Office de la Proprieté Canadian CA 2711576 C 2016/06/21

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 71 1 576
gln gfgamsg‘e ; 'f\rc‘j agengy of ; 12) BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) G
(86) Date de depot PCT/PCT Filing Date: 2009/01/23 (51) Cl.Int./Int.Cl. CO07D 477/04 (2006.01),
S e . A6TK 31/5679(2006.01), A67FP 7/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2009/07/30 AG1P 19/02(2006.01), A61P 3/10(2006.01)
(45) Date de délivrance/lssue Date: 2016/06/21 CO7D 239/95 (2006.01), CO7D 471/14 (2006.01),
(85) Entree phase nationale/National Entry: 2010/07/07 CO/D 457/04(2006.01), CO/D 487714 (2006.01)

86) N° demande PCT/PCT Application No.: US 2009/031819| (72) Inventeurs/Inventors:

o o MJALLI, ADNAN M. M., US;
(87) N° publication PCT/PCT Publication No.: 2009/094528 GADDAM BAPU US:

(30) Priornte/Priority: 2008/01/25 (US61/023,617) POLISETTI, DHARMA RAQ, US;
KOSTURA, MATTHEW, US;

GUZEL, MUSTAFA, US

(73) Proprietaire/Owner:
VTV THERAPEUTICS LLC, US

(74) Agent: SMART & BIGGAR

(54) Titre : COMPOSES TRICYCLIQUES UTILISES COMME INHIBITEURS DE LA SYNTHESE DE TNF-oET
INHIBITEURS DE PDEA4
54) Title: TRICYCLIC COMPOUNDS AS INHIBITORS OF TNF-aSYNTHESIS AND AS PDE4 INHIBITORS

(1)

(57) Abréegée/Abstract:
The present invention relates to chemical compounds of Formula (l) as herein defined as inhibitors of TNF-a synthesis and PDE
Inhibitors and pharmaceutical compositions. (see formula |)

SoaoRRE f /[
TR - e St
R S N « w_® .-y
I ALY ""
[N

I*I ) . Pen, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 & 7%% 110

- SRR RO S 2 A\-‘
OPIC - CIPO 191 s




CA 02711576 2016-01-28

53338-26

Abstract

The present invention relates to chemical compounds of Formula () as
herein defined as inhibitors of TNF-a synthesis and PDE4 inhibitors and

pharmaceutical compositions.
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TRICYCLIC COMPOUNDS AS INHIBITORS OF TNF-a SYNTHESIS
AND AS PDE4 INHIBITORS

FIELD OF THE INVENTION
The present invention relates to chemical compounds useful as.inhibitors of the
synthesis of tumor necrosis factor alpha (TNF-a) and as inhibitors of phosphodiesterase 1V

(PDE4) and synthetic methods for their manufacture.

BACKGROUND OF THE INVENTION

Tumor necrosis factor-alpha (TNF-a), also referred to as TNF, DIF, TNF-alpha,
TNFA, and TNFSF2, is a cell-associated cytokine that is processed from a 26 kd
precursor form to a 17\ kd soluble form. TNF-a has been shown to be a primary mediator
in humans and in animais of inflammation, fevef, and acute phase responses, similar to
those observed during acute infection and shock. Excess TNF-a has been shown to be
lethal. There is now considerable evidence that blocking the effects of TNF-a by use of
soluble TNF receptor or with specific neutralizing antibodies can be beneficial in a
variety of circumstances including autoimmune diseases such as rheumetoid arthritis

(RA), non-insulin dependent diabetes mellitus (NIDDM or Type [l diabetes), and Crohn's

disease.

Tumor necrosis factor (TNF) was first found in the serum of mice and rabbits
infected with Bacillus Calmette-Guerin or injected with endotoxin, and was recognized
on the basis of its cytotoxic, antitumor and metabolic properties. Many cell and tissues
can produce TNF but its production is largely accomplished by macrophages and

monocyies.

TNF can have a positive effect on the host organism by stimulating neutrophils
and monocytes and by inhibiting the replication of viruses. Moreover, TNF-a activates
the immune defenses against parasites and acts directly or indirectly as a mediator in
Immune reactions, inflammatory pfocesses, and other processes m the body, although
the mechanisms by which it works have not yet been clarified in a- ﬁ-umber of cases. The
administration of TNF-a can afso be accompanied by harmful phenomena such as shock

and tissue damage, which can be remedied by means of antibodies against TNF-a.
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TNF-a appears to be a mediator of cachexia which can occur in chronically
invasive, for example, parasitic, diseases. TNF-a also appears to play a major part in the
pathogenesis of shock caused by gram negative bacteria, for example, endotoxic shock;
TNF-a would also appear to be implicated in some if not all the effects of
lipopolysaccharides. TNF-a has also been postulated to have a function in the tissue
damage which occurs Iin inflammatory processes in the joints and other tissues, and In
the lethality and morbidity of the graft-versus host reaction (GVHR, Transplant
Rejection). A correlation has also been reported between the concentration of TNF In

the serum and the fatal outcome of meningococcal diseases.

The administration of TNF-a over a lengthy period causes a state of anorexia and
malnutrition which has symptoms similar to those of cachexia, which accompany

neoplastic and chronic infectious diseases.

A protein derived from the urine of fever patients has a TNF inhibiting activity; the
effect of this protein Iis presumed to be due to a competitive mechanism at the level of

the receptors (similar to the effect of the interleukin 1 inhibitor).

Anti-TNF-a antibodies (cA2) are effective in treating patients with rheumatoid
arthritis (RA), which discovery led to an increased interest in finding novel TNF-a
iInhibitors as possible potent drugs for RA. Rheumatoid arthritis is an autoimmune
chronic inflammatory disease characterized by irreversible pathological changes in the
joints. In addition to RA, TNF-a antagonists may also be used in numerous pathological
conditions and diseases. Some proofs indicating the biological importance of TNF-a
were obtained by in vivo experiments in mice, in which mouse genes for TNF-a or its
receptor were Inactivated. Such animals are resistant to collagen-induced arthritis and
to endotoxin-caused shock. In animal assays where the TNF-a level was increased, a
chronic inflammatory polyarthritis occurred and its pathological picture was alleviated by
inhibitors of TNF-a production. The treatment of such inflammatory and pathological
conditions usually includes the application of non-steroid antiinflammatory drugs
(NSAIDs) and, in more severe cases, gold salts, D-penicillinamine or methotrexate are
administered. These drugs act symptomatically, but they do not stop the pathological

Process.
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Novel approaches in the therapy of rheumatoid arthritis are based upon drugs
such as tenidap, leflunomide, cyclosporin, FK-506 and upon biomolecules neutralizing
the TNF-a action. Commercially available therapies include etanercept (Enbrel®,
Immunex), a fusion protein of the soluble TNF-a receptor, and infliximab (Remicade®,
Centocor), a chimeric monoclonal human and mouse antibody. Additionally, etanercept

and infliximab are also registered for the therapy of Crohn's disease.

Compounds which inhibit the production of TNF-a are believed useful in a wide
variety of diseases and disorders through mechanism based therapeutic intervention.
TNF-a inhibitors are believed useful for diseases including but not limited to viral,
alcoholic, or drug-induced acute and fulminant hepatitis, hepatic steatosis, both alcoholic
and non-alcoholic, viral and non-viral hepatitis, hepatic cirrhosis, autoimmune hepatitis,
chronic active hepatitis, Wilson's disease, myasthenia gravis, idiopathic sprue,
autoimmune inflammatory bowel disease, ulcerative colitis, Crohn's disease,
inflammatory bowel diseases, endocrine ophthalmopathy, Grave's disease, sarcoidosis,
primary biliary cirrhosis, pancreatitis, nephritis, endotoxin shock, septic shock,
haemodynamic shock, sepsis syndrome, post ischemic reperfusion injury, malaria,
mycobacterial infection, meningitis, psoriasis, asthma, chronic obstructive pulmonary
disease (COPD), eosinophilia, congestive heart failure, fibrotic diseases, cystic fibrosis,
pulmonary fibrosis, hepatic fibrosis, renal fibrosis, cachexia, graft rejection, rejection by
transplantation, cancer, diseases involving angiogenesis, autoimmune diseases,
ankylosing spondylitis, autoimmune encephalomyelitis, autoimmune hematological
disorders, hemolytic anemia, aplastic anemia, pure red cell anemia, idiopathic
thrombocytopenia, systemic lupus erythematosus (SLE), polychondritis, scleroderma,
Wegener granulomatosis, dermatomyositis, Reiter's syndrome, non infection uveltis,
autoimmune keratitis, keratoconjunctivitis sicca, vernal keratoconjunctivitis, interstitial
lung fibrosis, psoriatic arthritis, psoriasis and other benign or malignant proliferative skin
diseases, atopic dermatitis, urticaria, neurodegenerative disorders, Parkinson's disease,
Alzheimer's disease, acute and chronic multiple sclerosis, cancer, viral infection, human
iImmunodeficiency virus (HIV), cachexia, thrombosis, skin inflammatory diseases,
osteoarthritis (OA), osteoporosis, RA, emphysema, chronic bronchiolitis, allergic rhinitis,
radiation damage, hyperoxic alveolar injury, periodontal disease, non-insulin dependent
diabetes mellitus (Type |l diabetes), and insulin dependent diabetes mellitus (Juvenile or

Type | diabetes).
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Phosphodiesterases (PDEs) comprise a superfamily of enzymes responsible for |
the hydrolysis and inactivation of the second messengers cyclic adenosine
monophosphate (CAMP) and cyclic guanosihe monophosphate (cGMP). Eleven
different PDE families have been identified to date (PDE1 to PDE11) which differ in
substrate preference, catalytic activity, sensitivity to endogenous activators and

inhibitors, and encoding genes.

The PDE4 isoenzyme family exhibits a high affinity for cyclic AMP but has weak
affinity for cyclic GMP. Increased cyclic AMP lévels caused by PDE4 inhibition are
associated with the suppression of cell activation in a wide range of inflammatory and
immune cells, including lymphocytes, macrophages, basophils, neutrophils, and
eosinophils. Moreover, PDE4 inhibition decreases the release of the cytokine Tumor
Necrosis Factor-alpha (TNF-a). |

In view of these physiological effects, PDE4 inhibitors of varied chemical

structures have been recently disclosed for the treatment or prevention of chronic and

-acute inflammatory diseases and of other pathological conditions, diseases and

disorders known to be susceptible to amelioration by inhibition of PDE4.

PDE4 inhibitors are thought to be useful in the treatment and/or prophylaxis of a variety of
diseases/condifions, especially inflammatory and/or allergic diseases, in mammals such
as humans, for example: asthma, chronic obstructive pulmonary disease (COPD) (e.g.
chronic bronchitis and/or emphysema), atopic dermatitis, urticaria, allergic rhinitis,
allergic conjunctivitis, vernal conjunctivitis, eosinophilic granuloma, psoriasis, rheumatoid
arthritis, septic shock, ulcerative colitis, Crohn's disease, reperfusion injury of the
myocardium and brain, chronic glomerulonephritis, endotoxic shock, adult respiratory
distress syndrome, multiple sclerosis, cognitive impairment {(e.g. in a neurological
disorder such as Alzheimer's disease), depression, or pain. Ulcerative colitis and/or

Crohn's disease are coliectively often referred to as inflammatory bowel disease.

SUMMARY OF THE INVENTION
The present invention includes a compound of Formula (l):



10

15

20

25

WO 2009/094528

or a salt thereof, wherein
A'is O or S;

A%is O or S;

Uis N or C—(CHz)uRU;
Vis N or C—(CH,),RY;
W is N or C—(CH,),,R";
X is N or C—(CH,)R”*;
Y is N or C—(CH,),R";
Z is N or C—(CH,),R*;
R"is —=(CH2),R*;

R? is —(CH,)sR>;

wherein

eachofq, s, u, v, w, X, y, and z individually is 0, 1, 2, 3, or 4;

CA 02711576 2010-07-07

A'I
R /u\ R
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X \ \ Az
|
W s /Z
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each of RY, R°, R”, RY, RY, R*, R, and R” is independently selected from the

group consisting of

alkyl;

alkyl substituted with one or more R*

alkenyl;
alkynyil;

aryl;

aryl substituted with one or more R?;

azido:;
cyano;

cycloalkyil;

cycloalkyl substituted with one or more R;
fused cycloalkylaryl substituted with one or more R"';
fused arylcycloalkyl substituted with one or more R*;

fused heterocyclyaryl substituted with one or more R";
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fused arylheterocyclyl substituted with one or more R™;
fused cycloalkylheteroaryl substituted with one or more R®;
fused heteroarylcycloalkyl substituted with one or more R";
fused heterocyclylheteroaryl substituted with one or more R";
fused heteroarylheterocyclyl substituted with one or more R";
halogen;
haloalkyl;
heterocyclyil;
heterocyclyl substituted with one or more R";
heteroaryl;
heteroaryl substituted with one or more R";
hydrogen;
-NR°R*,
-C(O)NR°R*;
-C(O)R>;
-C(O),R%;
-S(O)R’;
-OR?®; and
nitro;
wherein
each of R® and R* is independently selected from the group
consisting of H, acyl, alkyl, alkoxy, alkoxyalkyl, alkylsulfonyil,
aryl, cycloalkyl, heterocyclyl and heteroaryi;
ji1s 0, 1, or 2;
each R°, R®, R’, and R® is independently selected from the group
consisting of
hydrogen;
alkyl;
alkyl substituted with one or more R
alkenyl,
alkynyil;
alkoxy;
aryl;

aryl substituted with one or more R?;
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cycloalkyl;
cycloalkyl substituted with one or more R;
halogen;
haloalkyl;
d heterocyclyl;
heterocyclyl substituted with one or more R";
heteroaryl;
heteroaryl substituted with one or more R";
wherein each R? R® R", R” R”, R" R® R" R", R"™ and
10 R" is independently selected from the group consisting
of acyl, alkyl, alkenyl, alkynyl, alkoxy, amide, amino,
aryl, cyano, cycloalkyl, halogen, haloalkyl, haloalkoxy,
heteroaryl, hydroxy, nitro, -C(O)OR®, -SO,R", -SR™", -
C(O)R", —C(O)NR", -NH-S0,-R", -SO,-NR™R", and
15 —-S50,-CH,-SO,-CH3; and wherein
each R, R", R", R, R®R" R™ and R"is
iIndependently selected from the group
consisting of hydrogen, alkyl, alkenyl, alkynyl,
aryl, cycloalkyl, heterocyclyl, and heteroary!,
20 provided that when R' is hydrogen, R® is selected from the group consisting of
alkyl;
alkyl substituted with one or more R*;
alkenyl;
alkynyil;
25 aryl;
aryl substituted with one or more R?;
azido;
cyano;
cycloalkyil;
30 cycloalkyl substituted with one or more R;
fused cycloalkylaryl substituted with one or more R"';
fused arylcycloalkyl substituted with one or more R";
fused heterocyclyaryl substituted with one or more R":;

fused arylheterocyclyl substituted with one or more R™;
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fused cycloalkylheteroaryl substituted with one or more R®;
fused heteroarylcycloalkyl substituted with one or more R™;
fused heterocyclylheteroaryl substituted with one or more R”;
fused heteroarylheterocyclyl substifuted with one or more R™;
5 heterocyclyi;
heterocyclyl subsfituted with one or more R™;
heteroaryi; |
~ heteroaryl substituted with one or more R"™;
-NR°R%;
10 -C(OINR3R*
-C(O)R>;
-C(O)R%
-S(O)R";
-OR?® and
15 - nitro.

The present invention also provides pharmaceutical compositions comprising a

compound of Formula (1) or a salt thereof.

In another embodiment, the present invention provides methods for the
preparation of pharmaceutical compositions comprising a compound of Formula (1) or a
20  salt thereof. The pharmmaceutical compositions may further comprise a pharmaceutically

acceptable carnier, excipient, diluent, or mixture thereof.

25

~ Additional features of the present invention will be described hereinafter. Itis to
be understood that the invention is not limited in its application to the details set forth in

the foregoing or following description but is capable of other embodiments and of being

30  practiced or carried out in various ways.
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DETAILED DESCRIPTION OF THE INVENTION
The following definitions are meant to clarify, but not limit, the terms defined. If a
particular term used herein is not specificially defined, such term should not be

considered indefinite. Rather, terms are used within their accepted meanings.

As used herein the term "alkyl" refers to a straight or branched chain hydrocarbon
having one to twelve carbon atoms, which may be optionally substituted as herein further
described, with multiple degrees of substitution being allowed. Examples of "alkyl" as used
herein include, but are not limited to, methyl, ethyl, propyl, isopropyl, isobutyl, n-butyl,

tert-butyl, isopentyl, and n-pentyl.

As used throughout this specification, the number of atoms, such as carbon
atoms in an alkyl group, for example, will be represented by the phrase "C,-C, alkyl,”
which refers to an alkyl group, as herein defined, containing the from x to y, inclusive,
carbon atoms. Similar terminology will apply for other terms and ranges as well. One
embodiment of the present invention includes so-called lower’ alkyl chains of one to six

carbon atoms. Thus, C4-Cg alkyl represents a lower alkyl chain as hereabove described.

As used herein the term "alkenyl” refers to a straight or branched chain aliphatic
hydrocarbon having two to twelve carbon atoms and containing one or more carbon-to-
carbon double bonds, which may be optionally substituted as herein further described, with
multiple degrees of substitution being allowed. Examples of “alkenyl” as used herein

include, but are not limited to, vinyl, and allyl.

As used herein the term "alkynyl” refers to a straight or branched chain aliphatic
hydrocarbon having two to twelve carbon atoms and containing one or more carbon-to-
carbon triple bonds, which may be optionally substituted as herein further described, with
multiple degrees of substitution being allowed. An example of “alkynyl” as used herein

includes, but is not limited to, ethynyl.

As used herein, the term "alkylene” refers to a straight or branched chain divalent
hydrocarbon radical having from one to ten carbon atoms, which may be optionally
substituted as herein further described, with multiple degrees of substitution being allowed.
Examples of "alkylene" as used herein include, but are not limited to, methylene,

ethylene, n-propylene, and n-butylene.
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As used herein, the term "alkenylene" refers to a straight or branched chain
divalent hydrocarbon radical having from two to ten carbon atoms and containing one or
more carbon-to-carbon double bonds, which may be optionally substituted as herein
further described, with multiple degrees of substitution being allowed. Examples of
“alkenylene” as used herein include, but are not limited to, vinylene, allylene, and 2-

propenylene.

As used herein, the term "alkynylene" refers to a straight or branched chain
divalent hydrocarbon radical having from two to ten carbon atoms and containing one or
more carbon-to-carbon triple bonds, which may be optionally substituted as herein further
described, with multiple degrees of substitution being allowed. An example of "alkynylene”

as used herein includes, but is not limited to, ethynylene.

As used herein, the term "cycloalkyl" refers to an optionally substituted non-
aromatic, three- to twelve-membered, cyclic hydrocarbon ring, optionally containing one
or more degrees of unsaturation, which may be optionally substituted as herein further
described, with multiple degrees of substitution being allowed. Exemplary "cycloalkyl"
groups as used herein include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, and cycloheptyl, as well as rings containing one or more degrees of
unsaturation but short of aromatic, such as cyclopropenyl, cyclobutenyl, cyclopentenyl,

cyclohexenyl, and cycloheptenyl.

As used herein, the term "cycloalkylene" refers to a divalent, non-aromatic
cyclic hydrocarbon ring, which may be optionally substituted as herein further described,
with multiple degrees of substitution being allowed. Exemplary "cycloalkylene” groups
include, but are not limited to, cyclopropylene, cyclobutylene, cyclopentylene,
cyclohexylene, cycloheptylene, and substituted versions thereof. The term is intended to
encompass divalent rings having different points of attachment as well as a common point

of attachment, which connecting atom may also be referred to as “spiroatom.”

As used herein, the term "heterocycle” or "heterocyclyl” refers to an optionally
substituted mono- or polycyclic ring system, optionally containing one or more degrees
of unsaturation and also containing one or more heteroatoms, which may be
optionally substituted as herein further described, with multiple degrees of substitution being

allowed. Exemplary heteroatoms include nitrogen, oxygen, or sulfur atoms,

10



10

15

20

25

CA 02711576 2010-07-07
WO 2009/094528 PCT/US2009/031819

including N-oxides, sulfur oxides, and sulfur dioxides. Typically, the ring Is three
to twelve-membered and is either fully saturated or has one or more degrees of
unsaturation. Such rings may be optionally fused to one or more of another
heterocyclic ring(s), cycloalkyl ring(s), aryl groups (as defined below) or heteroaryl
groups (as defined below). Examples of "heterocyclic" groups as used herein
include, but are not limited to, tetrahydrofuran, pyran, 1,4-dioxane, 1,3-dioxane,

piperidine, pyrrolidine, morpholine, tetrahydrothiopyran, and tetrahydrothiophene.

As used herein, the term "aryl” refers to a univalent aromatic ring or fused
ring system, which may be optionally substituted as herein further described, with multiple
degrees of substitution being allowed. Examples of "aryl" groups as used include, but

are not limited to, phenyl, 2-naphthyl, 1-naphthyl, anthracene, and phenanthrene.

As used herein, the term "heteroaryl” refers to a monocyclic five to seven
membered aromatic ring, or to a fused bicyclic aromatic ring system comprising two
of such aromatic rings, which may be optionally substituted as herein further described,
with multiple degrees of substitution being allowed. These heteroaryl rings contain one
or more nitrogen, sulfur, and/or oxygen atoms, where N-oxides, sulfur oxides, and
dioxides are permissible heteroatom substitutions. Examples of "heteroaryl" groups
as used herein include, but should not be limited to, furan, thiophene, pyrrole,
Imidazole, pyrazole, triazole, tetrazole, thiazole, oxazole, isoxazole, oxadiazole,
thiadiazole, isothiazole, pyridine, pyridazine, pyrazine, pyrimidine, quinoline,
Isoquinoline, benzofuran, benzodioxolyl, benzothiophene, indole, indazole,

benzimidizolyl, imidazopyridinyl, pyrazolopyridinyl, and pyrazolopyrimidinyl.

As used herein, the term "fused cycloalkylaryl” refers to one or two cycloalkyl
groups fused to an aryl group, the aryl and cycloalkyl groups having two atoms Iin
common, and wherein the aryl group is the point of substitution. Examples of "fused

cycloalkylaryl" used herein include 5-indanyl, 5,6,7,8-tetrahydro-2-naphthy!,

and the like.

11
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As used herein, the term "fused arylcycloalkyl" refers to one or two aryl groups
fused to a cycloalkyl group, the cycloalkyl and aryl groups having two atoms in common,
and wherein the cycloalkyl group is the point of substitution. Examples of "fused
arylcycloalkyl” used herein include 1-indanyl, 2-indanyl, 9-fluorenyl, 1-(1,2,3,4-

5>  tetrahydronaphthyl),

and the like.

As used herein, the term "fused heterocyclylaryl” refers to one or two heterocyclyl
groups fused to an aryl group, the aryl and heterocyclyl groups having two atoms in
10 common, and wherein the aryl group is the point of substitution. Examples of "fused

heterocyclylaryl” used herein include 3,4-methylenedioxy-1-phenyl,

and the like.

As used herein, the term "fused arylheterocyclyl” refers to one or two aryl groups
15  fused to a heterocyclyl group, the heterocyclyl and aryl groups having two atoms in
common, and wherein the heterocyclyl group is the point of substitution. Examples of

"fused arylheterocyclyl" used herein include 2-(1,3-benzodioxolyl),

- -
--,...‘

and the like.

12
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As used herein, the term "fused cycloalkylheteroaryl” refers to one or two
cycloalkyl groups fused to a heteroaryl group, the heteroaryl and cycloalkyl groups
having two atoms in common, and wherein the heteroaryl group is the point of
substitution. Examples of "fused cycloalkylheteroaryl" used herein include 5-aza-6-

indanyl,

and the like.

As used herein, the term "fused heteroarylcycloalkyl” refers to one or two
heteroaryl groups fused to a cycloalkyl group, the cycloalkyl and heteroaryl groups
having two atoms in common, and wherein the cycloalkyl group Is the point of
substitution. Examples of "fused heteroarylcycloalkyl" used herein include 5-aza-1-

indanyl,

and the like.

As used herein, the term "fused heterocyclylheteroaryl” refers to one or two

heterocyclyl groups fused to a heteroaryl group, the heteroaryl and heterocyclyl groups

having two atoms in common, and wherein the heteroaryl group Is the point of
substitution. Examples of "fused heterocyclylheteroaryl” used herein include 1,2,3,4-

tetrahydro-beta-carbolin-8-yl,

13
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and the like.

As used herein, the term "fused heteroarylheterocyclyl" refers to one or two
heteroaryl groups fused to a heterocyclyl group, the heterocyclyl and heteroaryl groups
having two atoms in common, and wherein the heterocyclyl group is the point of
substitution. Examples of "fused heteroarylheterocyclyl” used herein include -5-aza-2,3-

dihydrobenzofuran-2-vl,

and the like.

As used herein the term "alkoxy" refers to a group -OR?, where R is alkyl as

defined above.

As used herein the term "halogen” refers to fluorine, chlorine, bromine, or

lodine.

As used herein the term "haloalkyl" refers to an alkyl group, as defined herein, that
s substituted with at least one halogen. Examples of branched or straight chained
"haloalkyl” groups as used herein include, but are not limited to, methyl, ethyl, propvl,
iIsopropyl, n-butyl, and t-butyl substituted independently with one or more halogens, for
example, fluoro, chloro, bromo, and iodo. The term "haloalkyl” should be interpreted to

iInclude such substituents as perfluoroalkyl groups such as —CF.

As used herein, the term "haloalkylene” refers to a straight or branched chain
divalent hydrocarbon radical, substituted with at least one halogen. The temr should be

interpreted to include perfluoroalkylene groups such as —CF,-.

As used herein, the term “haloalkoxy” refers to a group —OR®, where R® is a
haloalkyl group as herein defined. As non-limiting examples, haloalkoxy groups include
-O(CHQ)F, -O(CH)FQ, and —OCF3.

14
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As used herein the term "nitro" refers to a group -NO..
As used herein the term "cyano” refers to a group -CN.
As used herein the term "azido" refers to a group -N.

As used herein the term “amide” refers to a group —C(O)NR?R” or —-NR?*C(O)-, where
each R? and R” individually is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heterocylcyl,

or heteroaryl.

As used herein “amino” refers to a group -NR?R”°, where each of R? and R”
individually is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heterocylcyl, or heteroaryl.
As used herein, when either R? or R” is other than hydrogen, such a group may be referred

to as a “substituted amino” or, for example if R? is H and R” is alkyl, as an "alkylamino.”

As used herein, the term "acyl" refers to a group —C(O)R®, where R? is hydrogen,

alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heterocyclyl, or heteroaryl.
As used herein, the term "hydroxyl” refers to a group —OH.

As used herein, the term “substituted” refers to substitution of one or more
hydrogens of the designated moiety with the named substituent or substituents, multiple
degrees of substitution being allowed unless otherwise stated, provided that the
substitution results in a stable or chemically feasible compound. A stable compound or
chemically feasible compound is one in which the chemical structure is not substantially
altered when kept at a temperature from about -80°C to about +40°C, in the absence of
moisture or other chemically reactive conditions, for at least a week, or a compound
which maintains its integrity long enough to be useful for therapeutic or prophylactic
administration to a patient. As used herein, the phrase "substituted with one or more..."
refers to a number of substituents that equals from one to the maximum number of
substituents possible based on the number of available bonding sites, provided that the

above conditions of stability and chemical feasibility are met.

The present invention includes a compound of Formula (1):
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or a salt thereof, wherein
A'is O or S;

A%is O or S;

Uis N or C—(CHz)uRU;
Vis N or C—(CH,),RY;
W is N or C—(CH,),,R";
X is N or C—(CH,)R”*;
Y is N or C—(CH,),R";
Z is N or C—(CH,),R*;
R"is —=(CH2),R*;

R? is —(CH,)sR>;

wherein

eachofq, s, u, v, w, X, y, and z individually is 0, 1, 2, 3, or 4;

CA 02711576 2010-07-07

A'I
R /u\ R
Y.
X \ \ Az
|
W s /Z
\V U/ (1)

PCT/US2009/031819

each of RY, R°, R”, RY, RY, R*, R, and R” is independently selected from the

group consisting of

alkyl;

alkyl substituted with one or more R*

alkenyl;
alkynyil;

aryl;

aryl substituted with one or more R?;

azido:;
cyano;

cycloalkyil;

cycloalkyl substituted with one or more R;
fused cycloalkylaryl substituted with one or more R"';
fused arylcycloalkyl substituted with one or more R*;

fused heterocyclyaryl substituted with one or more R";
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fused arylheterocyclyl substituted with one or more R™;
fused cycloalkylheteroaryl substituted with one or more R®;
fused heteroarylcycloalkyl substituted with one or more R";
fused heterocyclylheteroaryl substituted with one or more R";
fused heteroarylheterocyclyl substituted with one or more R";
halogen;
haloalkyl;
heterocyclyil;
heterocyclyl substituted with one or more R";
heteroaryl;
heteroaryl substituted with one or more R";
hydrogen;
-NR°R*,
-C(O)NR°R*;
-C(O)R>;
-C(O),R%;
-S(O)R’;
-OR?®; and
nitro;
wherein
each of R® and R* is independently selected from the group
consisting of H, acyl, alkyl, alkoxy, alkoxyalkyl, alkylsulfonyil,
aryl, cycloalkyl, heterocyclyl and heteroaryi;
ji1s 0, 1, or 2;
each R°, R®, R’, and R® is independently selected from the group
consisting of
hydrogen;
alkyl;
alkyl substituted with one or more R
alkenyl,
alkynyil;
alkoxy;
aryl;

aryl substituted with one or more R?;
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cycloalkyl;
cycloalkyl substituted with one or more R;
halogen;
haloalkyl;
d heterocyclyl;
heterocyclyl substituted with one or more R";
heteroaryl;
heteroaryl substituted with one or more R";
wherein each R? R® R", R” R”, R" R® R" R", R"™ and
10 R" is independently selected from the group consisting
of acyl, alkyl, alkenyl, alkynyl, alkoxy, amide, amino,
aryl, cyano, cycloalkyl, halogen, haloalkyl, haloalkoxy,
heteroaryl, hydroxy, nitro, -C(O)OR®, -SO,R", -SR™", -
C(O)R", —C(O)NR", -NH-S0,-R", -SO,-NR™R", and
15 —-S50,-CH,-SO,-CH3; and wherein
each R, R", R", R, R®R" R™ and R"is
iIndependently selected from the group
consisting of hydrogen, alkyl, alkenyl, alkynyl,
aryl, cycloalkyl, heterocyclyl, and heteroary!,
20 provided that when R' is hydrogen, R® is selected from the group consisting of
alkyl;
alkyl substituted with one or more R*;
alkenyl;
alkynyil;
25 aryl;
aryl substituted with one or more R?;
azido;
cyano;
cycloalkyil;
30 cycloalkyl substituted with one or more R;
fused cycloalkylaryl substituted with one or more R"';
fused arylcycloalkyl substituted with one or more R";
fused heterocyclyaryl substituted with one or more R":;

fused arylheterocyclyl substituted with one or more R™;
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fused cycloalkylheteroaryl substituted with one or more R";
fused heteroarylcycloalkyl substituted with one or more R";
fused heterocyclylheteroaryl substituted with one or more R";
fused heteroarylheterocyclyl substituted with one or more R"™;
d heterocyclyl;
heterocyclyl substituted with one or more R"™;
heteroaryil;
heteroaryl substituted with one or more R";
-NR°R*:
10 -C(O)NR°R*:
-C(O)R>;
-C(O),R";
-S(O)R";
-OR?® and

15 nitro.

In one embodiment, U is N.
In another embodiment, A' is O.
In another embodiment, A% is O.
20 In another embodiment, both A' and A® are O.
In another embodiment x Is zero.
In another embodiment y is zero.

In another embodiment, V is C—(CH,),R"; W is C—(CH,),R"; X is C—(CH,)R™; Y
is C—(CH,),R"; and Z is C—(CH,),R".

25 In another embodiment, V is C-(CH,),R", R is halogen or —O-CHs; and v is zero.

In another embodiment, X is C-(CH,),R", R* is halogen or hydrogen and x is

Zer0.
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In another embodiment, at least one of v, w and z is 1. In another embodiment,
at least one of R, R* and R" is halogen. In another embodiment, w is zero and R" is

chloro or fluoro. In another embodiment, x is zero and R” is chloro or fluoro.

In another embodi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>