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& or visceral, inflammatory, and neurogenic pain; as well as osteoporosis, Paget’s disease, and other diseases in which bone resorp-
@ tion mediates morbidity including rheumatoid arthritis, and other forms of inflammatory arthritis, osteoarthritis, prosthesis failure,

osteolytic sarcoma, myeloma, and tumor metastasis to bone.
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HETEROCYCLIC COMPOUNDS AS INHIBITORS OF C-FMS KINASE

CROSS REFERENCE TO RELATED APPLICATION

This application claims priority from United States Provisional Applications Serial
Nos. 60/793,697, filed on April 20, 2006, and 60/883,539, filed January 5, 2007, the
contents of both of which are hereby incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

The invention relates to novel compounds that function as protein tyrosine kinase
inhibitors. More particularly, the invention relates to novel compounds that function as
inhibitors of c-fms kinase.

Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common
general knowledge in the field.

Protein kinases are enzymes that serve as key components of signal transduction
pathways by catalyzing the transfer of the terminal phosphate from adenosine 5°-
triphosphate (ATP) to the hydroxy group of tyrosine, serine and threonine residues of
proteins. As a consequence, protein kinase inhibitors and substrates are valuable tools for
assessing the physiological consequences of protein kinase activation. The overexpression
or inappropriate expression of normal or mutant protein kinases in mammals has been
demonstrated to play significant roles in the development of many diseases, including
cancer and diabetes.

Protein kinases can be divided into two classes: those which preferentially
phosphorylate tyrosine residues (protein tyrosine kinases) and those which preferentially
phosphorylate serine and/or threonine residues (protein serine/threonine kinases). Protein
tyrosine kinases perform diverse functions ranging from stimulation of cell growth and
differentiation to arrest of cell proliferation. They can be classified as either receptor
protein tyrosine kinases or intracellular protein tyrosine kinases. The receptor protein
tyrosine kinases, which possess an extracellular ligand binding domain and an intracellular
catalytic domain with intrinsic tyrosine kinase activity, are distributed among 20

subfamilies.
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Receptor tyrosine kinases of the epidermal growth factor (“EGF”’) family, which
includes HER-1, HER-2/neu and HER-3 receptors, contain an extracellular binding
domain, a transmembrane domain and an intracellular cytoplasmic catalytic domain.
Receptor binding leads to the initiation of multiple intracellular tyrosine kinase dependent
phosphorylation processes, which ultimately results in oncogene transcription. Breast,
colorectal and prostate cancers have been linked to this family of receptors.

Insulin receptor (“IR”) and insulin-like growth factor I receptor (“IGF-1R”) are
structurally and functionally related but exert distinct biological effects. IGF-1R over-
expression has been associated with breast cancer.

Platelet derived growth factor (“PDGF”) receptors mediate cellular responses that
include proliferation, migration and survival and include PDGFR, the stem cell factor
receptor (c-kit) and c-fms. These receptors have been linked to diseases such as
atherosclerosis, fibrosis and proliferative vitreoretinopathy.

Fibroblast growth factor (“FGR”) receptors consist of four receptors which are
responsible for the production of blood vessels, for limb outgrowth, and for the growth and
differentiation of numerous cell types.

Vascular endothelial growth factor (“VEGF”), a potent mitogen of endothelial
cells, is produced in elevated amounts by many tumors, including ovarian carcinomas.
The known receptors for VEGF are designated as VEGFR-1 (Flt-1), VEGFR-2 (KDR),
VEGFR-3 (Flt-4). A related group of receptors, tie-1 and tie-2 kinases, have been
identified in vascular endothelium and hematopoietic cells. VEGF receptors have been
linked to vasculogenesis and angiogenesis.

Intracellular protein tyrosine kinases are also known as non-receptor protein
tyrosine kinases. Over 24 such kinases have been identified and have been classified into
11 subfamilies. The serine/threonine protein kinases, like the cellular protein tyrosine
kinases, are predominantly intracellular.

Diabetes, angiogenesis, psoriasis, restenosis, ocular diseases, schizophrenia,
rheumatoid arthritis, cardiovascular disease and cancer are exemplary of pathogenic
conditions that have been linked with abnormal protein tyrosine kinase activity. Thus, a
need exists for selective and potent small-molecule protein tyrosine kinase inhibitors. U.S.

Patent Nos. 6,383,790; 6,346,625; 6,235,746, 6,100,254 and PCT International
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Applications WO 01/47897, WO 00/27820 and WO 02/068406 are indicative of recent

attempts to synthesize such inhibitors.

SUMMARY OF THE INVENTION
The invention addresses the current need for selective and potent protein tyrosine
kinase inhibitors by providing potent inhibitors of c-fms kinase. The invention is directed

to the novel compounds of Formula I:

OYW
Z ~ NH
X~ N7 R2

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, wherein:

4
HN’\SR\ HNT)\ [>\
AR Eg/QR“ Y A >\R4
H

wherein R* = H, F, Cl, Br, I, OH, OCH3, OCH,CHj, -C(1.3alkyl, -CO,R’, CONR°R’,
C-CR®, or CN;
wherein R° = H, or -C(i.3)alkyl;

R®= H, or -C(i.3)alkyl;
R’ = H, or -C(;_3jalkyl; and
R® = H, -CH,0H, or -CH,CH,OH;

R*is cycloalkyl (including cyclohexenyl, and cycloheptenyl), spiro-substituted
cycloalkenyl (including spiro[2.5]oct-5-enyl, spiro[3.5]non-6-enyl, spiro[4.5]dec-7-
enyl, and spiro[5.5]undec-2-enyl) heterocyclyl (including piperidinyl),
spirosubstituted piperidinyl (including 3-aza-spiro[5.5]undecanyl , and 8-aza-
spiro[4.5]decanyl), thiophenyl, dihydrosulfonopyranyl, phenyl, furanyl,
tetrahydropyridyl, or dihydropyranyl, any of which may be independently
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substituted with one or two of each of the following: chloro, fluoro, hydroxy C;.
yalkyl, and C(,4)alkyl (said substituted cycloalkyls include 4,4-dimethyl
cyclohexenyl, 4,4-diethyl cyclohexenyl, 4-methyl cyclohexenyl, 4-ethyl
cyclohexenyl, 4-n-propyl cyclohexenyl, 4-iso-propyl cyclohexenyl, and 4-tert-butyl
cyclohexenyl; said substituted piperidinyls include 4-methyl piperidinyl, 4-ethyl
piperidinyl, 4-(1’hydroxyeth-2’yl)piperidinyl, and 4,4 dimethyl piperidinyl);

X is selected from the group consisting of:

(o) zg; R \ /jlcS R‘l\ HL;
, R10 ,

//\\
0 , R

Rl ;\Kf

,and

R‘°

wherein R' and R'? are independently is H, -CH3 or—C;to Csalkyl optionally substituted
with 1 or 2 of: Me, Et, OH, NH,, NHMe, NMe;, NHEt, NEt,, pyrrolidinyl, pyridyl,
morpholino, CONH,, or COOH and such that when any two heteroatoms are
attached to said C; to Cs alkyl group there exists at least two carbon atoms between
them, and

R’ is ~S0;Me, SO,Et, —-CO;R’, -NO,, or CN;
wherein R° = H, or C(1.3)alkyl;

Zis H, F, Cl, Br, C,-C; alkyl or -CH,0H; and

JisCHorN.
According to a second aspect, the present invention provides a compound selected

from the group consisting of:
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or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof

5 According to a third aspect, the present invention provides a compound which is
CN
s 1
SAe
SN 0] H
NC\N/)\N

4m
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or a solvate, hydrate, tautomer, or pharmaceutically acceptable salt thereof.

According to a fourth aspect, the present invention provides a pharmaceutical
composition, comprising a compound of the first aspect and a pharmaceutically acceptable
carrier.

According to a fifth aspect, the present invention provides a pharmaceutical dosage
form comprising a pharmaceutically acceptable carrier and from about 0.5 mg to about 10 g
of at least one compound of the first aspect.

According to a sixth aspect, the present invention provides a method of treating
inflammation in a mammal, comprising administering to the mammal a therapeutically
effective amount of at least one compound of the first aspect.

According to a seventh aspect, the present invention provides a method of treating
cancer in a mammal, comprising administering to the mammal a therapeutically effective
amount of at least one compound of any one of the first aspect.

According to an eighth aspect, the present invention provides a method of treating
cardiovascular disease in a mammal, comprising administering to the mammal a
therapeutically effective amount of at least one compound of the first aspect.

According to a ninth aspect, the present invention provides a method of treating a
disease with an inflammatory component in a mammal, wherein the disease is selected from
the group consisting of: glomerulonephritis, inflammatory bowel disease, prosthesis failure,
sarcoidosis, congestive obstructive pulmonary disease, idiopathic pulmonary fibrosis,
asthma, pancreatitis, HIV infection, psoriasis, diabetes, tumor-related angiogenesis, age-
related macular degeneration, diabetic retinopathy, restenosis, schizophrenia and
Alzheimer’s dementia, comprising administering to the mammal a therapeutically effective
amount of at least one compound of the first aspect.

According to a tenth aspect, the present invention provides a method of treating pain
selected from the group consisting of: skeletal pain caused by tumor metastasis or
osteoarthritis, visceral, inflammatory, and neurogenic pain, in a mammal, comprising
administering to the mammal in need of such treatment a therapeutically effective amount
of at least one compound of the first aspect.

According to an eleventh aspect, the present invention provides a method of treating

4n
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osteoporosis, Paget's disease, or another disease in which bone resorption mediates
morbidity including rheumatoid arthritis, and other forms of inflammatory arthntis,
osteoarthritis, prosthesis failure, osteolytic sarcoma, myeloma, and tumor metastasis to
bone, comprising administering to a mammal in need of such treatment a therapeutically
effective amount of at least one compound of the first aspect.

According to a twelfth aspect, the present invention provides a method of treating
and/or preventing metastasis from ovarian cancer, uterine cancer, breast cancer, prostate
cancer, lung cancer, colon cancer, stomach cancer, and hairy cell leukemia in a mammal,
comprising administering to the mammal in need of such treatment a therapeutically
effective amount of at least one compound of the first aspect.

According to a thirteenth aspect, the present invention provides a method of treating
an autoimmune disease selected from the group consisiting of: systemic lupus
erythematosus, rheumatoid arthritis, and other forms of inflammatory arthritis, psoriasis,
Sjogren's syndrome, multiple sclerosis, and uveitis in a mammal, comprising administering
to the mammal in need of such treatment a therapeutically effective amount of at least one
compound of the first aspect.

According to a fourteenth aspect, the present invention provides use of a compound
of the first aspect in the preparation of a medicament for: treating inflammation in a
mammal; treating cancer in a mammal; treating cardiovascular disease in a mammal;
treating a disease with an inflammatory component in a mammal, wherein the disease is
selected from the group consisting of glomerulonephritis, inflammatory bowel disease,
prosthesis failure, sarcoidosis, congestive obstructive pulmonary disease, idiopathic
pulmonary fibrosis, asthma, pancreatitis, HIV infection, psoriasis, diabetes, tumor-related
angiogenesis, age-related macular degeneration, diabetic retinopathy, restenosis,
schizophrenia and Alzheimer’s dementia; treating pain selected from the group consisting of
skeletal pain caused by tumor metastasis or osteoarthritis, visceral, inflammatory, and
neurogenic pain; treating osteoporosis, Paget's disease, or another disease in which bone
resorption mediates morbidity including rheumatoid arthritis, and other forms of
inflammatory arthritis, osteoarthritis, prosthesis failure, osteolytic sarcoma, myeloma, and

tumor metastasis to bone; treating and/or preventing metastasis from ovarian cancer, uterine

40
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cancer, breast cancer, prostate cancer, lung cancer, colon cancer, stomach cancer, and hairy
cell leukemia in a mammal; treating an autoimmune disease selected from the group
consisiting of systemic lupus erythematosus, rheumatoid arthritis, and other forms of
inflammatory arthritis, psoriasis, Sjogren's syndrome, multiple sclerosis, and uveitis in a

mammal.

Herein and throughout this application, the terms “Me”, “Et”, “Pr”, and “Bu” refer to

methyl, ethyl, propyl, and butyl respectively.

Unless the context clearly requires otherwise, throughout the description and the claims, the
words “comprise”, “comprising”, and the like are to be construed in an inclusive sense as
opposed to an exclusive or exhaustive sense; that is to say, in the sense of “including, but

not limited to”.

DETAILED DESCRIPTION OF THE INVENTION

The invention is directed to the novel compounds of Formula I
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z ~ NH
X~ N7 OR?
I

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, wherein:

W is

R4
HN HN N-N
i%¥;§\R4’ g}¥:§\R4 | gﬁ[;§\R4lor 5 A PR

H

wherein R* = H, F, Cl, Br, I, OH, OCH; OCH,CHj, -C;_3alkyl, -CO,R’, CONR°R’,

R%is

C-CR®, or CN;
wherein R’ = H, or -C(,_3jalkyl;

R® = H, or -Ci_3)alkyl;

R’ = H, or -C(;.3)alkyl; and

R® = H, -CH,0H, or -CH,CH,OH;
cycloalkyl (including cyclohexenyl, and cycloheptenyl), spiro-substituted
cycloalkenyl (including spiro[2.5]oct-5-ene, spiro[3.5]non-6-ene, spiro[4.5]dec-7-
ene, and spiro[5.5]Jundec-2-ene) heterocyclyl (including piperidinyl),
spirosubstituted piperidinyl (including 3-aza-spiro[5.5]undecane , and 8-aza-
spiro[4.5]decane), thiophenyl, dihydrosulfonopyranyl, phenyl, furanyl,
tetrahydropyridyl, or dihydropyranyl, any of which may be independently
substituted with one or two of each of the following: chloro, fluoro, hydroxy C;.
salkyl, and C(;.4yalkyl (said substituted cycloalkyls include 4,4-dimethyl
cyclohexenyl, 4,4-diethyl cyclohexenyl, 4-methyl cyclohexenyl, 4-ethyl
cyclohexenyl, 4-n-propyl cyclohexenyl, 4-iso-propyl cyclohexenyl, and 4-tert-butyl
cyclohexenyl; said substituted piperidinyls include 4-methyl piperidinyl, 4-cthyl
piperidinyl, 4-(1’hydroxyeth-2’yl)piperidinyl, and 4,4 dimethyl piperidinyl);

X is selected from the group consisting of:
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o s R\ ﬁf&) R\ /jﬁ,?
N
R1p/ R1/ //\
’ '1o ‘

o R
1 P
RN o/t]%
3
‘\N4L\N , and o‘l\o
||21°

wherein R' and R'” are independently H, ~CH3  or —C; to Cs alkyl optionally substituted
with one or two of: Me, Et, OH, NH,, NHMe, NMe,, NHEt, NEt,, pyrrolidinyl,
pyridyl, morpholino, CONH,, or COOH and such that when any two heteroatoms

5 are attached to said C, to Cs alkyl group there exists at least two carbon atoms

between them, and

R* is -SO,Me, SO,Et, ~-CO;R’, -NO,, or -CN;
wherein R’ = H, or C1.3jalkyl;

Zis H, F, Cl, Br, C;-C; alkyl or -CH,OH; and

10 JisCHorN.

In a preferred embodiment of the invention:
HN
\ HN \ I\ HN-N
=N \
W is ’k\ =N \ =N 1%13\\ ,}%/k\N>\iN‘
HN
o iﬂg:>\f3N



WO 2007/124316 PCT/US2007/066860

ESHNe oSN o Ne

OO O 0 OF
) “%”C( N aOI ?;OL ,
aOO zQD, 5 5N a@

X is selected from the group consisting of:

© % RN B % RS ;
Rj(;;( Roj\/N\j RV/j/ R:N\/\jﬁ?

X "N
o ,'?10 , //\ ’ O l|?1°
1 s
Y gy
3
\N/)\N , and O)\O
I'?m

wherein R' and R'” are independently H, ~CH3  or —C; to Cs alkyl optionally substituted
5 with 1 or 2 of: Me, Et, OH, NH,, NHMe, NMe,, NHEt, NEt,, pyrrolidinyl, pyridyl,

morpholino, CONH,, or COOH and such that when any two heteroatoms are
attached to said C, to Csalkyl group there exists at least two carbon atoms between
them, and

R’ is ~SO,Me, SO,Et, -CO,R’, -NO,, or -CN;

10 wherein R’ = H, or C(;.3alkyl;
Z is H, F, Cl, Br, C,-C; alkyl or -CH,OH; and
JisCHorN;

as well as solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.
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In another embodiment of the invention:

|
L Vo a
W is N ls,/[(}\ir\l , ﬁ;k\,\P\:N

%"O) 'g'\OO fs,”d/or ﬁf@ ;

X is selected from the group consisting of:

Y RL
R1j;‘j r-N /j :N\/\j

/’ o0 O 1y
R1\N L o/\/ﬁi
L L X

wherein R' is H, -CH3  or —C; to Cs alkyl optionally substituted with one or two of: Me, Et,
OH, NH,, NHMe, NMe,, NHEt, NEt,, pyrrolidinyl, pyridyl, morpholino, CONH,,
or COOH and such that when any two heteroatoms are attached to said C,to Cs
alkyl group there exists at least two carbon atoms between them, and

R’ is -SO,Me, SO,Et, -CO,R’, -NO,, or -CN;
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wherein R’ =H, or Ca-palkyl;
Z is H, C,-Cs alkyl or -CH,OH; and
JisCHorN;

and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.

5
In another embodiment of the invention:
CI
HN‘{\ _
WY S, sz\ =
HN
‘g\ \
/g\ ,or 37—% NS tN ’
Riis %‘i ,%’C , jz(@% y@o‘
agzﬁ y! j:ﬁ%@Q
O oNex
YSOINO NSNSy
3”7 ,or ’719/@ ;
Z is H, or -CH,0H;
10 Jis CH;
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X is selected from the group consisting of
O

O 719’ R \ W\ -

1N /j)% OZ|S/j}S
R - R1/N\S\

o Jo

1 4
oY )

O:// N J\

o |:Ig1 , and R’

wherein R' is H, -CH,CHs, -CH,CH,OH, or -CH3; and
R? is ~S0,CH;, -CO,CH3, -NO,, or -CN;

and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.

In another embodiment of the invention:

HINR HN
H%/k\’;>\tN or ﬁ%@\iN

Wis
R is ’5{@ %/OL
, - , or

Z is H, or -CH,0H;
Ji1s CH;

X is selected from the group consisting of
O - R
% e /j/aQ R N /\/fg7 \N j};
R1/N )\ :S N/ N
(0] , , Il_\’1 :

wherein R is H, or -CH3; and
R? is ~SO,CHs, or —-CN;

and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.

An embodiment of the invention is compounds selected from the group consisting of the

compounds of Examples 1 and 3 to 53, solvates, hydrates, tautomers and pharmaceutically

acceptable salts of these compounds, and any combination thereof.
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Still another embodiment is compounds selected from the group consisting of:
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and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof. The

compounds of this embodiment are in Examples 1-15.

Yet another embodiment is a compound selected from the group consisting of:

5
N

@ / )
H ","\{ H
NYKN N\io

O H O H

0O 0 ~N N N~
HN 7%
0PN
o) ) | NC

2

o (O
s

H ",‘ N\ Ho N
O Nm/kN O NTKKN
H H
\'I\l (@] \N (6]
O=
SN O)\N
| I

10
and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof. The

compounds of this embodiment are in Examples 3, 8,9, and 11.

Another embodiment is the compound
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SN

NC.. A

1

and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof. The

compound of this embodiment is Example 54.

The invention also relates to methods of inhibiting protein tyrosine kinase activity
in a mammal by administration of a therapeutically effective amount of at least one
compound of Formula I. A preferred tyrosine kinase is c-fms.

The invention is considered to include the enantiomeric, diastereomeric and
tautomeric forms of all compounds of Formula I as well as their racemic mixtures. In
addition, some of the compounds represented by Formula I may be prodrugs, i.e.,
derivatives of an acting drug that possess superior delivery capabilities and therapeutic
value as compared to the acting drug. Prodrugs are transformed into active drugs by in

vivo enzymatic or chemical processes.

Definitions

The term “alkyl” refers to both linear and branched chain radicals of up to 12
carbon atoms, preferably up to 6 carbon atoms, unless otherwise indicated, and includes,
but is not limited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, isopentyl, hexyl, isohexyl, heptyl, octyl, 2,2,4-trimethylpentyl, nonyl, decyl,
undecyl and dodecyl.

The term “hydroxyalkyl” refers to both linear and branched chain radicals of up to
6 carbon atoms, in which one hydrogen atom has been replaced with an OH group.

The term “hydroxyalkylamino” refers to an hydroxyalkyl group in which one
hydrogen atom from the carbon chain has been replaced with an amino group, wherein the

nitrogen is the point of attachment to the rest of the molecule.
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The term “cycloalkyl” refers to a saturated or partially unsaturated ring composed
of from 3 to 8 carbon atoms. Up to four alkyl substituents may optionally be present on
the ring. Examples include cyclopropyl, 1,1-dimethyl cyclobutyl, 1,2,3-
trimethylcyclopentyl, cyclohexyl, cyclopentenyl, cyclohexenyl, and 4,4-dimethyl
cyclohexenyl.

The term “aminoalkyl” refers to at least one primary or secondary amino group
bonded to any carbon atom along an alkyl chain, wherein an alkyl group is the point of
attachment to the rest of the molecule.

The term “alkylamino” refers to an amino with one alkyl substituent, wherein the
amino group is the point of attachment to the rest of the molecule.

The term “dialkylamino” refers to an amino with two alkyl substituents, wherein
the amino group is the point of attachment to the rest of the molecule.

The term “heteroaromatic” or “‘heteroaryl” refers to 5- to 7-membered mono- or &-
to 10-membered bicyclic aromatic ring systems, any ring of which may consist of from one
to four heteroatoms selected from N, O or S where the nitrogen and sulfur atoms can exist
in any allowed oxidation state. Examples include benzimidazolyl, benzothiazolyl,
benzothienyl, benzoxazolyl, furyl, imidazolyl, isothiazolyl, isoxazolyl, oxazolyl, pyrazinyl,
pyrazolyl, pyridyl, pyrimidinyl, pyrrolyl, quinolinyl, thiazolyl and thienyl.

The term “heteroatom” refers to a nitrogen atom, an oxygen atom or a sulfur atom
wherein the nitrogen and sulfur atoms can exist in any allowed oxidation states.

The term “alkoxy” refers to straight or branched chain radicals of up to 12 carbon
atoms, unless otherwise indicated, bonded to an oxygen atom. Examples include methoxy,
ethoxy, propoxy, isopropoxy and butoxy.

The term “aryl” refers to monocyclic or bicyclic aromatic ring systems containing
from 6 to 12 carbons in the ring. Alkyl substituents may optionally be present on the ring.
Examples include benzene, biphenyl and napththalene.

The term “aralkyl” refers to a C;_¢ alkyl group containing an aryl substituent.
Examples include benzyl, phenylethyl or 2-naphthylmethyl.

The term “sulfonyl” refers to the group —S(O),R,, where R, is hydrogen, alkyl,
cycloalkyl, haloalkyl, aryl, aralkyl, heteroaryl and heteroaralkyl. A “sulfonylating agent”
adds the —S(O),R, group to a molecule.
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The term “spiro-substituted cycloalkenyl” refers to a pair of cycloalkyl rings that

share a single carbon atom and wherein at least one of the rings is partially unsaturated, for

HOXO
example: .

The term “spiro-substituted heterocyclyl” refers to a heterocyclyl and cycloalkyl

ring that share a single carbon atom, for example: .

Therapeutic Uses

The compounds of Formula I represent novel potent inhibitors of protein tyrosine
kinases, such as c-fms, and may be useful in the prevention and treatment of disorders
resulting from actions of these kinases.

The invention also provides methods of inhibiting a protein tyrosine kinase
comprising contacting the protein tyrosine kinase with an effective inhibitory amount of at
least one of the compounds of Formula I. A preferred tyrosine kinase is c-fms. The
compounds of the present invention are also inhibitors of FLT3 tyrosine kinase activity. In
one embodiment of inhibiting a protein tyrosine kinase, at least one of the compounds of
Formula I is combined with a known tyrosine kinase inhibitor.

In various embodiments of the invention, the protein tyrosine kinases inhibited by
the compounds of Formula I are located in cells, in a mammal or ir vitro. In the case of
mammals, which includes humans, a therapeutically effective amount of a
pharmaceutically acceptable form of at least one of the compounds of Formula I is
administered.

The invention further provides methods of treating cancer in mammals, including
humans, by administration of a therapeutically effective amount of a pharmaceutically
acceptable composition of least one compound of Formula I. Exemplary cancers include,
but are not limited to, acute myeloid leukemia, acute lymphocytic leukemia, ovarian
cancer, uterine cancer, prostate cancer, lung cancer, breast cancer, colon cancer, stomach
cancer, and hairy cell leukemia. The invention also provides methods of treating certain

precancerous lesions including myelofibrosis. In one embodiment of the invention, an
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effective amount of at least one compound of Formula I is administered in combination
with an effective amount of a chemotherapeutic agent.

The invention further provides methods of treating and of preventing metastasis
arising from cancers that include, but are not limited to, ovarian cancer, uterine cancer,
breast cancer, prostate cancer, lung cancer, colon cancer, stomach cancer, and hairy cell
leukemia.

The invention further provides methods for the treatment osteoporosis, Paget's
disease, and other diseases in which bone resorption mediates morbidity including
rheumatoid arthritis and other forms of inflammatory arthritis, osteoarthritis, prosthesis
failure, osteolytic sarcoma, myeloma, and tumor metastasis to bone as occurs frequently in
cancers including, but not limited to, breast cancer, prostate cancer, and colon cancer.

The invention also provides methods of treating pain, in particular skeletal pain
caused by tumor metastasis or osteoarthritis, as well as visceral, inflammatory, and
neurogenic pain.

The invention also provides methods of treating cardiovascular, inflammatory, and
autoimmune diseases in mammals, including humans, by administration of a
therapeutically effective amount of a pharmaceutically acceptable form of at least one of
the compounds of Formula I. Examples of diseases with an inflammatory component
include glomerulonephritis, inflammatory bowel disease, prosthesis failure, sarcoidosis,
congestive obstructive pulmonary disease, idiopathic pulmonary fibrosis, asthma,
pancreatitis, HIV infection, psoriasis, diabetes, tumor related angiogenesis, age-related
macular degeneration, diabetic retinopathy, restenosis, schizophrenia or Alzheimer’s
dementia. These may be effectively treated with compounds of this invention. Other
diseases that may be effectively treated include, but are not limited to atherosclerosis and
cardiac hypertrophy.

Autoimmune diseases such as systemic lupus erythematosus, rheumatoid arthritis and other
forms of inflammatory arthritis, psoriasis,, Sjogren's syndrome, multiple sclerosis, or
uveitis, can also be treated with compounds of this invention.

The term “therapeutically effective amount” as used herein, means that amount of
active compound or pharmaceutical agent that elicits the biological or medicinal response

in a tissue system, animal or human that is being sought by a researcher, veterinarian,
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medical doctor or other clinician, which includes alleviation, prevention, treatment, or the
delay of the onset or progression of the symptoms of the disease or disorder being treated.

When employed as protein tyrosine kinase inhibitors, the compounds of the
invention may be administered in an effective amount within the dosage range of about 0.5
mg to about 10 g, preferably between about 0.5 mg to about 5 g, in single or divided daily
doses. The dosage administered will be affected by factors such as the route of
administration, the health, weight and age of the recipient, the frequency of the treatment
and the presence of concurrent and unrelated treatments.

It is also apparent to one skilled in the art that the therapeutically effective dose for
compounds of the present invention or a pharmaceutical composition thereof will vary
according to the desired effect. Therefore, optimal dosages to be administered may be
readily determined by one skilled in the art and will vary with the particular compound
used, the mode of administration, the strength of the preparation, and the advancement of
the disease condition. In addition, factors associated with the particular subject being
treated, including subject age, weight, diet and time of administration, will result in the
need to adjust the dose to an appropriate therapeutic level. The above dosages are thus
exemplary of the average case. There can, of course, be individual instances where higher
or lower dosage ranges are merited, and such are within the scope of this invention.

The compounds of Formula I may be formulated into pharmaceutical compositions
comprising any known pharmaceutically acceptable carriers. Exemplary carriers include,
but are not limited to, any suitable solvents, dispersion media, coatings, antibacterial and
antifungal agents and isotonic agents. Exemplary excipients that may also be components
of the formulation include fillers, binders, disintegrating agents and lubricants.

The pharmaceutically-acceptable salts of the compounds of Formula I include the
conventional non-toxic salts or the quaternary ammonium salts which are formed from
inorganic or organic acids or bases. Examples of such acid addition salts include acetate,
adipate, benzoate, benzenesulfonate, citrate, camphorate, dodecylsulfate, hydrochloride,
hydrobromide, lactate, maleate, methanesulfonate, nitrate, oxalate, pivalate, propionate,
succinate, sulfate and tartrate. Base salts include ammonium salts, alkali metal salts such
as sodium and potassium salts, alkaline earth metal salts such as calcium and magnesium

salts, salts with organic bases such as dicyclohexylamino salts and salts with amino acids
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such as arginine. Also, the basic nitrogen-containing groups may be quaternized with, for
example, alkyl halides.

The pharmaceutical compositions of the invention may be administered by any
means that accomplish their intended purpose. Examples include administration by
parenteral, subcutaneous, intravenous, intramuscular, intraperitoneal, transdermal, buccal
or ocular routes. Alternatively or concurrently, administration may be by the oral route.
Suitable formulations for parenteral administration include aqueous solutions of the active
compounds in water-soluble form, for example, water-soluble salts, acidic solutions,
alkaline solutions, dextrose-water solutions, isotonic carbohydrate solutions and
cyclodextrin inclusion complexes.

The present invention also encompasses a method of making a pharmaceutical
composition comprising mixing a pharmaceutically acceptable carrier with any of the
compounds of the present invention. Additionally, the present invention includes
pharmaceutical compositions made by mixing a pharmaceutically acceptable carrier with
any of the compounds of the present invention. As used herein, the term “composition” is
intended to encompass a product comprising the specified ingredients in the specified
amounts, as well as any product which results, directly or indirectly, from combinations of

the specified ingredients in the specified amounts.

Polymorphs and Solvates

Furthermore, the compounds of the present invention may have one or more polymorph or
amorphous crystalline forms and as such are intended to be included in the scope of the
invention. In addition, the compounds may form solvates, for example with water (i.e.,
hydrates) or common organic solvents. As used herein, the term "solvate" means a
physical association of the compounds of the present invention with one or more solvent
molecules. This physical association involves varying degrees of ionic and covalent
bonding, including hydrogen bonding. In certain instances the solvate will be capable of
isolation, for example when one or more solvent molecules are incorporated in the crystal
lattice of the crystalline solid. The term "solvate" is intended to encompass both solution-
phase and isolatable solvates. Non-limiting examples of suitable solvates include

ethanolates, methanolates, and the like.
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It is intended that the present invention include within its scope solvates of the compounds
of the present invention. Thus, in the methods of treatment of the present invention, the
term “administering” shall encompass the means for treating, ameliorating or preventing a
syndrome, disorder or disease described herein with the compounds of the present
invention or a solvate thereof, which would obviously be included within the scope of the

invention albeit not specifically disclosed.

Methods of Preparation
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Scheme 1 describes the synthesis of compounds of Formula 1 where X is

R1\N/jf?: R1\N/j}%’
O)\ ll\l1 Ozlé\ll\]
R » 7 R'"  (YisCO and SO,in Scheme 1).

Commercially available 2-phenyl-propane-1,2-diol can be converted to aminodiol
1-1 where J is CH according to the procedure described in Journal of Medicinal Chemistry
40(25), 4030-4052, (1997). It is understood that when J is N, a similar procedure may be
used, starting from (2-pyridyl)propane diol (Tetrahedron: Asymmetry 8(13), 2175-2187,
(1997)).

Conversion of aminodiol 1-1 to compound 1-2 is accomplished using standard
protecting group chemistry. The examples of suitable N-protecting groups P' can be found
in “Protective Groups in Organic Synthesis,” by Theodora W. Greene and Peter G. M.
Wauts, John Wiley & Sons. Inc, NY, (1999). The preferred protecting group is tert —
butyloxycarbonyl (BOC) which can be introduced by reacting aminodiol 1-1 with di-zerz-
butyldicarbonate ((BOC),0) in tetrahydrofuran (THF) and aq Na,CO;. The conversion of
diol 1-2 to diamine 1-5 can be accomplished via the corresponding diazide 1-4 which can
be prepared by the displacement of leaving groups L' of intermediate 1-3 with azide anion
and reduction to diamine 1-5§ with known methods such as Ph;P or preferably catalytic
hydrogenation. Examples of suitable leaving groups L' are mesylates, tosylates, triflates
and halogens such as Bror I. The L' in intermediate 1-3 can be introduced by conversion
of the diol function of intermediate 1-2 using known literature methods. The preferable
leaving group is mesylate which can be prepared by the reaction of diol 1-2 with
mesylchloride (MsCl) and a tertiary amine bases such as triethylamine (EtsN) in DCM.
Alternatively, intermediate 1-2 can be converted to 1-5 in one step utilizing known
synthetic protocols such as Ph;P/ NaNs (Synthetic Communications 30(12), 2233, (2000))
or suitable modification of such protocols.

The transformation of diamine 1-5 to cyclic urea 1-6 (whereY is CO) can be
performed by reaction of diamine with carbonylating agents (“phosgene equivalents”) such
S,S-dimethyldithiocarbonate (DMDTC) (J. Org. Chem., 61, 4175, (1996)), bis(4-
nitrophenyl)carbonate (Helvetica Chimica Acta 82(8), 1195, (1999)), urea (J. Chem.
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Soc., Perkin Trans 2, 317, (1981)),benzyl succinimidocarbonate (Bull. Chem. Soc.,

Jpn., 71, 699, (1998)), hexachloroacetone (Liebigs Annalen/Recueil , (5), 925, (1997)),
triphosgene (7ett. Lett., 32,4185, (1991)) and carbodiimdazole (J. Med. Chem., 40, 1707,
(1997)) at appropriate temperatures and solvents or using complexes of transition metals
such as tungsten (J.Org. Chem., 67, 4086, (2002)), Ni (J. Organomet. Chem., 419, 251,
(1991)), Pd (Macromolecules, 26, 1784, (1993)), Ru (J. Mol. Catal. A: Chem., 122, 103,
(1997)), Mn (Inorg. Chem. 4,293, (1965,) and J. Organomet. Chem.,134, 203, (1977)) or
Co (J. Mol. Catal., 60, 41, (1990)). The main group elements such as S (J. Org. Chem.
26, 3306 and 3309, (1961,)) and Se (Bull. Chem. Soc., Jpn., 60, 1793, (1987)) can also be

used to catalyze this transformation.

The preferred method of cyclic urea 1-6 (Y is CO) synthesis is the reaction of
diamine 1-§ with bis(4-nitrophenyl) carbonate in 1,2-dichloroethane. The sulfonyl urea
1-6 (Y is SO;) can be produced in analogous fashion by replacing the carbonylating agent
with sulfonylating agents such as sulfuryl chloride (Acta. Chem. Scand, 17,2141, (1963))
and sulfamide (Bioorganic and Medicinal Chemistry, 13, 755, (2005)). Thus, a reaction
of diamine 1-5 with sulfamide in pyridine can be used to produce the sulfonylurea 1-6.

Sulfonylureas and ureas 1-6 can be N-alkylated using known literature procedures
(Synthetic Communications, 18(5), 487-494 (1988)), WO 9600708, DE 4028040). The
preferred methods of alkyation include, but are not limited to, thermal reaction with
alkylating agents, such as alkyl halides R'L* (L* is halogen) and sulfates (R'OSO,0R") in
the presence of a suitable phase- transfer catalyst such as tetrabutylammonium salts, in
solvents such as toluene and dioxane to produce intermediate 1-8 where Y is CO, or SO,,
and R' is alkyl.

The protecting group P' of intermediate 1-8 (where Y is CO, SO,) can be removed
under appropriate conditions to unmask the amine function.  For the removal of a BOC
group in intermediate 1-8 (where Y is CO, SO;), TFA can be used and the resulting aniline
can be isolated as its TFA salt or free base.

The compounds of Formula 1-10, where Y is CO or SO,, can be obtained by ortho-
halogenation, preferably bromination, of the deprotected amino compound, followed by

metal-catalyzed coupling reactions of bromoamino intermediate 1-9 with boronic acids or
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boronate esters (Suzuki reactions, where R?M' is R’B(OH), or a boronic ester) or tin
reagents (Stille reactions, where R”M' is R’Sn(alkyl)s) (for reviews, see N. Miyaura, A.
Suzuki, Chem. Rev., 95:2457 (1995), J. K. Stille, Angew. Chem, Int. Ed. Engl., 25: 508024
(1986) and A. Suzuki in Metal-Catalyzed Coupling Reactions, F. Deiderich, P. Stang, Eds.,
Wiley-VCH, Weinheim (1988)). Similarly, the BOC protected intermediate 1-6 can be
ortho-halogenated to obtain intermediate 1-7 which can then be deprotected under acidic
condition to produce intermediate 1-9 where R'is H, an<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>