PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 : (11) International Publication Number: WO 99/38514
AG61K 31/445, 31/535, 31/54, 31/55, Al . Lo
CO07D 211/18, 211/32, 211/36, 211/96, (43) International Publication Date: 5 August 1999 (05.08.99)
401/06, 401/14, 407/14, 409/10, 409/14,
413/14, 417/14, 471/10, 491/107

(21) International Application Number: PCT/US99/02165 ing [CN/US]; 126 East Lincoln Avenue, Rahway, NJ 07065

(22) International Filing Date: 1 February 1999 (01.02.99)

(30) Priority Data:
60/073,446
9810890.5

UsS
GB

2 February 1998 (02.02.98)
20 May 1998 (20.05.98)

(71) Applicant (for all designated States except US): MERCK &
CO., INC. [US/US]; 126 East Lincoln Avenue, Rahway, NJ
07065 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): CALDWELL, Charles, G.
[US/US]; 126 East Lincoln Avenue, Rahway, NJ 07065
(US). FINKE, Paul, E. [US/US]; 126 East Lincoln Avenue,
Rahway, NJ 07065 (US). MACCOSS, Malcolm [GB/US]J;
126 East Lincoln Avenue, Rahway, NJ 07065 (US). MILLS,
Sander, G. [US/US]; 126 East Lincoln Avenue, Rahway,
NJ 07065 (US). OATES, Bryan [US/US]; 126 East Lin-
coln Avenue, Rahway, NJ 07065 (US). KIM, Dooseop
[KR/US]; 126 East Lincoln Avenue, Rahway, NJ 07065
(US). KOTHANDARAMAN, Shankaran [IN/US]; 126 East
Lincoln Avenue, Rahway, NJ 07065 (US). WANG, Lip-

(US).

(74) Common Representative: MERCK & CO., INC.; 126 East
Lincoln Avenue, Rahway, NJ 07065 (US).

(81) Designated States: AL, AM, AU, AZ, BA, BB, BG, BR, BY,
CA, CN, CU, CZ, EE, GD, GE, HR, HU, ID, IL, IN, IS, JP,
KG, KR, KZ, LC, LK, LR, LT, LV, MD, MG, MK, MN,
MX, NO, NZ, PL, RO, RU, SG, S], SK, SL, TJ, TM, TR,
TT, UA, US, UZ, VN, YU, ARIPO patent (GH, GM, KE,
LS, MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ, BY,
KG, KZ, MD, RU, TJ, TM), European patent (AT, BE, CH,
CY, DE, DK, ES, F], FR, GB, GR, IE, IT, LU, MC, NL,
PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN,
GW, ML, MR, NE, SN, TD, TG).

Published
With international search report.

(54) Title: CYCLIC AMINE MODULATORS OF CHEMOKINE RECEPTOR ACTIVITY

R2

R3

(57) Abstract
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TITLE OF THE INVENTION
CYCLIC AMINE MODULATORS OF CHEMOKINE RECEPTOR
ACTIVITY

BACKGROUND OF THE INVENTION

Chemokines are chemotactic cytokines that are released by
a wide variety of cells to attract macrophages, T cells, eosinophils,
basophils and neutrophils to sites of inflammation (reviewed in Schall,
Cytokine, 3, 165-183 (1991) and Murphy, Rev. Immun., 12, 593-633 (1994)).
There are two classes of chemokines, C-X-C (o) and C-C (B), depending
on whether the first two cysteines are separated by a single amino acid
(C-X-C) or are adjacent (C-C). The a-chemokines, such as interleukin-8
(IL-8), neutrophil-activating protein-2 (NAP-2) and melanoma growth
stimulatory activity protein (MGSA) are chemotactic primarily for
neutrophils, whereas B-chemokines, such as RANTES, MIP-1a, MIP-
1B, monocyte chemotactic protein-1 (MCP-1), MCP-2, MCP-3 and eotaxin
are chemotactic for macrophages, T-cells, eosinophils and basophils
(Deng, et al., Nature, 381, 661-666 (1996)).

The chemokines bind specific cell-surface receptors
belonging to the family of G-protein-coupled seven-transmembrane-
domain proteins (reviewed in Horuk, Trends Pharm. Sci., 15, 159-165
(1994)) which are termed "chemokine receptors." On binding their
cognate ligands, chemokine receptors transduce an intracellular signal
though the associated trimeric G protein, resulting in a rapid increase
in intracellular calcium concentration. There are at least seven human
chemokine receptors that bind or respond to B-chemokines with the
following characteristic pattern: CCR-1 (or "CKR-1" or "CC-CKR-1")
[MIP-1a, MIP-18, MCP-3, RANTES] (Ben-Barruch, et al., J. Biol.
Chem., 270, 22123-22128 (1995); Beote, et al, Cell, 72, 415-425 (1993)); CCR-
2A and CCR-2B (or "CKR-2A"/"CKR-2A" or "CC-CKR-2A"/"CC-CKR-
2A") [MCP-1, MCP-3, MCP-4]; CCR-3 (or "CKR-3" or "CC-CKR-3")
[eotaxin, RANTES, MCP-3] (Combadiere, et al., J. Biol. Chem., 270,
16491-16494 (1995); CCR-4 (or "CKR-4" or "CC-CKR-4") [MIP-1¢.,
RANTES, MCP-1] (Power, et al., J. Biol. Chem., 270, 19495-19500 (1995));
CCR-5 (or "CKR-5" or "CC-CKR-5") [MIP-10, RANTES, MIP-1f]
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(Sanson, et al., Biochemistry, 35, 3362-3367 (1996)); and the Duffy blood-
group antigen [RANTES, MCP-1] (Chaudhun, et al., J. Biol. Chem., 269,
7835-7838 (1994)). The B-chemokines include eotaxin, MIP ("macrophage
inflammatory protein"), MCP ("monocyte chemoattractant protein") and
RANTES ("regulation-upon-activation, normal T expressed and

secreted").

Chemokine receptors, such as CCR-1, CCR-2, CCR-2A,
CCR-2B, CCR-3, CCR-4, CCR-5, CXCR-3, CXCR-4, have been implicated
as being important mediators of inflammatory and immunoregulatory
disorders and diseases, including asthma and allergic diseases, as well
as autoimmune pathologies such as rheumatoid arthritis and
atherosclerosis. For example, the chemokine receptor CCR-3 plays a
pivotal role in attracting eosinophils to sites of allergic inflammation.
Accordingly, agents which modulate chemokine receptors would be
useful in such disorders and diseases.

A retrovirus designated human immunodeficiency virus
(HIV-1) is the etiological agent of the complex disease that includes
progressive destruction of the immune system (acquired immune
deficiency syndrome; AIDS) and degeneration of the central and
peripheral nervous system. This virus was previously known as LAV,
HTLV-III, or ARV.

Certain compounds have been demonstrated to inhibit the
replication of HIV, including soluble CD4 protein and synthetic
derivatives (Smith, et al., Science, 238, 1704-1707 (1987)), dextran sulfate,
the dyes Direct Yellow 50, Evans Blue, and certain azo dyes (U.S. Patent
No. 5,468,469). Some of these antiviral agents have been shown to act by
blocking the binding of gp120, the coat protein of HIV, to its target, the
CD4 gyycoprotein of the cell.

Entry of HIV-1 into a target cell requires cell-surface CD4
and additional host cell cofactors. Fusin has been identified as a cofactor
required for infection with virus adapted for growth in transformed T-
cells, however, fusin does not promote entry of macrophagetropic
viruses which are believed to be the key pathogenic strains of HIV in
vivo. It has recently been recognized that for efficient entry into target
cells, human immunodeficiency viruses require the chemokine
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receptors CCR-5 and CXCR-4, as well as the primary receptor CD4
(Levy, N. Engl. J. Med., 335(20), 1528-1530 (Nov. 14 1996). The principal
cofactor for entry mediated by the envelope glycoproteins of primary
macrophage-trophic strains of HIV-1 is CCR5, a receptor for the [3-
chemokines RANTES, MIP-1a and MIP-1B (Deng, et al., Nature, 381,
661-666 (1996)). HIV attaches to the CD4 molecule on cells through a
region of its envelope protein, gp120. It is believed that the CD-4 binding
site on the gp120 of HIV interacts with the CD4 molecule on the cell
surface, and undergoes conformational changes which allow it to bind to
another cell-surface receptor, such as CCR5 and/or CXCR-4. This
brings the viral envelope closer to the cell surface and allows interaction

between gp41 on the viral envelope and a fusion domain on the cell
surface, fusion with the cell membrane, and entry of the viral core into
the cell. Macrophage-tropic HIV and SIV envelope proteins have been
shown to induce a signal through CCR-5 on CD4+ cells resulting in
chemotaxis of T cells which may enhance the replication of the virus
(Weissman, et al., Nature, 389, 981-985 (1997)). It has been shown that -
chemokine ligands prevent HIV-1 from fusing with the cell (Dragic, et
al., Nature, 381, 667-673 (1996)). It has further been demonstrated that a
complex of gp120 and soluble CD4 interacts specifically with CCR-5 and
inhibits the binding of the natural CCR-5 ligands MIP-1a and MIP-1p
(Wu, et al., Nature, 384, 179-183 (1996); Trkola, et al., Nature, 384, 184-187
(1996)).

Humans who are homozygous for mutant CCR-5 receptors
which do not serve as co-receptors for HIV-1 in vitro apper to be
unusually resistant to HIV-1 infection and are not immuno-
compromised by the presence of this genetic variant (Nature, 382, 722-725
(1996)). Similarly, an alteration in the CCR-2 gene, CCR2-64I, can
prevent the onset of full-blown AIDS (Smith, et al., Science, 277, 959-965
(1997). Absence of CCR-5 appears to confer protection from HIV-1
infection (Nature, 382, 668-669 (1996)). An inherited mutation in the gene
for CCR5, Delta 32, has been shown to abolish functional expression of
the gene and individuals homozygous for the mutation are apparently
not susceptible to HIV infection. Other chemokine receptors may be
used by some strains of HIV-1 or may be favored by non-sexual routes of
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transmission. Although most HIV-1 isolates studied to date utilize
CCR-5 or fusin, some can use both as well as the related CCR-2B and
CCR-3 as co-receptors (Nature Medicine, 2(11), 1240-1243 (1996)).
Nevertheless, drugs targeting chemokine receptors may not be unduly
compromised by the genetic diversity of HIV-1 (Zhang, et al., Nature,
383, 768 (1996)). The B-chemokine macrophage-derived chemokine
(MDC) has been shown to inhibit HIV-1 infection (Pal, et al., Science, 278
(56338), 695-698 (1997). The chemokines RANTES, MIP-1a, MIP-1§,
vMIP-1, vMIP-II, SDF-1 have also been shown to suppress HIV. A
derivative of RANTES, (AOP)-RANTES, is a subnanomolar antagonist of
CCR-5 function in monocytes (Simmons, et al., Science, 276, 276-279
(1997)). Monoclonal antibodies to CCR-5 have been reported to block
infection of cells by HIV in vitro. Accordingly, an agent which could

block chemokine receptors in humans who possess normal chemokine
receptors should prevent infection in healthy individuals and slow or
halt viral progression in infected patients (see Science, 275, 1261-1264
(1997)). By focusing on the host's cellular immune response to HIV

infection, better therapies towards all subtypes of HIV may be provided.
These results indicate that inhibition of chemokine receptors presents a
viable method for the prevention or treatment of infection by HIV and the
prevention or treatment of AIDS.

The peptides eotaxin, RANTES, MIP-1a, MIP-1B, MCP-1,
and MCP-3 are known to bind to chemokine receptors. As noted above,
the inhibitors of HIV-1 replication present in supernatants of CD8+ T
cells have been characterized as the B-chemokines RANTES, MIP-1a
and MIP-1B. PCT Patent Publication WO 97/10211 and EPO Patent
Publication EP 0,673,928 disclose certain piperidines as tachykinin
antagonists. PCT Patent Publications WO 97/24325 and WO 97/44329,
and Japan Patent Publication JP 09,249,566 disclose certain compounds
as chemokine antagonists.

SUMMARY OF THE INVENTION

The present invention is directed to compounds which are
modulators of chemokine receptor activity and are useful in the
prevention or treatment of certain inflammatory and immunoregulatory
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disorders and diseases, including asthma and allergic diseases, as well
as autoimmune pathologies such as rheumatoid arthritis and
atherosclerosis. The invention is also directed to pharmaceutical
compositions comprising these compounds and the use of these
compounds and compositions in the prevention or treatment of such
diseases in which chemokine receptors are involved.

The present invention is further concerned with compounds
which inhibit the entry of human immunodeficiency virus (HIV) into
target cells and are of value in the prevention of infection by HIV, the
treatment of infection by HIV and the prevention and/or treatment of the
resulting acquired immune deficiency syndrome (AIDS). The present
invention also relates to pharmaceutical compositions containing the
compounds and to a method of use of the present compounds and other
agents for the prevention and treatment of AIDS and viral infection by
HIV.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to compounds of

formula I:
R2 ) m
N—R!
RS
o
I
wherein:

Rl is selected from a group consisting of:
linear or branched C1-8 alkyl, linear or branched C2-8 alkenyl,

wherein the C1-8 alkyl or C2.8 alkenyl is optionally mono,
di, tri or tetra substituted, where the substituents are
independently selected from:

(a) hydroxy,

(b) 0xo0,

(c) cyano,
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)
(g)

(h)
(i)
Q)
(k)
M
(m)
(n)
(0)
(p)
(@)
(r)
(s)
(t)
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halogen which is selected from F, Cl, Br, and I,
trifluoromethyl,

phenyl

mono, di or tri-substituted phenyl, where the
substituents are independently selected from:
(1') phenyl,

(2) hydroxy,

(38') Ci-ealkyl,

(4" cyano,

(5') halogen,

(6") trifluoromethyl,

(7 -NR6CORY,

(8") -NRSCO9R7,

(9) -NR6CONHRY,

(10) -NR6S(O)R7, wherein jis 1 or 2,

(11') -CONRSRY,

(12" -CORS,

(13") -CO2RS,

(14') -ORS,

(15" -S(O)kR®, wherein kis 0, 1 or 2,
-NR6R7 ,

-NR6CORY,

-NR6CO2RY,

-NR6CONHRY,

-NR6S(0);-R7,

-CONRSRY,

-CORY,

-CO2R7,

-OR7,

-S(O)xR7,

-NR6CO-heteroaryl,

-NR6S(0)j-heteroaryl, and

heteroaryl, wherein heteroaryl is selected from the
group consisting of:

(1) benzimidazolyl,

-6-
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(2") Dbenzofuranyl,
(3') benzoxazolyl,
(4') furanyl,
(5') imidazolyl,
(6') indolyl,
(7") 1isooxazolyl,
(8") 1isothiazolyl,
(9") oxadiazolyl,
(10") oxazolyl,
(11") pyrazinyl,
(12") pyrazolyl,
(13") pyridyl,
(14") pyrimidyl,
(15") pyrrolyl,
(16") quinolyl,
(17") tetrazolyl,
(18" thiadiazolyl,
(19" thiazolyl,
(20") thienyl, and
(21") triazolyl,
wherein the heteroaryl is unsubstituted or mono di or tri-
substituted, where the substituents are independently
selected from:
(a") phenyl,
(b") hydroxy,
(¢") oxo,
(d") cyano,
(e") halogen,
(f") Ci-galkyl,and
(g") trifluoromethyl;

R2 is selected from the group consisting of:
(1) hydrogen,
(2)  hydroxy,
3 Ci-6alkyl,
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(6)
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substituted Cj.¢ alkyl, where the substituents are

independently selected from:

(a)
(b)
(c)
(d)
(e)
®

(8)
(h)

phenyl,

hydroxy,

0xo,

halogen,

trifluoromethyl,

-N(R4)(R%), wherein R4 and RS are independently
selected from hydrogen, C1-¢ alkyl, and Cj-¢ alkyl
substituted with C5-8 cycloalkyl,
-N(R4)-CO-O-(R5), and

-N(R4)-CO-N(R4)(R5), wherein R4 is selected from
the definitions of R4,

-O-C1-g alkyl, and
phenyl;

R3 is selected from the group consisting of:
-N(R8)-C0-0-(C1-6 alkyl)-Ar, and

-N(R8)-C0-0-R7;

(1)
(2)

Ar is selected from the group consisting of:

1)
2)
3)
(4)
()
(6)
(7)
(8)
)]
(10)
(11)
(12)
(13)

phenyl,
pyridyl,
pyrimidyl,
naphthyl,

furyl,

pyrryl,
thienyl,

isothiazolyl,

imidazolyl,

benzimidazolyl,

tetrazolyl,

pyrazinyl,

quinolyl,
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(14)
(15)
(16)
17)
(18)
(19)
(20)
21)
(22)
23
(24)
(25)
(26)
@27
(28)
(29)
(30)
(31
(32)
(33)
(34)
(35)
(36)
(37
(38)
(39)
(40)

isoquinolyl,
benzofuryl,
isobenzofuryl,
benzothienyl,
pyrazolyl,
indolyl,
isoindolyl,
purinyl,
isoxazolyl,
thiazolyl,
oxazolyl,
triazinyl, and
benzthiazolyl,
benzoxazolyl,

imidazopyrazinyl,
triazolopyrazinyl,
naphthyridinyl,

furopyridinyl,

PCT/US99/02165

thiopyranopyrimidyl and the 5-oxide and 5-dioxide thereof,

pyridazinyl,
quinazolinyl,
pteridinyl,

triazolopyrimidyl,
triazolopyrazinyl,

thiapurinyl,

oxapurinyl, and

deazapurinyl,

wherein Ar items (1) to (40) are unsubstituted or mono or di-substituted,

where the substituents are independently selected from:

(a) C1-6 alkyl, unsubstituted or substituted with a

substituent selected from:
(1) oxo,

(2") hydroxy,

(8) -OR7,

(4) phenyl,
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(b)
(c)
(d)
(e)
()
(g
(h)
(1)
@
(k)
¢))
(m)
(n)
(0)
(p)
(@
(r)
(s)
(t)
(u)
()
(w)
(x)
(y)

PCT/US99/02165

(8"')  trifluoromethyl, and

(6') phenyl or mono, di or tri-substituted phenyl,
where the substituents are independently
selected from: hydroxy, cyano, halogen, and
trifluoromethyl,

halogen,

-OC1-6 alkyl,

trifluoromethyl,

hydroxy,

-NO2,

-(CH2)pS(0)k-(C1-6 alkyl), wherein pis 0, 1 or 2,

{(CH2)pS(0)j-NHg,

-(CH2)pS(0);-NH(C1-6 alkyl),

-(CH2)pS(0)j-NHRS,

-(CH2)pS(0)j-NR6-(C1-6 alkyl),

-(CH2)pCONH2,

-(CH2)pCONH-(C1-6 alkyl),

-(CH2)pCONHRS,

-(CH2)pCONRS-(C1-6 alky)),

-(CH2)pCO2H,

-(CH2)pCO2-(C1-6 alkyl),

-(CH2)pNR6R7,

-(CH2)pNH-C(0)-C1-6alkyl,

-(CH2)pNH-C(0)-NHg,

-(CH2)pNH-C(0)-NHC1-galkyl,

-(CH2)pNH-C(0)-N(C1-6 alkyl)2,

-(CH2)pNH-S(0)k-C1-galkyl,

-(CH2)pN(C1-3alkyl)-C(0O)-N(diC1-6 alkyl),

-(CH2)p-heteroaryl, -C(O)-heteroaryl or

-(CH2)p-O-heteroaryl , wherein the heteroaryl is

selected from the group consisting of:

(1) benzimidazolyl,

(2’) benzofuranyl,

(3’) benzothiophenyl,

(4) benzoxazolyl,

-10-
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(5)

(6)

(7)

(8")

(9)

(10"
(11°)
(12)
(13)
(14)
(15%)
(16)
(17)
(18’)
(19”)
(20
(27)
(22’)
(23)
(24")
(25)
(26)
(27)
(28)
(29)
(30"
(37)
(32)
(33)
(34)
(35
(36”)
(37)

furanyl,

imidazolyl,

indolyl,

isooxazolyl,
isothiazolyl,
oxadiazolyl,
oxazolyl,

pyrazinyl,

pyrazolyl,

pyridyl,

pyrimidyl,

pyrrolyl,

quinolyl,

tetrazolyl,
thiadiazolyl,
thiazolyl,

thienyl,

triazolyl,
dihydrobenzimidazolyl,
dihydrobenzofuranyl,
dihydrobenzothiophenyl,
dihydrobenzoxazolyl,
dihydrofuranyl
dihydroimidazolyl,
dihydroindolyl,
dihydroisooxazolyl,
dihydroisothiazolyl,
dihydrooxadiazolyl,
dihydropyrazinyl,
dihydropyrazolyl,
dihydropyridinyl,
dihydropyrimidinyl,
dihydroquinolinyl,

-11-
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wherein the heteroaryl group of items (1') to (37') is

unsubstituted, or mono, di or tri-substituted, where

the substituents are selected from:

(a")
(b")

(c")
(d"
(e")
(f)
(g"
(h")
@i
Gg"
(k"
1
(m')
(n")
(o")
(p"
(q")
(r')
(s")
(t")
(u")

hydrogen,

C1-6 alkyl, branched or unbranched,
unsubstituted or mono or di-substituted,
where the substituents are selected from:
hydrogen and hydroxy,

hydroxy,

0Xo0,

-ORG’

halogen,

trifluoromethyl,

nitro,

cyano,

-NHRS,

-NRSR7,

-NHCORS,

-NR6COR?,

-NHCO2RS,

-NR6CO2RY,

-NHS(O)jRS,

-NR6S(O)R7,

-CONRSR7,

-CORS,

-CO2R6, and

-S(O)jRS6;

RS is selected from the group consisting of:

(1)
2)
3)

hydrogen,
C1-6 alkyl,

substituted C1-6 alkyl, where the substituents are

independently selected from:

(a) phenyl,
(b)  hydroxy,
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4)
(5)
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(c) 0xo,

(d) cyano,

(e) halogen,

§3) trifluoromethyl, and
(g) Cs-8 cycloalkyl,
phenyl,

mono, di or tri-substituted phenyl, where the substituents
are independently selected from:

(a)
(b)
(c)
(d)
(e)

hydroxy,
Ci-ealkyl,
cyano,

halogen, and
trifluoromethyl;

R7 is selected from the group consisting of:

(1)
2)
(3)

(4)

hydrogen,
C1-6 alkyl or C5.8 cycloalkyl,
substituted C1-¢ alkyl or C5-8 cycloalkyl, where the

substituents are independently selected from:

(a) phenyl,
(b)  mono, di or tri-substituted phenyl, where the
substituent is independently selected from:
(1) hydroxy,
(2") Cji-galkyl,
(38") cyano,
(4") halogen,
(5") trifluoromethyl, and
(6') Cji-3alkyloxy,
(¢)  hydroxy,
(d) oxo,
(e) cyano,
6] halogen, and
(g) trifluoromethyl,
phenyl,

-13-
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(5) mono, di or tri-substituted phenyl, where the substituents
are independently selected from:
(a) hydroxy,
(b) Ci-salkyl,
(¢) Ci-ealkoxy
(d) cyano,
(e) halogen, and
63) trifluoromethyl;

or R6 and R7 may be joined together to form a 5-, 6-, or 7-
membered monocyclic saturated ring containing 1 or 2
heteroatoms independently selected from nitrogen, oxygen,
and sulfur, and in which the ring is unsubstituted or mono
or di-substituted, the substituents independently selected

from:

(1)  hydroxy,
(2) oXo,

(8 cyano,

(4) halogen,
(5)  trifluoromethyl,

R8 is selected from the group consisting of:

(1) C2-10 alkenyl,

(2) C2-10 alkynyl,

(3)  heteroaryl,

(3)  substituted C1-10 alkyl, C2-10 alkenyl or C2-10 alkynyl,
where the substituents are independently selected from:
(a) C3-4 cycloalkyl,
(b)  hydroxy,
(¢) Ci-6 alkyloxy,

(d) cyano,

(e)  heteroaryl,

()  halogen,

(g) trifluoromethyl,
(h) -CO2H,
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(i)  -SOsH,

G)  -CO2RS,

(k) -CONRSRY,

() -NR4CONRSR7,
(m) -NR4CO9RS,
(n) -NR4CORS, and
(o) -SR%

m is an integer selected from 0, 1 and 2,
n is an integer selected from 0, 1 and 2,
and pharmaceutically acceptable salts thereof.

PCT/US99/02165

Preferred compounds of the present invention include those

of formula la:

R2 )m
N— R’
R )n
Ia

wherein:

R1 is selected from a group consisting of:

C3, C4, Cs5, Cg, C7, or Cg linear or branched alkyl, which is

unsubstituted or mono, di or tri-substituted, where the

substituents are independently selected from:

(a)  hydroxy,
(b) ClorkF,
(¢) phenyl,

(d) mono, di or tri-substituted phenyl, where the

substituents are independently selected from:
(1)  phenyl,

(2') hydroxy,

(3') Ci-ealkyl,
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(e)

®
(g)
(h)
@)
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(4") cyano,

(") halogen, and

(6') trifluoromethyl,

-NR6CO-R7, wherein RS is hydrogen or C1-g alkyl,
unsubstituted or substituted with C5-8 cycloalkyl, and
R7 is C1-6 alkyl, benzyl or phenyl which is
unsubsituted or substituted with halo, CF3, C1-galkyl,
or C1-3alkoxy,

-COR7,

-OR7 ,

-NR6S(0)j-R7, where jis 1 or 2,
-NR6S(0)j-heteroaryl, wherein heteroaryl is selected
from the group consisting of:

(1Y benzimidazolyl,

(2) benzofuranyl,

(3’) benzothiophenyl,

(4’) benzoxazolyl,

(5’) furanyl,

(6’) imidazolyl,

(7’) indolyl,

(8’) 1isooxazolyl,

(9’) isothiazolyl,

(10’) oxadiazolyl,

(17’) oxazolyl,

(12’) pyrazinyl,

(13’) pyrazolyl,

(14’) pyridyl,

(15’) pyrimidyl,

(16’) pyrrolyl,

(17) quinolyl,

(18’) tetrazolyl,

(19’) thiadiazolyl,

(20°) thiazolyl,

(21’) thienyl,

(22’) triazolyl,
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(25)
(26)
(27)
(28"
(29)
(30%)
(31)
(32")
(33)
(34)
(35)
(36%)
(87)

PCT/US99/02165

dihydrobenzimidazolyl,
dihydrobenzofuranyl,
dihydrobenzothiophenyl,
dihydrobenzoxazolyl,
dihydrofuranyl
dihydroimidazolyl,
dihydroindolyl,
dihydroisooxazolyl,
dihydroisothiazolyl,
dihydrooxadiazolyl,
dihydropyrazinyl,
dihydropyrazolyl,
dihydropyridinyl,
dihydropyrimidinyl,
dihydroquinolinyl,

wherein the heteroaryl is unsubstituted or mono di or tri-
substituted, where the substituents are independently
selected from:

(a") phenyl,

(b") hydroxy,

(¢') oxo,

(d') cyano,

(e') halogen,

(f) Ci-ealkyl,and
(g’) trifluoromethyl,;

R2 is selected from the group consisting of:

(1
(2)
3)
(4)
(6)
(6)
(7)
(8)

hydrogen,
hydroxy,
C1-6 alkyl,

-O-C1-6 alkyl,

phenyl,

-N(CH3)-CO-N(H)(CH3),
-N(H)-CO-0-CH3, and

-CO-CHg;

-17-



10

15

25

30

35

WO 99/38514

PCT/US99/02165

R3 is selected from the group consisting of:
-N(R8)-CO-0-(C1-6 alkyl)-Ar, and

-N(R8)-CO-O-R7;

(1)
(2)

Ar is selected from the group consisting of:

(1)
2
3
4)
(5)
(6)

phenyl,

pyrazinyl,
pyrazolyl,
pyridyl,
pyrimidyl, and

thienyl,

wherein the Ar is unsubstituted or mono or di-substituted,

(a)

(b)
(c)
(6]
(e)
®
(g)
(h)
(1)
Gg)
(k)
()
(m)
(n)
(0)

and the substituents are independently selected from:
C1-6 alkyl, unsubstituted or substituted with

(1) oxo,
(2')  hydroxy,
(8) -OR7,

(4) phenyl, and

(8") trifluoromethyl,
halogen,

-OC1-6 alkyl,
trifluoromethyl,

-NOg,

CONRS-(C1-2 alkyl),

CO2H,

C02-(C1-92 alkyl),
CH2NRS6-(C1-2 alky)),
CH2NH-C(0)-C1-3alkyl,
CH2NH-C(O)NHg,
CH2NH-C(O)NHC1-3alkyl,
CH2NH-C(O)N-diC1-3 alkyl),
CH2NH-S(0);-C1-3alkyl,
CH2-heteroaryl, with the heteroaryl is selected from
the group consisting of:
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(1) imidazolyl,

(2") oxazolyl,
(8") pyridyl,

(4') tetrazolyl,

(6") triazolyl,

and the heteroaryl is unsubstituted, mono, di or tri-
substituted, where the substituents selected from:

(a') hydrogen,

(b") Ci-6 alkyl, branched or unbranched,

unsubstituted or mono or di-substituted,
substituents being selected from
hydrogen and hydroxy;

the

R8 is selected from the group consisting of:
C2-10 alkenyl,
C2-10 alkynyl,
heteroaryl,

Q)
2)

3
(4)

substituted C1-10 alkyl, 02;10 alkenyl or C92-10 alkynyl,

where the substituents are independently selected from:

(a)
(b)
(c)
(d
(e)
®

(g)
(h)

)
Q)
(k)
)]
(m)
(n)
(o)

C3-4 cycloalkyl,
hydroxy,

C1-6 alkyloxy,
cyano,
heteroaryl,
halogen,
trifluoromethyl,
-CO9H,

-SOgH,

-CO2RS,
-CONRSRY,
-NR4CONRSR7,
-NR4CO2RS,
-NR4CORS, and
-SR4;

-19-
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m is an integer selected from 0, 1 and 2,

n is an integer selected from 0, 1 and 2, with the proviso that the sum of
m + nis 2; |

and pharmaceutically acceptable salts thereof.

More preferred compounds of the present invention include

those of formula Ib:
R2
R3

Ib
wherein:
R1 R2 and R3 are as defined herein;
and pharmaceutically acceptable salts thereof.

In the present invention it is preferred that
R1 is selected from the group consisting of:

C3, C4, C5, Ce, C7, or Cg linear or branched alkyl, which is
unsubstituted or mono, di or tri-substituted, where the
substituents are independently selected from:

(a) hydroxy,

(b) ClorF,

(c) phenyl,

(d)  mono, di or tri-substituted phenyl, where the
substituents are independently selected from:
(1) phenyl,
(2') hydroxy,
(3') Ci-ealkyl,
(4') cyano,
(5') halogen, and
(6') trifluoromethyl,

(e) -NR6CO-R7, wherein R6 is hydrogen or C1-6 alkyl,
unsubstituted or substituted with C5.8 cycloalkyl, and
R7isC1-6 alkyl, benzyl or phenyl which is
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unsubsituted or substituted with halo, CF3, C1-galkyl,
or C1-galkoxy,

-COR7,

-OR7,

-NR6S(0)j-R7, where j is 1 or 2,
-NR6S(0)j-heteroaryl, wherein heteroaryl is selected
from the group consisting of:

(1"
(2"
(3"
(4"
(5"
(6"
(7
(8"
(9"
(109
(119
(12
(13"
(14"
(15"
(16"
am
(18"
(19"
(20"
(21"

benzimidazolyl,
benzofuranyl,
benzoxazolyl,
furanyl,
imidazolyl,
indolyl,
isooxazolyl,
isothiazolyl,
oxadiazolyl,
oxazolyl,
pyrazinyl,
pyrazolyl,
pyridyl,
pyrimidyl,
pyrrolyl,
quinolyl,
tetrazolyl,
thiadiazolyl,
thiazolyl,
thienyl, and
triazolyl,

wherein the heteroaryl is unsubstituted or mono di or tri-
substituted, where the substituents are independently
selected from:

(a') phenyl,
(b") hydroxy,
(¢') oxo,
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(d") cyano,
(e') halogen,
(f) Ci-galkyl,and

(g) trifluoromethyl.

In the present invention it is preferred that
R1 bears at least one substituent which is selected from:

(a)

(b)

-NR6CO-R7, wherein R6 is C1.6 alkyl, unsubstituted
or substituted with cyclohexyl, and R7 is C1-6 alkyl,

benzyl or phenyl which is unsubsituted or substituted
with halo, CF3, C1-3alkyl, or C1-3alkoxy, and

-NR6S(0)j-R7, where j is 1 or 2.

In the present invention it is more preferred that

R1 is selected from the group consisting of:
C4, C5, Cg, C7 or C8 linear or branched alkyl, which is mono, di-

or tri-substituted, where the substituents are independently
selected from:

(a)
(b)
(c)
(d)

(e)

®

hydroxy,

ClorF,

phenyl,

mono, di or tri-substituted phenyl, where the
substituents are independently selected from:

(1) hydroxy,

(2") methyl or ethyl,

(8") ClorF, and

(4") trifluoromethyl,

-NR6CO-R7, wherein R6 is C1-3 alkyl, unsubstituted
or substituted with cyclohexyl, and R7 is C1-g alkyl,
benzyl or phenyl which is unsubsituted or substituted
with halo, CFg, C1-3alkyl, or C1-3alkoxy,
-NR6S(0)j-R7, where j is 1 or 2.

In the present invention it is still more preferred that
R1 is selected from the group consisting of:
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C4, Cs, or Cg linear alkyl, which is substituted, where the

substituents are independently selected from:

(a) phenyl,

(b) mono, di or tri-substituted phenyl, where the
substituents are independently selected from:
(1) hydroxy,
(2') methyl or ethyl,
(3) ClorF, and
(4")  trifluoromethyl,

(¢c) Ci1-6alkyl,

(d) -NR6CO-R7, wherein RS is methyl, unsubstituted or

substituted with cyclohexyl, and R7 is phenyl which
is unsubstituted or substituted with Cl, F, CFg, Cj.

3alkyl or C1-3alkoxy, and
(e) -NR6S(0)-R7, where jis 1 or 2.

In the present invention it is still more preferred that

R1is C4 linear alkyl, which is substituted, where the substituents are

Rl is:

independently selected from:

(a) phenyl,

(b)  mono, di or tri-substituted phenyl, where the
substituents are independently selected from:
(1) hydroxy,
(2") methyl or ethyl,
(8) ClorF, and
(4")  trifluoromethyl,

(¢) Ci-6alkyl, and

(d) -NRS6S(0)j-R7, where RS is methyl, unsubstituted or
substituted with cyclohexyl, and R7 is phenyl which
is unsubstituted or substituted with Cl, F, CF3, C1.-

3alkyl or Cj-3alkoxy, and jis 1 or 2.

In the present invention it is even more preferred that

-23.-
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wherein:
B is selected from the group consisting of:
(a) phenyl, and
5 (b) di or tri-substituted phenyl, wherein the substituents on

phenyl are independently selected from: chloro, methyl,
phenyl, C1-3alkoxy, and CF3;

R6 is C1.3 alkyl, unsubstituted or substituted with cyclohexyl;
10
R10 is selected from the group consisting of:

(1)  hydrogen, and
(2) Ci-6alkyl;

15 R11 and R12 are independently selected from the group consisting of:
(1) hydrogen,
(2)  hydroxy,
(3)  methyl or ethyl,
(4) ClorF, and
20 (6)  trifluoromethyl.

In the present invention it is most preferred that
R1 is selected from the group consisting of:

0 Fm o)
1

|
CH3 CH3

Cl
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CH3 CH3
0)
I}I/SOQ‘Q l\|j/8 2’< >
CH;, CHjy
, and OH

In the present invention it is most preferred that

R1 is selected from the group consisting of:

CHs
WN/ SOz"@ WN/ SOz‘@
O o

Q™

2
Cli

In the present invention it is preferred that

, and

R2 is selected from the group consisting of:

(D
2)
3
(4)
()

hydrogen,
hydroxy,

C1-6 alkyl,
-O-C1-6 alkyl, and
phenyl.

In the present invention it is more preferred that

R2 is selected from the group consisting of:

(1)
(2)
(3)

hydrogen,
hydroxy, and
phenyl.

In the present invention it is most preferred that

R2 is hydrogen.

In the present invention it is preferred that
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Ar is selected from the group consisting of:

(1
(2)
3
(4)
(5)
(6)

phenyl,

pyrazinyl,

pyrazolyl,

pyridyl,
pyrimidyl, and

thienyl,

wherein the Ar is unsubstituted or mono or di-substituted,

(a)

(b)
(c)
(d)
(e)
®
(8)
(h)
1)
G
(k)
@
(m)

and substituents are independently selected from:
C1-3 alkyl, unsubstituted or substituted with

(1) oxo,
(2') hydroxy,
(3" -OR7,

(4') phenyl, and

(8")  trifluoromethyl,

-NO2,

-CONHz2,

-CONRS-(C1-2 alkyl),

-CO2H,

-C0O2-(C1-2 alkyl),

-CHoNRS-(C1-2 alkyl),

-CH9NH-C(0)-C1-3alkyl,

-CH2NH-C(O)NHz2,

-CH2NH-C(O)NHC1-3alkyl,
-CH2NH-C(O)N-diC1-3 alkyl),
-CH2NH-S(0)j-C1-3alkyl,

-CH2-heteroaryl, with the heteroaryl is selected from
the group consisting of:

(1') imidazolyl,

(2') oxazolyl,

(3") pyridyl,

(4') tetrazolyl,

(5') triazolyl,

and the heteroaryl is unsubstituted, mono, di or tri-
substituted, where the substituents selected from:
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(a') hydrogen,

(b') Ci-6 alkyl, branched or unbranched,
unsubstituted or mono or di-substituted,
the substituents being selected from
hydrogen and hydroxy.

In the present invention it is more preferred that

Ar is selected from:

of:

phenyl, mono substituted phenyl or di-substituted phenyl,
wherein the substituents are selected from the group consisting

(a)

(b)
(c)
(d)
(e)
(f)

(g)
(h)
(1)

@

(k)

C1-3 alkyl, unsubstituted or substituted with
(1') oxo,
(2")  hydroxy, or
(3" -ORG, wherein R6 is hydrogen or C3-3 alkyl,
-NO2,
-CONH2,
-CO2H,
-CH2NRS-(C1-9 alkyl),
-CH9NH-C(0)-C1-3alkyl,
-CHoNH-C(O)NH2,
-CH2NH-C(O)NHC1-3alkyl,
-CH9NH-C(O)N-diC1-3 alkyl),
-CH2NH-S(0)j-C1-3alkyl, and
-CH2-heteroaryl, where heteroaryl is selected from the
group consisting of:
(1) imidazolyl,
(2") oxazolyl,
(3") pyridyl,
(4') tetrazolyl,
(6') triazolyl,
and where heteroaryl is unsubstituted, mono, di or tri
substituted, where the substituents are independently
selected from: '
(a') hydrogen,
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(b') Cji-g alkyl, branched or unbranched,

unsubstituted or mono or disubstituted, where
the substituents are selected from: hydrogen
and hydroxy.

In the present invention it is even more preferred that
Ar is selected from:

phenyl, or mono substituted phenyl wherein the substituent
is selected from : -NO2 -CONH2, and -CO2H.

In the present invention it is even more preferred that
Ar is selected from:
phenyl, or para-NO2 phenyl.

In the present invention it is preferred that
R3 is:
-N(R8)-C0-0~(C1-6 alkyl)-Ar.

In the present invention it is more preferred that
R3 is:
-N(R8)-CO-0-(CHg)-Ar.

In the present invention it is still more preferred that
R3 is selected from:
(1) -N(R8)-CO-0-(CH2)-phenyl,
(2)  -N(R8)-CO-O-(CH2)-(phenyl-NO2),
(3) -N(R8)-CO-0-(CH2)-(phenyl-CONH2), and
(4)  -N(R8)-CO-0-(CH2)-(phenyl-CO2H).

In the present invention it is preferred that

R8 is selected from the group consisting of:
(1) Cg-10 alkenyl,

2)  C2-10 alkynyl,
(3)  heteroaryl,
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substituted C1-10 alkyl, C2-10 alkenyl or C2-10 alkynyl,
where the substituents are independently selected from:
(a) C3-4 cycloalkyl,

(b)  hydroxy,

(¢) Ci-6 alkyloxy,

(d) cyano,

(e)  heteroaryl,
® halogen,
(g) -CO2H,

(h) -CO2RS, and
(i) -CONRSRY.

In the present invention it is more preferred that

R8 is selected from the group consisting of:

®
(2
3)

C2-10 alkenyl,

C2-10 alkynyl,

substituted C1-10 alkyl, C2-10 alkenyl or C2-10 alkynyl,
where the substituents are independently selected from:
(a) Cg3-4 cycloalkyl,

(b)  hydroxy,

(¢) Ci- alkyloxy,

(d) cyano,

(e) - tetrazolyl,
® fluoro,

(g) -CO2H,

(h) -CO9RS, and
(i) -CONRSRY,

In the present invention it is even more preferred that

R8 is selected from the group consisting of:

(1)
(2
(3)

C3-5 alkenyl,

C3-4 alkynyl, _
substituted C1-4 alkyl, where the substituents are
independently selected from:
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R8 is selected from the group consisting of:

(1)
(2)
3)
(4)
(5)
(6)
(7)
(8)
(9
(10)
(11)
(12)
(13)
(14)

(a) cyclopropyl,

(b)  cyclobutyl,
(c) cyano,

(d) fluoro,
(e) -CO2CHs,
f) -CONH2,

(g) Ci-2 alkyloxy, and

(h)  hydroxy.

PCT/US99/02165

In the present invention it is still more preferred that

-CH2-CH=CH2,
-(CH2)2-CH=CH2,
-(CH2)3-CH=CH2,
-CH9-C=CH,
-CH2-C=N,
-CH2-cyclopropyl,
-CH2-cyclobutyl,
-(CH2)2-F,
-CH2-CO2-CHsg,
-CH2-CO-NH2,
-(CH2)2-OCH3,
-(CH2)2-OH,
-(CH2)3-OH, and

-CH2-CH(OH)-CH2-OH.

In the present invention it is preferred that

m is an integer selected from 0, 1 and 2,

n is an integer selected from 0, 1 and 2, with the proviso that the sum of

m + n is 2.

In the present invention it is more preferred that
mis 1, and nis 1.
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As appreciated by those of skill in the art, halo as used
herein are intended to include chloro, fluoro, bromo and iodo. Similarly,
C1-6, as in C1-galkyl is defined to identify the group as having 1, 2, 3, 4, 5,
or 6 carbons, such that Ci.galkyl specifically includes methyl, ethyl,
propyl, butyl, pentyl, hexyl, and cyclohexyl.

Exemplifying the invention is the use of the compounds
disclosed in the Examples and herein.

Preferred compounds of the present invention include the
compounds of the formula:

15

20

25

wherein:

Ra Rb
-CH2-CH=CHy hydrogen
-(CH2)2-CH=CH2 hydrogen
-(CH2)3-CH=CHg2 hydrogen
-CH2-C=CH hydrogen
-CH2-C=N hydrogen
-CH2-cyclopropyl hydrogen
-CH2-cyclobutyl hydrogen
-(CH2)2-F hydrogen
-CH2-C0O2-CH3 hydrogen
-CH2-CO2-NH2 hydrogen
-(CH2)2-OCH3 hydrogen
-(CH2)2-OH hydrogen
-(CH2)3-OH hydrogen
-CH2-CH(OH)-CH2-OH hydrogen
-CH2-CH=CH2 -NO2
-(CH2)2-CH=CH2 -NO2
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-(CH92)3-CH=CHg¢ -NO2

-CH2-C=CH -NO2

-CH2-C=N -NO2
-CH2-cyclopropyl -NOg

5 -CH2-cyclobutyl -NOg2
-(CH2)2-F -NO2

-CH92-CO2-CH3 -NO2

-CH2-CO2-NH2 -NOg

-(CH9)2-OCH3 -NO9o

10 -(CH2)2-OH -NO2g
-(CH9)3-OH -NO2

-CH2-CH(OH)-CH2-OH -NOg2

and pharmaceutically acceptable salts thereof.
15

Specific compounds within the present invention include a
compound which selected from the group consisting of:

0]

&

NS

O\\U)/

|
L0
v
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