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DESCIUPTION 

INHIBITION OF OSTEOLYTIC LESIONS BY SRC KINASE INHIBITORS 

This application claims priOlity to U.S. Provisional Patent application serial number 

60/691,933 filed hme 17,2005, which is incorporated herein by reference in its entirety. 

I. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates generally to the field of cell biology, cell physiology, 

medicine, and oncology. More particularly, it concerns methods for regulating 

osteoclastogenesis in a subject in need thereof, and particularly osteoclastogenesis related to 

10 cancer-induced bone destruction. 

II. DESCRIPTION OF RELATED ART 

Breast cancer is the most common female malignancy in the U.S. and is the second 

leading cause of cancer death in women. Women with breast cancer are at risk for bone 

metastases. 5 to 10 % of patients with breast cancer will initially present with metastatic 

15 disease to the bone. Patients with osteolytic bone disease fi-om metastatic breast cancer are at 

increased risk for pathologic fractures, bone pain, cord compression and hypercalcemia. The 

current standard of care for treating bone metastases is bisphosphonate therapy, which delays 

skeletal events, but does not completely prevent them. In addition, not all patients respond to 

this treatment. While a more effective treatment is desired, a further biological and molecular 

20 dissection of this disease is required. Receptor activator of NF-KB (RANK) and its ligand 

(RA.l\TKL, also known as TRANCE/ODF/OPGL) are essential mediators of osteoclastogenesis 

and have been implicated in various diseases, which include rheumatoid artluitis, 

osteoporosis, giant cell tumor of bone, Paget's disease, metastatic breast and prostate cancer, 

multiple myeloma, and familial expansile osteolysis. Osteoprotegerin (OPO, also known as 

25 OClF/TRl) is a soluble, decoy receptor that inhibits RANIZL from binding to its cell surface 

receptor RANK. 

Knockout mouse models of RANKL, RANK, and orG have demonstrated an 

essential role of these molecules in osteoc1astogenesis (i.e., bone remodeling). The biological 

importance of these molecules is underscored by the induction of severe osteoporosis by 

30 targeted dismption of OPG and by the induction of osteopetrosis by targeted disruption of 

DESCRIPTION INHIBITION OF OSTEOLYTIC LESIONS BY SRC KINASE INHIBITORS      Tins
application claims priority to U.S. Provisional Patent application serial number 60/691,933 filed June
17, 2005, which is incorporated herein by reference in its entirety, 5BACKGROUND OF THE
INVENTION  I.FIELD OF THE INVENTION      The present invention relates generally to the field of
cell biology, cell physiology, medicine, and oncology. More particularly, it concerns methods for
regulating osteoclastogenesis in a subject in need thereof, and particularly osteoclastogenesis related
to 10cancer-induced bone destruction. IL DESCRIPTION OF RELATED ART      Breast cancer is the
most common female malignancy in the U.S. and is the second leading cause of cancer death in
women. Women with breast cancer are at risk for bone metastases. 5 to 10 % of patients with breast
cancer will initially present with metastatic 15 disease to the bone. Patients with osteolytic bone
disease from metastatic breast cancer are at increased risk for pathologic fractures, bone pain, cord
compression and hypercalcemia. The current standard of care for treating bone metastases is
bisphosphonate therapy, which delays skeletal events, but does not completely prevent them. in
addition, not all patients respond to this treatment. While a more effective treatment is desired, a
further biological and molecular 20 dissection of this disease is required. Receptor activator of NF-KB
(RANK) and its ligand (RANKI" also known as TR_ANCE/ODPOPOL) are essential mediators of
osteoclastogenesis and have been implicated in various diseases. Which include rheumatoid arthritis,
osteoporosis, giant cell tumor of bone, Paget's disease, metastatic breast and prostate cancer,
multiple myeloma, and familial expansile osteolysis. Osteoprotegerin (OPG, also known as 25
OCIF/TRI) is a soluble, decoy receptor that inhibits RANKL from binding to its cell surface receptor
RANK.      Knockout mouse models of RANKL, RANK, and OPG have demonstrated an essential role
of these molecules in osteoclastogenesis (i.e., bone remodeling). The biological importance of these
molecules is underscored by the induction of severe osteoporosis by 30targeted disruption of OPG
and by the induction of osteopetrosis by targeted disruption of 



RANKL or by overexpression of OPG. Thus, osteoclast formation may be attributed to the 

relative ratio ofRANKL to OPG in the microenvironment of bone marrow, and alterations in 

this balance may be a major cause of bone loss in many metabolic bone disorders. Similar to 

RANKL -1- mice, targeted disruption of RANK also leads to an osteopetrotic phenotype. 

5 Both RANK-I- and RANKL -/- mice exhibited absence of osteoclasts, indicating the essential 

requirement of these molecules for osteoclastogenesis. Furthermore, RANK and RANKL are 

required for lymph node organogenesis and early Band T cell development. Additionally, 

mice lacking TRAF6, c-Src, c-Fos, or the NF-KB subunits p50/p52 also display an 

osteopetrotic phenotype; though these mutant mice have osteoclasts, these cells apparently 

10 have defects in bone resorption. Thus, RANIZL and RANK as well as their cytoplasmic 

signaling molecules are the governing factors that regulate normal bone homeostasis. 

The relationship between the impOltance ofRANKJRANIZL/OPG in bone remodeling 

and that most cancer-induced bone destruction is due to increased osteoclastic activity 

suggests a major role of RANKJRANKLIOPG in bone diseases and cancer. Besides the 

15 involvement of RANKJRANIZL/OPG in osteoporosis, recent reports suggest a potential role 

of these molecules in other diseases including rheumatoid arthritis, giant cell tumor of bone, 

Paget's disease, and familial expansile osteolysis (due to a mutation in exon 1 of RANK). 

Metastatic breast and prostate cancers have the ability to invade and grow as metastases in 

bone causing osteolytic lesions. In metastatic tumor mouse models, in which the tumor 

20 causes increased osteoc1astogenesis and bone destruction, systemic administration of OPG 

reduces tumor-mediated bone destruction and pain associated with bone cancer. Thus, 

targeting the RANK signal transduction machinery could potentially be used as a therapeutic 

strategy to inhibit unwanted bone destruction associated with cancer and metabolic bone 

disorders. Additional strategies to prevent unwanted bone destruction associated with 

25 metastatic cancers, or conditions associate with or related to bone loss are needed. 
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RANKL or by ovetexpression of OPG. Thus, osteoclast formation may be attributed to the relative ratio
of RANKL to OPCi in the microerwironment of bone marrow, and alterations in this balance may be a
major cause of bone loss in many metabolic bone disorders. Similar to RANKL -1- mice, targeted
disruption of RANK also leads to an osteopetrotic phenotype. 5 Both RANK-/- and RANKL 7- mice
exhibited absence of osteociasts, indicating the essential requirement of these molecules for
osteoclastogenesis. Furthermore, RANK and RANKL are required for lymph node organogenesis and
early B and T cell development, Additionally, mice lacking TRAF6, c-Src, c-Fos, or the NE-KB subunits
p50/p52 also display an osteopetrotic phenotype; though these mutant mice have osteoclasts, these
cells apparently 10 have defects in bone rescaption. Thus, RANKS, and RANK as well as their
cytoplasmic signaling molecules are the governing factors that regulate normal bone homeostasis.
The relationship between the importance of RANIORANKL/OPO in bone remodeling and that most
cancer-induced bone destruction is due to increased osteoclastic activity suggests a major role of
RANKRANKL/OPG in bone diseases and cancer. Besides the 15 involvement of RANK/RANKL/OPG
in osteoporosis, recent reports suggest a. potential role of these molecules in other diseases including
rheumatoid arthritis, giant cell tumor of bone, Paget's disease, and familial expansiie ostcolysis (due to
a mutation in exon 1 of RANK). Metastatic breast and prostate cancers have the ability to invade and
wow as metastases in bone causing osteolytic lesions. in metastatic tumor mouse models, in which
the tumor 20 causes increased osteoclastogenesis and bone destruction, systemic administration of
OPG reduces tumor-mediated bone destruction and pain associated with bone cancer. Thus, targeting
the RANK signal transduction machinery could potentially be used as a therapeutic strategy to inhibit
unwanted bone destruction associated with cancer and metabolic bone disorders. Additional strategies
to prevent unwanted bone destruction associated with 25metastatic cancels, or conditions associate
with or related to bone loss are needed.  SUMMARY OF TIM INVENTION       In accordance with the
present invention are provided compounds of the structural Formula I; 11, Ill, or IV: Formula I        0
R-N7-(c1121,  
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SUMMARY OF THE INVENTION 

In accordance with the present invention are provided compounds of the structural 

Formula I, II, III, or IV: 

Formula I 

F 

~o CN 

where n is an integer from 1-3; X is N, CH, provided that when X is N, n is 2 or 3; R is an 

alkyl of 1 to 3 carbon atoms; R(I) is 2,4-diCl, 5-0Me; 2,4-diCl; 3,4,5-tri-OMe; 2- Cl, 5-

OMe; 2-Me, 5-0Me; 2,4-di-Me; 2,4-diMe-5-0Me, 2,4-diCl, 5-0Et; R(2) is an alkyl of 1 to 2 

carbon atoms, and pharmaceutically acceptable salts thereof. 

10 Formula II 

C CI 

F 

rzZo 
~ 

CN 

J 
N 

where n is 2 or3; R is an alkyl of 1 to 3 carbon atoms; R(2) is an alkyl of 1 to 2 carbon 

atoms, and pharmaceutically acceptable salts thereof. 
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where n is an integer from 1-3; Xis N, CH; provided that when Xis N, n is 2 or 3; R is an alkyl of 1 to 3
carbon atoms; R(1) is 2,4-diC1, 5-0Me; 2,4-diCh 3,4,5-tri-OMe; 2- Cl, 5- OMe; 2-Me, 5-0Me; 2,4-di-Me;
2,4-diMe-5-01\ 4e, 2,4-diC1, 5-0Et; R(2) is an alkyl of 1 to 2 carbon atoms, and pharmaceutically
acceptable salts thereof. 10 Formula H where n is 2 or3; R is an alkyl of 1 to 3 carbon atoms; R(2) iis
an alkyl of o 2 carbon atoms, and pharmaceutically acceptable salts thereof.  Formula III  R20 /\I
/11-(CH21,   where n is 2 or 3; R.(1) is 2,4-diC1, 5-0Me 2,4-did; 3,4,5-tii-OMe; 2- CI, 5-0Me; 2-Me, 5-
OMe; 2,4-di-Mc; 2,4-diMe-5-0Me, 2,4-diCI, 5-0Et; R(2) is an alkyl of 1 to 2 carbon atoms, 5and
pharmaceutically acceptable salts thereof. Fortnula lv  15k,14-(C1-12)11 \ 



Formula III 

~ 
N 

CN 

where n is 2 or 3; R(I) is 2,4-diCl, 5-0Me; 2,4-diCl; 3,4,5-tri-OMe; 2- Cl, 5-0Me; 2-Me, 5-

OMe; 2,4-di-Me; 2,4-diMe-5-0Me, 2,4-diCl, 5-0Et; R(2) is an alkyl of 1 to 2 carbon atoms, 

5 and phannaceutically acceptable salts thereof. 

FonnulaIV 

;:/" 
Rl 

~ 

~ 
CN 

~ 
N 

where n is 2 or 3; R is an alkyl of 1 to 3 carbon atoms; R(1) is 2,4-diCl, 5-0Me; 2,4-diCl; 

3,4,5-tri-OMe; 2- Cl, 5-0Me; 2-Me, 5-0Me; 2,4-di-Me; 2,4-diMe-5-0Me, 2,4-diCl, 5-0Et. 

10 The compounds of this invention may be used for treating, preventing, or inhibiting 

bone resorption, pathological bone resorption, osteoclast activity, osteoc1astogenesis, 

osteolytic lesions, or other pathologic conditions with associated bone loss or destruction. In 

certain embodiments the compounds are used as part of a pharmaceutical composition. 
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where n is 2 or 3; R is an alkyl of 1 to 3 carbon atoms; 141) is 2,4-did, 5-0Me; 2,4-dia; 3,4,5-tri-OMe; 2-
Cl" 5-0Me; 2-Me, 5-0Me; 2,4-di-Me; 2,4-diMe-5-0Me, 2,4-diCi, 5-0Et. I 0The compounds of thisention
may he used for treating, preventing, or inhibiting bone resorption, pathological bone resorption,
ostcoolast activity, osteoclastogenesis, osteolytie lesions, or other pathologic conditions with
associated bone loss or destruction. In certain embodiments the compounds are used as part of a
pharmaceutical composition.       Specific compounds of the invention include; compound 1 -
44(2,4-Dichloro-5- inethoxyphenyl) amino)-6-inethoxy-743-(4-methyl-l-piperazinyl) propoxy)-3-
quinolinecarbonitrile; compound 2 - 4((2,4-Dichloro-5-methoxyphenyl) amino)-7-(3-(4- ethyl-1-
piperazinyl) propoxy)-6-methoxy-3-quinolinecarbonitrile; compound 3 - 5Dichloro-5-methoxyphenyl)
amino.1-6-methoxy-712-(4- methyl-1 -piperazinyl) ethoxy)-3- quinolinecarbonitrile; compound 4 -
4-[(2,4-Dichloro-5-metboxyphenyl)aminol-742-(4-ethyl1-piperazinypethoxyl-6-methoxy-3-quinolincearb
onitrile; compound 5 - 4-[(2,4-Dichlom-5-
mcfhoxyphenypamino]-6-metboxy-7-[(1-methylpiperidim4-yl)methoxy]-3- quinolinecarbonitrile;
compound 6 -
4-[(2,4-Dichloro-5-methox5mhenyi)amino]-6-methoxy742-(1-methylpipericlin-4-yi)elhoxyl-3-quinolineca
rbonitrilo;compound 7 - 4-[(2,4-
Dichloro-5-methoxypheny)amino]-6-methoxy-743-(1-methylpiperidin-47
yl)propoxy]quinoline-3-carbonitrile;compound 8 - 4[(2,4-llichloro-5-methoxyphenyl)
arnino]-7-[(1-ethyMipericlin-4-ypinethoxyl-6-methoxyquinoline-3-carbonitrile; compound 9 -
4-[(2,4-Dichioto-5-methoxypheny0aminoll-6-ethoxy-743-(4-methythiperazin-1-
15yl)propoxy]quinoline-3-carbonitrile;compound10-4-[(2,4-Dichloro-5-
methoxyphenyi)amino]-6-ethoxy-7-[(1-methylpiperidin-4-Almetboxyleuinoline-3- carbonitrile; compound
11 - 4-[(2,4-Dichloro-S-methoxyphenyl)amino]-6-ethoxy-743-(4-
ethylpiperazin-1-y1)propoxy]quinoline-3-carbonitrile; compound 12 - 4-[(2,4-Dich
methoxypbenyeamino]-6-ethoxy-743-(1-methylpiperidin-4-y0propoxylquinoline-3- 



Specific compounds of the invention include: compound 1 - 4-«2,4-Dich1oro-5-

methoxyphenyl) amino )-6-methoxy-7-(3-( 4-methy1-l-piperaziny1) propoxy)-3-

quinolinecarbon1tl'ile; compound 2 - 4-«2,4-Dichloro-5-methoxypheny1) amino)-7-(3-(4-

ethy1-1- piperaziny1) propoxy)-6-methoxy-3-quinolinecarbonitrile; compound 3 - 4-[(2,4-

5 Dich1oro-5-methoxyphenyl) amino )-6-methoxy-7 -[2-(4- methyl-I-piperaziny1) ethoxy J-3-

quinolillecarbonitri1e; compound 4 - 4-[(2,4-Dichloro-5-methoxypheny1)amino ]-7-[2-( 4-ethyl­

I-piperazinyl)ethoxy]-6-methoxy-3-quinolinecarbonitrile; compound 5 - 4-[(2,4-D1ch10ro-5-

methoxyphenyl)amino J-6-methoxy-7 -[ (1-methy1piperidin-4-yl)methoxyJ -3-

quinolinecarbonitrile; compound 6 - 4-[(2,4-Dichloro-5-methoxypheny1)amino J-6-methoxy-

1 0 7-[2-(1-methylpiperidin-4-yl)efhoxy]-3-quinolinecarbonitrile; compound 7 - 4-[(2,4-

Dichloro-5-methoxyphenyl)amlllo ]-6-methoxy-7 -[3-(1-methylpiperidin-4-

yl)propoxy]quinoline-3-carbonitrile; compound 8 - 4-[(2,4-Dichloro-5-methoxyphenyl) 

amino ]-7 -[(1-ethylpiperidin-4-yl)methoxy}-6-methoxyquinoline-3-carbonitrile; compound 9 -

4-[(2,4-Dichloro-5-methoxypheny1)amino ]-6-ethoxy-7 -[3-( 4-methy1piperazin-l-

15 y1)propoxy]quinoline-3-carbonitri1e; compound 10 4-[(2,4-Dich1oro-5-

methoxypheny1)amino J-6-ethoxy-7 -[ (l-methylpiperidin-4-yl )methoxy]quinoline-3-

carbonitrile; compound 11 - 4-[ (2,4-Dichloro-5-methoxyphenyl)amino ]-6-ethoxy-7 -[3-(4-

ethylpiperazin-l-yl)propoxyJquinoline-3-carbonitrile; compound 12 - 4-[(2,4-Dich10ro-5-

methoxyphenyl)amino J-6-ethoxy-7 -[3-(1-methylpiperidin-4-yl)propoxy]quinoline-3-

20 carbonitrile; compound 13 - 4-[(2,4-Dichloro-5-methoxyphenyl)aminQ ]-6-ethoxy-7-[2-(4-

methy1-l-piperazinyl)ethoxy]quinoline-3-carbonitrile; compound 14 - 4-[(2,4-Dichloro-5-

methoxyphenyl)amino ]-6-ethoxy-7 -[2-( I-methy1piperidin-4-yl)ethoxy ]qumoline-3-

carbonihile; compound 15 - 4-[(2,4-Dichloro~5-methoxypheny1)amino J-6-methoxy-7 -[3-( 4-

propyl-l-piperazinyl)propoxyJ-3-quinolmecarbonitrile; compound 16 4-[(2,4-

25 dichlorophenyl)arnino ]-6-methoxy-7-[(1-methylpiperidin-4-yl)methoxyJ-3-

quinolinecarbonitri1e; compound 17 - 6-methoxy-7 -[(1-methylpiperidin-4-yl)methoxyJ-4-

[(3,4,5-trimethoxyphenyl)arnino ]qumoline-3-carbonitrile; compound 18 - 4-[ (2-ch10ro-5-

methoxyphenyl)amino J-6-methoxY-7 -[ (l-methylpiperidin-4-yl)methoxy]quinolme-3-

carbonitrile; compound 19 - 6-methoxy-4-[(5-methoxy-2-methylphenyl)aminoJ-7-[(l-

30 methy1piperidin-4-y1) methoxy]quinoline-3-carbonitrlle; compound 20 4-[(2,4-

dimethylphenyl) amino ] -6-methoxy-7 -[ (1-methylpiperidil1-4-yl)methoxy Jquinolil1e-3-

carbonitrile; compound 21 - 6-methoxy-4-[ (5-methoxy-2,4-dimethylphenyl)amino] -7 -[ (1-

methy1piperidin-4-yl)methoxy]quinoline-3-carbonitrile; compound 22 - 4-[(2,4-dichloro-5-

ethoxyphenyl) amino J-6-methoxy-7 -[( I-methy1piperidm-4-yl )methoxy Jquinoline-3-

5 

20carbonitrile; compound 13 - 4-[(2,4-Dichloro-5-methoxyphenyi)amino]-6-elhoxy-7-12-(4-
methyl-1-piperazinypethoxylquinoline-3-aubonitrile; compound 14 - 4-[(2,41-Dichloro-5-
methoxyphenybaminol-6-ethoxy-742-(i.-methylpipericlin-4-y1)etboxy]quinoline-3- carbonitri1e;
compound 15 - 4-[(2,4-Dichloro-5-mellsoxyphenyl)amino]-6-methoxy-743-(4-
nropy1-1-piperazinyppropoxyl-3-quinormecarbonitrile;compound 16 - 4-[(2,4-
25dichlorophenybaminol-6-methoxy-7-[(1-methylpiperidin-4-y1)methoxy]-3- quinolinecarbonitrile;
compound 17 - 6-metimay-7-[(IHmethylpiperidin-4-yOmethoxy]-4-
[(3,4,5-trimethoxyphenyeaminollquinoline-3-carbonitrile; compound 18 - 4-[(2-chioro-5-
metboxyphenyl)amino]-6-methoxy-7-[(1-methylpiperidin-4-y1)methoxylquinoline-3- carbonitrile;
compound 19 - 6-methoxy-4-[(5-methoxy-2-methylpheny1)aminol-74(1 30methylpiperidin-4-y1)
methoxylquinoline-3-carbonitrile;  compound 20 - 4-[(2,4- di m ethylphenyl)aminol -6-in ethoxy-7-[(1
-methylpip eridin-4-yl)methoxy] quinolin e-3- carbonitrile; compound 21 -
6-methoxy-41-[(5-methoxy-2,4-dimethylphenyDaminoll-7-[(1-
rnethylpiperidin-4-yemethoxy]quinoline-3-carbonitrile; compound 22 - 4-[(2,4-dichloro-5-
etboxyphenyearnino]-6-methoxy-7-[(1-methylpiperidin-4-0)methoxy]quinoline-3-  carbonitrile; and
pharmaceutically acceptable salts thereof In certain embodiments a preferred compound is compound
1 - 4((2,4-Dichloro-5-tnethoxyphenyl) umino)-6-methoxy7-(3-(4-methyl-l-piperazinyl)
propoxy)-3-quinolinecarbonitrile.           It is contemplated that any method or composition described
herein can be 5 implemented with respect to any other method or composition described herein.
The use of the word "a" or "an" when used in conjunction with the term "comprising" in the claims
and/or the specification may mean "one," but it is also consistent with the meaning of "one or more,"
"at least one," and "one or more than one."         The use of the term "or" in the claims is used to mean
"and/or" unless explicitly 10 indicated to refer to alternatives only or the alternative arc mutually
exclusive, although the disclosure supports a definition that refers to only alternatives and "and/or." 



carbonitrile; and pharmaceutically acceptable salts thereof. In certain embodiments a 

prefened compound is compound 1 - 4-«2,4-Dichloro-5-methoxyphenyl) amino}·6-methoxy-

7 -(3-( 4-methyl-l-piperazinyl) propoxy)-3-quinolinecarbonitrile. 

It is contemplated that any method 01' composition described herein can be 

5 implemented with respect to any other method or composition described herein. 

The use of the word "a" or "an" when used in conjunction with the term "comprising" 

in the claims and/or the specification may mean "one," but it is also consistent with the 

meaning of "one or more," "at least one," and "one or more than one." 

The use of the term "or" in the claims is used to mean "and/or" unless explicitly 

10 indicated to refer to alternatives only or the alternative are mutually exclusive, although the 

disclosure supp0118 a definition that refers to only alternatives and "and/or." 

Other objects, features, and advantages of the present invention will become apparent 

from the following detailed description. It should be understood, however, that the detailed 

description and the specific examples, while indicating specific embodiments ofthe invention, 

15 are given by way of illustration only, since various changes and modifications within the 

spirit and scope of the invention will become apparent to those skilled in the art from this 

detailed description. 
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Other objects, features, and advantages of the present invention will become apparent from the
following detailed description. it should be understood, however, that die detailed description and the
specific examples, while indicating specific embodiments of the invention, 15 are given by way of
illustration only, since various changes and modifications within the spirit and scope of the invention
will become apparent to those skilled in the art from this detailed description.  BRIEF DESCRIPTION
OF THE DRAWINGS       The following drawings form part of the present specification and are
included to further demonstrate certain aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in combination with the detailed
5description of specific 'embodiments presented herein.      Figures 1A-1C, 81(1606 is a potent
inhibitor of osteoclastogenesis. (FIG. 1.A.) The structure of the 4-phenyl amino-3-quinolinecarbonitrile
8KI606. (FIG. 18) BIVIM cells were plated in 48 well plates (2 x 107 cells/well) and stimulated with
M-CSF (10 ng/ml) or M-CSP and RANKL (100 nOrd.), in quadruplets with indicated concentrations of
81(1606, M-CSF 10 was replenished on day 3, Cells were fixed and stained for TRAP on day five,
using a TRAP staining kit from Sigma-Aldrich (St. Louis, MO), (FIG. IC) Data. shown is representative
of throe experiments. Shown are photographs of representative 'Fields from the different treatments
using a 10x objective lens. Figures 2A-2B. BMM cells respond to 51(I606 in a time-dependent manner.
(FIG. 15 2A) BMM cells were plated in 48 well plates (2 x 104 cellstweli) and pre-treated with M-CSF
(10 ward) or M-CSF and RANKL (300 ngiml) in quadruplets for indicated times, then treated with 300
MM 81(1606. M-CS17 was replenished on da.y 3. Cells were fixed. and stained for TRAP on day five,
using a TRAP staining kit from Sigma-Aldrich (St. Louis, MO). (FIG. 2B) Data shown is representative
of three experiments. Photographs are of representative 20fields from the different treatments using a
10x objective lens.      Figures 3A-3B. MDA-M13-435 cells stimulate osteoulastogenesis in
R_AW264.7 cells. (FIG. 3A) RAW264.7 cells (500 cells/well; 8 wells per treatment) were plated in 96
well plates with iVIDA-MD-435 cells at indicated densities and incubated for 5 days. (FIG. 3B)
Conditioned media was prepared as described above. RAW264.7 cells (750 cells/well; 8 75 wells per
treatment) incubated with conditioned media from WA-MB-435 at indicated concentrations for 5 days.
The cultures were fixed and stained for TRAP on day five, using a TRAP staining kit from
Sigma-Aldrich (St. Louis, MO). Data shown is representative of five experiments. Photographs are of
representative fields from the different treatments using a 10x objective lens. 30Figures 4A-411.
81(I606 inhibits MDA-MB-435 stimulated osteoelastogenesis in 



BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings fonn part of the present specification and are included to 

further demonstrate certain aspects of the present invention. The invention may be better 

understood by reference to one or more of these drawings in combination with the detailed 

5 description of specific embodiments presented herein. 

Figures lA-Ie. SK1606 is a potent inhibitor of osteoclastogenesis. (FIG. lA) The 

structure of the 4-phenylamino-3-quinolinecarbonitrile SK1606. (FIG. lB) BMM cells were 

plated in 48 well plates (2 x 104 cells/well) and stimulated with M-CSF (10 ng/ml) or M-CSF 

and RANKL (100 ng/ml), in quadruplets with indicated concentrations of SK1606. M-CSF 

10 was replenished on day 3. Cells were fixed and stained for TRAP on day five, using a TRAP 

staining kit from Sigma-Aldlich (St. Louis, MO). (FIG. IC) Data shown is representative of 

three experiments. Shown are photographs of representative fields from the different 

treatments using a lOx objective lens. 

Figures 2A-2B. BMM cells respond to SK1606 in a time-dependent manner. (FIG. 

15 2A) BMM cells were plated in 48 well plates (2 x 104 cells/well) and pre-treated with M-CSF 

(10 ng/ml) or M-CSF and RANKL (300 ng/ml) in quadruplets for indicated times, then 

treated with 300 11M SK1606. M-CSF was replenished on day 3. Cells were fixed and stained 

for TRAP on day five, using a TRAP staining 1dt from Sigma-Aldrich (St. Louis, MO). (FIG. 

2B) Data shown is representative of three experiments. Photographs are of representative 

20 fields from the different treatments using a lOx objective lens. 

Figures 3A-3B. MDA-MB-435 cells stimulate osteoclastogenesis in RA W264.7 

cells. (FIG. 3A) RA W264. 7 cells (500 cells/well; 8 wells per treatment) were plated in 96 

well plates with MDA-MD-435 cells at indicated densities and incubated for 5 days. (FIG. 

3B) Conditioned media was prepared as described above. RA W264.7 cells (750 cells/well; 8 

25 wells per treatment) incubated with conditioned media from MDA-MB-435 at indicated 

concentrations for 5 days. The cultures were fixed and stained for TRAP on day five, using a 

TRAP staining 1dt from Sigma-Aldrich CSt. Louis, MO). Data shown is representative of five 

experiments. Photographs are of representative fields from the different treatments using a 

lOx objective lens. . 

30 Figures 4A-4B. SK1606 inhibits MDA-MB-435 stimulated osteoc1astogenesis in 

RA W264.7. (FIG. 4A) RA W264.7 cells (500 cells/well; 8 wells per treatment) were plated in 

7 

8AW264.7. (FIG. 4A) RAW264.7 cells (500 cells/well; 8 wells per treatment) were plated in  96 well
plates with MDA-MD-435 (800 cells/well) cells at indicated densities and incubated for 5 days in the
presence of increasing doses of 51(I606. (FIG. 4B) RAW264.7 cells (750 cells/well; Swells per
treatment) were plated in 96 well plates in 10% conditioned media from MDA-MB-435 for 5 days. The
cultures were fixed and stained for TRAP on day five, using a 5 TRAP staining kit from Sigma-Aldrich
(St. Louis, MO). Data shown is representative of five experiments.      Figures 5A-5C. 5ICI606
significantly decreases tumor growth and osteolytic lesions. Mice were divided into 3 treatment groups.
Treatment was initiated 3 days after tibial injection of 5 x 105 IVIDA-MB-435 cells of either oral gavage
of vehicle (0.5% 10 Methoce1/0.4% TWeen in PBS), 150 mg/kg 5ICI606 in vehicle, or S.C. injections
of 10 mg/kg Zomeda (zolendronic acid) in 0.1 ml PBS 5 days per week for 9 weeks. (FIG. 5A) Weight,
of tumor was determined as follows: weight of injected leg - weight of non-injected hind leg of the
same animal. (FIG. 5B) Areas of lysis were estimated from digital X-ray images; NIH Scion program
was used to measure area of tibias and lytic areas, to calculate the ratio of 15 pixels in lytic
zones/pixels in tibia area. (FIG. 5C) The tumor-injected tibia was fixed and decalcified in EDTA, and
sections stained for the presence of multinucleated osteoclasts (>13 nuclei) using TRAP staining kit
from Sigma-Aldrich (St. Louis, MO).      Figures 6A-6C. 31(1606 significantly decreases tumor growth
and osteolytic lesions. X-ray images were taken. at 35 days after injection, and also at 14-day intervals
After 9 20 weeks, final X-ray images were taken of the control group, treated with oral gavage of
vehicle (0.5% Methoeu1/0.4% Tween in PBS) (FIG. 6A), mice treated with 150 ing(kg (PIG. 6B) or
Zomeda (FIG. 6C). DESCRIPTION OF ILI iSTRATIVE EMBODIMENTS Living bone tissue is
continuously being replenished by the process of resorption and 25 deposition of calcium minerals
This process, described as, the absorption-resorption cycle, is facilitated by two cell types, the
osteoblasts and the osteoclasts. The osteoclast is a multinucleated cell and is the only cell in the body
known to have the capacity to degrade (or resorb) bone. In certain pathological conditions the
absorption-resorption cycle is defective resulting in the degradation of bone. The degradation of bone
typically results in an increased 30 risk for pathologic bone fractures, bone pain, spinal cord
compression and hypercalcemi a.  



96 well plates with MDA-MD-435 (800 cells/well) cells at indicated densities and incubated 

for 5 days in the presence of increasing doses of 8KI606. (FIG. 4B) RA W264.7 cells (750 

cells/well; 8 wells per treatment) were plated in 96 well plates in 10% conditioned media £i:om 

MDA-MB-435 for 5 days. The cultures were fixed and stained for TRAP on day five, using a 

5 TRAP staining kit from Sigma-Ald11ch (St. Louis, MO). Data shown is representative of five 

expetiments. 

Figures SA-5C. SK1606 significantly decreases tumor growth and osteolytic lesions. 

Mice were divided into 3 treatment groups. Treatment was initiated 3 days after tibial 

injection of 5 x 105 MDA-MB-435 cells of either oral gavage of vehicle (0.5% 

10 Methocel/0.4% Tween in PBS), 150 mg/kg SK1606 in vehicle, or 8.C. injections of 10 mg/kg 

Zomeda (zolendronic acid) in 0.1m1 PBS 5 days per week for 9 weeks. (FIG. SA) Weight of 

tumor was determined as follows: weight of injected leg - weight of non-injected hind leg of 

the same animal. (FIG. 5B) Areas of lysis were estimated from digital X-ray images; NIH 

Scion program was used to measure area of tibias and lytic areas, to calculate the ratio of 

15 pixels in lytic zones/pixels in tibia area. (FIG. 5C) The tumor-injected tibia was fixed and 

decalcified in EDT A, and sections stained for the presence of multinucleated osteoclasts (>3 

nuclei) using TRAP staining kit from Sigma-Aldtich (St. Louis, MO). 

Figures 6A-6C. 8K1606 significantly decreases tumor growth and osteolytic lesions. 

X-ray images were tal(en at 35 days after injection, and also at 14-day intervals. After 9 

20 weeks, final X-ray images were taken of the control group, treated with oral gavage of vehicle 

(0.5% MethoceI/O.4% Tween in PBS) (FIG. 6A), mice treated with 150 mg!kg (FIG. 6B) or 

Zomeda (FIG. 6C). 

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

Living bone tissue is continuously being replenished by the process of resorption and 

25 deposition of calcium minerals. This process, described as, the absorption-resorption cycle, is 

facilitated by two cell types, the osteoblasts and the osteoclasts. The osteoclast is a 

multinucleated cell and is the only cell in the body known to have the capacity to degrade (or 

resorb) bone. In certain pathological conditions the absorption-resorption cycle is defective 

resulting in the degradation of bone. The degradation of bone typically results in an increased 

30 risk for pathologic bone fractures, bone pain, spinal cord compression and hypercalcemia. 
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Embodiments of the present invention include methods and compositions for treating osteolytic
lesions, bone-resorbing diseases or bone resorption related to a pathologic condition, generally
including, but not limited to osteoporosis, arthritis, rheumatoid arthritis, cancer metastases to the bone,
bone cancer, hyperealcemia, osteolytic lesions with orthopedic 5 implants, Paget's disease, and bone
loss associated with hyperparathyroidism. Representative cancers include, but are not limited to breast
cancer, prostate cancer, colon cancer, endometrial cancer, multiple myelotna, renal cell carcinoma,
head and neck cancers, and cervical carcinoma. Arthritic conditions include, but are not limited to
adjuvant-, collagen-, bacterial- and antigen-induced, arthritis, particularly rheumatoid arthritis.
Osteolytic lesions 1.0 include, but are not limited to adamantinoma, aneurysmal bone cyst (lesion),
angiosarcoma -- high grade, angiosarcoma - low grade, bone lesions of gaucher's disease, brown
tumor of hyperparathyroidism, chondroblastorna, chondromyxoid fibroma, chondrosarcoma,
chordorna, clear cell chondrosarcoma, conventional intramed.uilary osteosarcoma, degenerative joint
disease, desmoplastic fibroma, diaphyseal medullary stenosis with 15 malignant fibrous histiocytoma,
enchondroma, eositiophilic granuloma, epithelioid hemangioendothelioma, ewing's sarcoma of bone,
extraosseous osteosarcoma, fibrosarcoma, fibrous dysplasia" florid reactive periostitis, giant cell
tumor, glomus tumor, granulocytic sarcoma in bone, hardcastle's syndrome, hemangioma,
hemangiopericytom a, high-grade surface osteosareoma, hodgkin lymphoma of bone, intracortical
osteosarcoma, intraosseous 20 well-differentiated osteosaxcoma, juxtacortical chondroma, leukemia,
malignant fibrous hystioeytarna, melorheostosis, metastatic breast cancer, metastatic kidney cancer,
metastatic lung cancer, metastatic prostate cancer, multifocal osteosamorna, multiple myeloma,
myositis ossificans, neurofibronia of bone, non hoc:nil-tin lymphoma, nonossifying fibroma (fibrous
cortical defect), nora.'s lesion, osteoblastoma, osteochondroma, osteocliondromatosis (hmoce), 25
osteofibrous dysplasia, osteoid osteoma, stemma, osteomyelitis, osteopathia striata, osteopoilcilosis,
osteosarcoma, paget's disease, parosteal osteosarcoma, periosteal chondroma, periosteal
osteosarcoma, pigmented villonodular synovitis, post - paget's sarcoma, schwannoma of bone, small
cell osteosarcoma, solitary bone cyst, solitary fibrous tumor, solitary ray& oma (plasinacytoma),
subeliondral cyst, synovial chondromatosis, telangectatic 30osteosarcoma, "Tug" lesions -
metaphyseal fibrous defect, or unicameral bone cyst  I.SRC-RELATED ICINASE INHIBITORS      In
accordance with the present: invention. are provided. compounds of the structural formula 1: EN  CN
where n is an integer from 1-3; Xis N, CH, provided that when X is N, n is 2 or 3; It is an alkyl of 1 In 3
carbon atoms; R(1) is 14-did, 5-Olvie; 2,4-MCI; 3,4,5-tri-OMe; 2- Cl, 5- 01Me; 2-Me, 5-0Me; 2,4-di-Me;
2,4-diMe-5-0Mc, 2,4-diC1, 5-0Et; R(2) is an alkyl of 1 to 2 carbon atoms, and/or pharmaceutically
acceptable salts thereof. 



Embodiments of the present invention include methods and compositions for treating 

osteolytic lesions, bone-resorbing diseases or bone resorption related to a pathologic 

condition, generally including, but not limited to osteoporosis, arthritis, rheumatoid artluitis, 

cancer metastases to the bone, bone cancer, hypercalcemia, osteolytic lesions with orthopedic 

5 implants, Paget's disease, and bone loss associated with hyperparathyroidism. Representative 

cancers include, but are not limited to breast cancer, prostate cancer, colon cancer, 

endometrial cancer, multiple myeloma, renal cell carcinoma, head and neck cancers, and 

cervical carcinoma. Arthritic conditions include, but are not limited to adjuvant-, collagen-, 

bacterial- and antigen-induced arthritis, particularly rheumatoid artluitis. Osteolytic lesions 

10 include, but are not limited to adamantinoma, aneurysmal bone cyst (lesion), angiosarcoma­

high grade, angiosarcoma - low grade, bone lesions of gaucher's disease, brown tumor of 

hyperparathyroidism, chondroblastoma, chondromyxoid fibroma, chondrosarcoma, 

chordoma, clear cell chondrosarcoma, conventional intramedullary osteosarcoma, 

degenerative joint disease, desmoplastic fibroma, diaphyseal medullary stenosis with 

15 malignant fibrous histiocytoma, enchondroma, eosinophilic granuloma, epithelioid 

hemangioendothelioma, ewing's sarcoma of bone, extraosseous osteosarcoma, fibrosarcoma, 

fibrous dysplasia, florid reactive periostitis, giant cell tumor, glomus tumor, granulocytic 

sarcoma in bone, hardcastle's syndrome, hemangioma, hemangiopericytoma, high-grade 

surface osteosarcoma, hodgkin lymphoma of bone, intracortical osteosarcoma, intraosseous 

20 well-differentiated osteosarcoma, juxtacortical chondroma, leukemia, malignant fibrous 

hystiocytoma, melorheostosis, metastatic breast cancer, metastatic kidney cancer, metastatic 

lung cancer, metastatic prostate cancer, multifocal osteosarcoma, multiple myeloma, myositis 

ossificans, neurofibroma of bone, non hodgkin lymphoma, nonossifying fibroma (fibrous 

cortical defect), nora's lesion, osteoblastoma, osteochondroma, osteochondromatosis (hmoce), 

25 osteofibrous dysplasia, osteoid osteoma, osteoma, osteomyelitis, osteopathia striata, 

osteopoikilosis, osteosarcoma, paget's disease, parosteal osteosarcoma, periosteal chondroma, 

periosteal osteosarcoma, pigmented villonodular synovitis, post - paget's sarcoma, 

schwa11110ma of bone, small cell osteosarcoma, solitary bone cyst, solitary fibrous tumor, 

solitary myeloma (plasmacytoma), subchondral cyst, synovial chondromatosis, telangectatic 

30 osteosarcoma, "Tug" lesions -metaphyseal fibrous defect, or unicameral bone cyst 
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10Specific compounds of the invention include: compound 1 - 44(2,4-Dichloro-5- methoxyphenyl)
amino)-6-methoxy-7-(3-(4-methyl-l-piperazinyl) propoxy)-3- quinolinccarhonitHle; compound 2 -
4-((2,4-Dichioro-5-methoxyphen34) amino)-7-(3-(4- ethyl-1- piperazinyl)
propoxy)-6-methoxy-3-gainolinecarbonitrile; compound 3 - 4-[(2,4- Dichloro-5-rnethoxyphenyl)
amino]-6-methozy-712-(4- methyl-1 -piperazinyl) ethoxyl-3- 15quitiolincearbonitrile; compound 4-
4-[(2,4-Dicbloro-5-melnoxyphenypaminoj-712-(4-ethyl-
1.-piperazinypethoxy]-6-methoxy-3-guinolinecarbonitrile; compound 5 - 4-[(2,4-Dichloro-5-
methoxyphenyeamino]-6-methoxy-7-1(i -methylpiperidin-4-yl)methoxyl-3- guin.olinecarbonitrile;
compound 6 - 4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-
7-[2-(i-methylpiperidin-4-y1)ethoxyl-3-quinolinecarbonitrile;compound 7 - 44(2,4-
20Dichloro-5-methoryphenybaminol--methoxy-7-13-(1-methylpiperidin-4-
yepropoxylquinoline-3-carbonitrile;compound 8 - 4-[(2,4-Dichloro-5-methoxyphenyl)
amino]-7-[(1-ethylpiperidin-4-yOmethoxy]-6-methoxyquinoline-3-carbonitrile; compound 9 -
4-[(2,4-Dichloro-5-methoxyphenybamino]-6-ethoxy-7-13-(4-methylpiperazin-1-
y1)propoxylquitioline-3-catbonitrile;compound10-4-[(2,4-Dichloro-5-
methoxyphenyl)aminoll-6-ethoxy-7-[0-methylpiperidin-4-yihnethoxy]quinoline-3- carbonitrile; compound
11 - 4-[(2,4-Dichloro-5-methox3phenyl)amino]-6-ctiloxy-7-13-(4-
5ethylpiperazin-l-yl)propoxy]quino1ine4-carbonitri1e: compound 12 - 4-[(2,4-Dichlorci-5-
inethoxyphenyl)amin61-6-ethoxy-7-13-(1-methylpiperidin-4-yppropoxylquinoline-3- catidonitrile;
compound 13 - 4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-ethoxy-7-[2-(4-
methyl-1-piperazinyl)ethoxy]quinoline-3-carbonitrile; compound 14 - 4-1(2,4-Dichloro-5-
methoxyphenyl)aminoi-6-ethoxy-742-(1-methylpiperidin-4-yDethox.yjquinoline-3- 10earbonitrile;
compound 15 - 4-[(2,4-Dichloro-5-methoxypheny)amino]-6-methoxy-7-13-(4- 
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I. SRC~RELATED KINASE INIDBITORS 

In accordance with the present invention are provided compounds of the structural 

formula I: 

-;:/ 
I-Rl 

"~ 
f 

R20 
~ 

eN 

where n is an integer from 1-3; X is N, CH, provided that when X is N, n is 2 or 3; R is an 

alkyl of 1 to 3 carbon atoms; R(1) is 2,4-diCl, 5-0Me; 2,4-diCl; 3,4,5-tri-OMe; 2- Cl, 5-

OMe; 2-Me, 5-0Me; 2,4-di-Me; 2,4-diMe-5-0Me, 2,4-diCl, 5-0Et; R(2) is an alkyl of 1 to 2 

carbon atoms, andlor pharmaceutically acceptable salts thereof. 

10 Specific compounds of the invention include: compound 1 - 4-«2,4-Dichloro-5-

methoxyphenyl) amino )-6-methoxy-7-(3-( 4-methyl-l-piperazinyl) propoxy)-3-

quinolinecarbonitrile; compound 2 - 4-«2,4-Dichloro-5-methoxyphenyl) amino )-7-(3-( 4-

ethyl-1- piperazinyl) propoxy)-6-methoxy-3-quinolinecarbonitri.le; compound 3 - 4-[(2,4-

Dichloro-5-methoxyphenyl) amino J-6-methoxy-7 -[2-(4- methyl-l-piperazinyl) ethoxyJ-3-

15 quinolinecarbonitrile; compound 4 - 4-[(2,4-Dichloro-5-methoxyphenyl)an1ino ]-7 -[2-( 4-ethyl­

I-piperazinyl)ethoxy ]-6-methoxy-3 -quinolinecarbonitrile; compound 5 - 4-[(2,4-Dichloro-5-

methoxyphenyl) amino ]-6-methoxy-7 -[(1-methylpiperidin-4-yl)methoxyJ-3-

quinolinecarbonitrile; compound 6 - 4-[(2,4-Dichloro-5-methoxyphenyl)amino ]-6-methoxy-

7 -[2-( I-methylpiperidin-4-yl)ethoxy] -3-quinolinecarbonitrile; compound 7 - 4-[(2,4-

20 Dichloro-5-methoxyphenyl)amino)-6-methoxy-7 -[3-( I-methylpiperidin-4-

yl)propoxy]quino1ine-3-carbonitrile; compound 8 - 4-[(2,4-Dichloro-5-methoxyphenyl) 

am1no ]-7 -[(1-ethylpiperidin-4-yl)methoxy J-6-methoxyquinoline-3-carbonitrile; compound 9 -
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propy1-1-piperazinyl)propoxy]-3-quinolinecarbonitrile;compound 16 - 4-1(2,4-
dichlorophenyl)aminol-6-methoxy-74(1-methylpiperidin-4-y1)methoxyl-3- quinolinecarbonitrile;
compound 17 - 6-methoxy-7-[(1-methy1piperidin-4-yl)methoxy]-4-
[(3,4,5-trimethoxypheny1)anaino]quhioline-3-carbonittile; compound 18 - 4-[(2-chloro-5-
15inethoxyphenyl)am ino ]-6-meth xy-74(1-rnethylpiperidi n-4-yOmethoxy] quinol i ne-3- carbonitril e;
compound 19 - 6-methoxy-4-[(5-methoxy-2-methylphenypamino]-7-[(1- methylpiperidin-4-y1)
methoxy]quinoline-3-carbonitrile;compound 20 - 4-[(2,4-
dimethylphenyl)amino]-6-methoxy-7-[(1-methyipiperidin4-yl)methoxy]quinoline-3- carbonitrile;
compound 21 - e-methoxy-4-[(5-methoxy-2,4-dimethylphenyl)amino]-7-[(1-
20methy1piperidin-4-yi)methoxy]quinoline-3-carbonitri1e; compound 22 - 4-[(2,4-dichloro-5-
ethoxyphenyl)aminol-6-methoxy-7-10 miethylpiperidin-4-yinnethoxyl carbonitrile; and pharmaceutically
acceptable salts thereof       The compounds of this invention may be used for treating, ameliorating,
preventing, or inhibiting osteoclastogenesis or bone loss. In a preferred embodiment the compounds
are 25 used as part of a pharmaceutical composition. In a preferred embodiment, compound 1 - 4-
((2,4-Dichloro-5-methoxyphenyl) amino)-6-methoxy-7-(3-(4-methyl-l-piperazinyl) propoxy)-
3-quinolinecarbonitrile is used in inhibiting osteoclastogenesis or bone loss.       Pharmaceutically
acceptable salts are those derived from such organic and inorganic acids as: acetic, lactic, carboxylic,
citric, cinniunic, tartaric, succinic" fumaric, 30 malonic, mandelic., rnalic, oxalic, proDionic, hydrochloric,
hydrobromic, phosphoric, nitric, sulfuric, glycolic, pyruvic, methanesulfonic, ethanesulfonic,
toluenesulfonic, salicylic, benzoic, and similarly known acceptable acids.  



4-[(2,4-Dichloro-5-methoxyphenyl)amino ]-6-ethoxy-7 -[3-( 4-methylpiperazin-l-

yl)propoxy]quinoline-3-carbonitrile; compound 10 4-[(2,4-Dichloro-5-

methoxyphenyl) amino ]-6-ethoxy-7 -[(1-methylpiperidin-4-yl)methoxy]quinoline-3-

carbol1itrile; compound 11 - 4-[(2,4-Dichloro-5-methoxyphenyl)amino ]-6-ethoxy-7 -[3-(4-

5 ethylpiperazil1-1-yl)propoxy]quinoline-3-carbonitrile; compound 12 - 4-[(2,4-Dichloro-5-

methoxyphenyl)amino ]-6-ethoxy-7 -[3-(1-methylpiperidin-4-yl)propoxy ]quinoline-3-

carbonitrile; compound 13 - 4-[(2,4-Dichloro-5-methoxyphenyl)amino ]-6-ethoxy-7 -[2-(4-

methyl-l-piperazinyl)ethoxy]quinoline-3-carbonitrile; compound 14 - 4-[(2,4-Dichloro-5-

methoxyphenyl) amino ]-6-ethoxy-7 -[2-(1-methylpiperidin-4-yl)ethoxy]quinoline-3-

10 carbonitrile; compound 15 - 4-[(2,4-Dichloro-5-methoxyphenyl)amino ]-6-methoxy-7 -[3-(4-

propyl-l-piperazinyl)propoxy]-3-quinolinecarbonitrile; compound 16 4-[(2,4-

dichlorophenyl)amino ]-6-methoxy-7 -[ (l-methylpiperidin-4-yl)methoxy ]-3-

quinolinecarbonitrile; compound 17 - 6-methoxy-7-[(1-methylpiperidin-4-yl)methoxy]-4-

[(3,4,5-trimethoxyphenyl)amino]quinoline-3-carbonitrile; compound 18 - 4-[(2-chloro-5-

15 methoxyphenyl) amino J-6-methoxy-7-[(1-methylpiperidin-4-yl)methoxy]quinoline-3-

carbonitrile; compound 19 - 6-methoxy-4-[(5-methoxy-2-methylphenyl)amino ]-7 -[ (1-

methylpiperidin-4-yl) methoxy]quinolille-3-carbonitrile; compound 20 4-[(2,4-

dimethylph ellyl) amillo ]-6-methoxy-7 -[ (1-methylpiperidin-4-yl)methoxy ]quinoline-3-

carbonitrile; compound 21 - 6-methoxy-4-[ (5-methoxy-2,4-dimethylphenyl)amino] -7-[ (1-

20 methylpiperidin-4-yl)methoxy]quinoline-3-carbonitrile; compound 22 - 4-[(2,4-dichloro-5-

ethoxyphenyl)amino ]-6-methoxy-7 -[ (1-methylpiperidin-4-yl)methoxy] quinoline-3-

carbonitrile; and pharmaceutically acceptable salts thereof. 

The compounds of this invention may be used for treating, ameliorating, preventing, 

or inhibiting osteodastogenesis or bone loss. In a preferred embodiment the compounds are 

25 used as part of a pharmaceutical composition. In a preferred embodin1ent, compound 1 - 4-

«2,4-Dichloro-5-methoxyphenyl) an1ino )-6-methoxy-7 -(3-( 4-methyl-l-piperazinyl) propoxy)-

3-quinolinecarbonitrile is used in inhibiting osteodastogenesis or bone loss. 

Pharmaceutically acceptable salts are those derived from such organic and inorganic 

acids as: acetic, lactic, carboxylic, citric, cinnamic, tartaric, succinic, fumaric, maleic, 

30 malonic, mandelic, malic, oxalic, propionic, hydrochloric, hydrobromic, phosphoric, nitric, 

sulfuric, glycolic, pyruvic, methanesulronic, ethanesulfonic, toluenesulfonic, salicylic, 

benzoic, and similarly lmown acceptable acids. 
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The term "alkyl" refers to the radical of saturated aliphatic groups, including straight chain alkyl groups,
branched-chain alkyl groups, cycloalkyl (alleyclic) groups, alkyl substituted cycloalkyl groups, and
cyeloalkyl substituted alkyl groups. In a preferred embodiment, a straight chain or branched chain alkyl
has 3 or fewer carbon atoms in its 5 backbone.      The compounds may be provided by oral; intrales
onal; intraperitoneal; intramuscular or intravenous injection; infusion; liposome-mediated delivery;
topical; nasal; anal; vaginal; sublingual; uretheral; transdermal; intrathecal; ocular or Ode delivery, In
order to obtain consistency in providing the compound of this invention it is preferred that a compound
of the 10  invention is in the form of a unit dose. Suitable unit dose forms include 'tablets, capsules and
powders in sachets or vials. Such unit dose forms may contain from 0.1, 0.5, 1, 10, 100, 200 to 300 ng
or mg of a compound of the invention, including all values and ranges there between, and in certain
aspects from 2 to 100 ng or mg. In another embodiment the unit dosage forms contain 50 to 150 mg of
a compound of the present invention. The compounds 15  of the present invention can be
administered orally or by other well known routes of administration. Such compounds may be
administered from 1, 2, 3, 4, 5 to 6 times a day, more usually from 1, 2, 3, to 4 times a day, week or
month, over weeks, months or years. The effective amount will be determinable by one of skill in the
art; it will also be dependent upon the form of the compound. One of skill in the art could routinely
perform empirical activity 20 tests to determine the bloactivity of the compound in bioassays and thus
determine what dosage to administer, as well as extrapolating and analyzing clinical trial data.      The
compounds of the invention may be formulated with conventional excipients, such as a filler, a
disintegrating agent, a binder, a lubricant; a flavoring agent, a color additive, or a carrier. The carrier
may be for example a diluent, an aerosol, a topical carrier, an 95  aqueous solution, a nonaqueous
solution or a solid carrier. The carrier may be a polymer. A carrier in this invention encompasses any
of the standard pharmaceutically accepted carriers; such as phosphate buffered saline solution,
acetate buffered saline solution, water, emulsions such as an oil/water emulsion or a Miglyeeride
emulsion, various types of wetting agents, tablets, coated tablets and/or capsules. 30When provided
orally or topically, such compounds would be provided to a subject by delivery in different carriers.
Typically, such carriers contain excipients such as starch, milk, sugar, certain types of clay, gelatin,
stearic acid, tale, vegetable fats or oils, gums, or glycols.  The specific carrier would need to be
selected based upon the desired method of delivery, for example, phosphate buffered saline (PBS)
could be used for intravenous or systemic delivery and vegetable fats, creams, salves, ointments or
gels may be used for topical delivery. The compounds of the present invention may be delivered
together with suitable 



The term "alkyl" refers to the radical of saturated aliphatic groups, including straight­

chain alkyl groups, branched-chain alkyl groups, cycloalkyl (alicyclic) groups, alkyl 

substituted cycloalkyl groups, and cycloalkyl substituted alkyl groups. hl a preferred 

embodiment, a straight chain or branched chain alkyl has 3 or fewer carbon atoms in its 

5 backbone. 

The compounds may be provided by oral; intralesional; intraperitoneal; inimnmscular 

or intravenous injection; infusion; liposome-mediated delivery; topical; nasal; anal; vaginal; 

sublingual; uretheral; transdennal; intrathecal; ocular or otic delivery. In order to obtain 

consistency in providing the compound of this invention it is preferred that a compound of the 

10 invention is in the f01111 of a unit dose. Suitable unit dose f01111s include tablets, capsules and 

powders in sachets or vials. Such unit dose forms may contain D.-om 0.1,0.5,1, 10, 100,200 

to 300 ng or mg of a compound of the invention, including all values ~md ranges there 

between, and in celiain aspects from 2 to 100 ng or mg. In another embodiment the unit 

dosage f01111S contain 50 to 150 mg of a compound of the present invention. The compounds 

15 of the present invention can be administered orally or by other well known routes of 

administration. Such compounds may be administered from 1, 2, 3, 4, 5 to 6 times a day, 

more usually from 1,2, 3, to 4 times a day, week or month, over weeks, months or years. The 

effective amount will be determinable by one of skill in the art; it will also be dependent upon 

the form of the compound. One of skill in the art could routinely perf 01111 empirical activity 

20 tests to determine the bioactivity of the compound in bioassays and thus detennine what 

dosage to administer, as well as extrapolating and analyzing clinical trial data. 

The compounds of the invention may be formulated with conventional excipients, 

such as a filler, a disintegrating agent, a binder, a lubricant, a flavoring agent, a color additive, 

or a canier. The carlier may be for example a diluent, an aerosol, a topical carrier, an 

25 aqueous solution, a nonaqueous solution or a solid carrier. The carrier may be a polymer. A 

carrier in this invention encompasses any of the standard pharmaceutically accepted carriers, 

such as phosphate buffered saline solution, acetate buffered saline solution, water, emulsions 

such as an oil/water emulsion or a triglyceride emulsion, various types of wetting agents, 

tablets, coated tablets and/or capsules. 

30 When provided orally or topically, such compounds would be provided to a subject by 

delivery in different carriers. Typically, such carriers contain excipients such as starch, mille, 

sugar, certain types of clay, gelatin, stearic acid, talc, vegetable fats or oils, gums, or glycols. 

12 

5 diluents, preservatives, sobibilizers, emulsifiers, adjuvants and/or carriers useful in treatment or
prevention of an osteolytic lesion and/or bone loss. Such compositions are liquids or lyophilized or
otherwise dried formulations and include diluents of various buffer content (for example, Tris-liel,
acetate, phosphate), pH and ionic strength, additives such as albumins or gelatin to prevent absorption
to surfaces, detergents (for example, TWEEN 20, TAMEN 80, 10 PLURONIC F68, bile acid salts),
solubilizing agents (for example, glycerol, polyethylene glycerol), anti-oxidants (for example ascorbic
acid, sodium metabisulfate), preservatives (for example, thimerosal, benzyl alcohol, parabens), bulking
substances or tonicity modifiers (for example, lactose, mannitol), covalent attachment of polymers
such as polyethylene glycol, complexation with metal ions, or incorporation of the compound into or
onto particulate 15 preparations of hydrogels or liposomes, micro-emulsions, micelles, unilamellar or
multilamellar vesicles, erythrocyte ghosts, or spheroblasts. Such compositions will influence the
physical state, solubility, stability, rate of in vivo release, and rate of in vivo clearance of the compound
or composition. The choice of compositions will depend on the physical and chemical properties of the
compound capable of treating, ameliorating or preventing a 20particular condition or disease state.
The compound of the present invention may be delivered locally via, a capsule that allows a sustained
release of the compound over a period of time. Controlled or sustained release compositions include
formulation in lipophilic depots (for example, fatty acids, waxes, oils).      The present invention finth.er
provides a compound of the invention for use as an active therapeutic substance for treating,
regulating, ameliorating, preventing, or inhibiting osteoclastogenesis or bone loss.      The present
invention further provides a method of treating bone loss in humans, which comprises administering to
the individual, diagnosed with or at risk of developing an 30osteol3rtic lesion, an effective amount of a
compound or a. pharmaceutical composition of the invention. The dose provided to a patient will vary
depending upon what is being  administered, the purpose of the administration, the manner of
administration; and the like. A "therapeutically effective amount" is an amount sufficient to cure, reduce
or ameliorate symptoms of bone loss.          The compounds of the invention may be delivered alone or
in combination with other 5compounds used to treat any related disease state or pathologies.      The
compounds of this invention were prepared from; (a) commercially available starling materials (b)
known starting materials which can be prepared as described in the literature or (c) new intermediates
described in the schemes and experimental procedures referenced herein. Compounds included in
this invention can be prepared according to the 10 synthesis routes disclosed in U.S. Patents
6,002,008 and 6,780,996; and U.S. Patent Application 20050101780AI, which are each incorporated
herein by reference in their entireties. 
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Reactions are performed in ,a solvent appropriate to the reagents and materials employed and
suitable for the reactions being effected. It is understood by those skilled in the 15 art of organic
synthesis that the various functionalities present on the molecule must be consistent with the chemical
transformations proposed. When not specified, order of synthetic steps, choice of protecting groups
and deprotection conditions will be readily apparent to those skilled in the att. In addition, in some
instances, substituents on the startin.g materials may be incompatible with certain reaction conditions.
Restrictions pertinent to 70given substituents will be apparent to one skilled in the art. Reactions are
run under inert atmospheres where appropriate.       The preparation of compounds of Formula I have
been reported in the literature, (13oschelli at al., 2001a; Boschelli at al., 2001b; Boschelli et al., 2003;
Boschelli at al., 2004, and Ye at al., 2001, each of which is incorporated herein by reference). 25 II.
BONE ABSORPTION-RESORPTION CYCLE           = hone tissue is continuously being replenished
by the process of resorption and deposition of calcium minerals. This process, described as, the
absorption-resorption cycle, is facilitated by two cell types, the osteoblasts and the osteoclasts. The
osteociast is a multinucicated cell and is the only cell in the body known to have the capacity to
degrade (or 30resorb) bone. This resorption activity is accomplished by the osteoclast forming pits
(resorption lacunae) in bone tissue. In fact, osteoclast activity in cell culture is measured by  their
capacity to form these pits on slices of mineralized tissue such as bone or sperm whale dentine. The
osteoclast is derived from a hematopoietic precursor which it shares with the Mimed elements of the
blood (Takahashi et al., 1987). The precursor for the osteoclast is a mononuclear cell (cell with a
single nucleus) which is found in the bone marrow and which 5 forms the mature and unique
multinucleated osteoclast after undergoing replication and differentiation by means of cell fusion, The
mature osteoclast is distinguished from other multinucleated cells by the presence of the enzyme
tartrate-resistant acid phosphatase (TRAY) which is often used as an osteoclast cell marker. Among
the pathological conditions associated with an abnormal osteociast 10 development or function are
conditions wherein increased, bone resorption results in the development of fragile and/or brittle bone
structure, such as osteoporosis, or increased bone absorption results in the development of excess
bone mass, such as osteopetrosis. It is believed that the development of excess or deficient
populations of osteoclasts or osteoblasts results from a corresponding lack or excess of specific
cytolcines. 
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15Ivlany of the known cytokines stimulate or inhibit blood cells: Several growth regulatory cytokines
such as M-CSF, transforming gowth factor alpha (TOP-a), interleuldn1(IL-1) and tumor necrosis factor
(TNF) have been shown to stimulate marrow mononuclear cell proliferation. Although eytokines such
as interlettkin-l; tumor necrosis factor and interleukin-6 (IL-6) may influence osteoelast formation and
differentiation (Mundy, 1990), 20these factors are not specific osteoclast growth regulatory factors.
Knockout mouse models of RANKL, RANK, and osteoprotegerin decoy receptor (GPO) have
demonstrated an essential role of these molecules in osteoclastogenesis (i.e., bone remodeling). The
biological importance of these molecules is underscored by the induction of severe osteoporosis by
targeted disruption of OPG and by the induction of osteonetrosis by 25 targeted disruption of RANKI,
or by overexpression of OPG (Bucay et al., 1998; Kong et at, 1999; Mizuno et al., 1998). Thus,
ostcoclast formation may be attributed to the relative ratio of RANKL to OPCi in the Microenvironment
of bone marrow, and alterations in this balance may be a major cause of bone loss in many metabolic
bone disorders. Similar to RANKL -I-mice, targeted disruption of RANK also leads to an osteopetrotic
phenotype (Dougall et at, 30 1999; Li at at, 2000). Both RANK -/- and RANKL -I- mice exhibited
absence of osteoclasts, indicating the essential requirement of these molecules for
osteoclastogenesis. Furthermore, RANK and RANKL are required for lymph node organogenesis and
early B and T cell  development (Dougall at at, 1999 Kong at at, 1999). Additionally, mice lacking
TRAPP (Lomaga at al., 1999), c-Src (Soriano et al., 1991), c-Fos (Johnson at at, 1992), or the NIi-kB
subunits p50/p52 (Franzoso at at, 1997; Iotsova at al., 1997) also display an osteopetrotie phenotype;
though these mutant mice have osteoclasts, these cells apparently have defects in 5bone resorption.
Maintenance of bone integrity requires a dynamic balance between bone formation and bone
resorption. The net pool size of active osteociasts is determined by the net effects of differentiation and
fusion of osteoclast precursors and by the activity and rate of apoptosis of active osteoelasts. Although
various eytokines (TNT, IL-1, IL-6, IL-11, TGFa) and 10 molecules (1.1a, 25-dihydroxyvitamin D3 and
glucocorticoids) expressed by osteoblast lineage cells have been shown to play a role in osteoclast
differentiation, i.t appears that the essential factors are RANKL (produced by osteoblasts) and RANK
(expressed on osteoclasts and osteoclast progenitors), as well as the resultant intracellular signaling
mechanisms and pathways. There is also a requirement for M-CSF, but its function still remains
elusive, but is 15probably only required for the initiation of differentiation of the early osteoelast
progenitors and survival.       The human skeleton is continuously remodeled, normally turning over in
about 2 years and allows use of skeletal mineral in calcium homeostasis. The strength and shape of
the skeleton is preserved by segmental replacement: a bone section is degraded by osteoclasts, 
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90 formed from monocyte-macrophage precursors (Scheven at at, 1986; and. Fujikawa at al., 1996),
while osteoblasts, derived from stomal cells, synthesize new bone (Rickard, at at, 1996). These
unrelated cells differentiate in a coupled mariner, producing a new bone section in a few weeks.
Osteoclasts, which are multinucleated giant cells, arise from hematopoietie stem cells 25 and are the
primary cells responsible :for physiological and pathological bone resorption. Osteoclasts are
specialized for the removal of both the inorganic and organic phases of bone (Blair at at, 1986).
Changes in the levels of eytokines and growth factors in bone microenvironment cause abnormal bone
resorption by the osteoclasts (for a review see Mundy, at al., 1.997). Accordingly, forced expression of
IL-4 (Lewis, at al., 1993), and 0- 30 CSF (Takahashi, at al., 1996) ihi mice induced osteopenia, while
mice overexpressing soluble TNE-a. receptor (Ammann, at at, 1997) or depleted of the IL-6 gene (Poll,
at at, 1994) are protected against bone loss caused by estrogen deficiency.        Dissolution of the
hydroxyapatite mineral phase is dependent upon acidification of the subosteoclastic resorption lacuna,
via the action of carbonic anhydrase II and a proton pump (Vacs, 1968; Baron eta!,, 1985; Blair at al.,
1992). Excessive bone resorption by osteoelasts contributes to the pathology of ninny human 5
diseases including arthritis, osteoporosis, periodontitis, and hypercalcemia of malignancy. During
resorption, osteoclasts remove both the mineral and organic components of bon.e (Blair at al., 1986).
The current major bone diseases of public concern are osteoporosis, hypercalcemia of malignancy,
osteopenia due to bone metastases, periodontal disease, hyperparathyroidism, periarticular erosions
in rheumatoid arthritis. Paget's disease, 10 immobilization-induced osteopenia, and glueocorticoid
treatment. All these conditions are characterized by bone loss, resulting from an imbalance between
bone resorption (breakdown) and bone formation, which continues throughout life at the rate of about
14% per year on the average. However, the rate of bone turnover differs from site to site, for example
it is higher in the trabecular bone of the vertebra.e and the alveolar bone in the jaws than in the
cortices of 15 the long bones, The potential for bone loss is directly related to turnover and can amount
to over 5% per year in vertebrae immediately following menopause, a condition Which leads to
increased fracture risk. Turnover may be effected by an increase or decrease in osteoblast activity or
an increase or decrease in osteoclast activity. Compositions and methods for modulating osteoclast
and/or osteohiast in a subject would be useful in the treatment of a 20variety of diseases or conditions
associated with bone loss.      All the conditions listed above would benefit from treatment with agents
which inhibit or regulate osteoclastogenesis or bone resorption. One mechanism for the inhibition of
bone resorption is the inhibition of esteoclast precursor cell fusion. METHODS FOR TREATING
OSTEOLYTIC CONDITIONS 25The present invention involves the treatment of subjects with a
pathological bone 
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resorbtion malady or condition. The term "therapeutic benefit" refers to anything that promotes or
enhances the well-being of the subject with respect to the medical treatment of his/her condition, which
includes treatment of osteolytic conditions and/or regulation of bone resorption, osteoelast activity,
and/or osteoclastogenesis.  A.Pharnmeeufical Formulations and Delivery       In certain embodiments
of the present invention, methods involving delivery of one or more compounds of the invention are
contemplated. Examples of diseases and conditions that may be prevented, ameliorated, or treated
with one or more compound of the invention 5  include bone loss associate with cancer metastasis to
the bone, which includes, but is not limited to lung, head and neck, breast, pancreatic, prostate, renal,
bone, testicular, cervical, gastrointestinal, colon, bladder and other cancer metastases, as well as
other diseases or condition, related to or associated with osteolytic lesions. An "effective amount" of
the pharmaceutical composition, generally, is defmed as that 10  amount sufficient to detectably and
repeatedly to achieve the stated desired result, for example, to ameliorate, reduce, minimize or limit
the extent of the osteolytie condition or disease, or its symptoms. In certain aspects, more rigorous
definitions may apply, including prevention, elimination, eradication or cure of disease. In certain
specific embodiments, it is desired to inhibit osteoelastogenesis or otherwise 15  reverse, hinder or
reduce the resorption of bone using the methods and compositions of the present invention. The
routes of administration will vary, naturally, with the location and nature -of the lesion and may include,
for example, intradermal, subcutaneous, regional, parenteral, intravenous, intramuscular, intranasal,
systemic, and oral administration and formulation. 20Continuous administration also may be applied
where appropriate. Delivery via syringe or catlaerization is contemplated. Such continuous perfusion
may take place for a period from about 1-2 hours, to about 2-6 hours, to about 6-12 hours, to about
12-24 hours, to about 1-2 days, to about 1-2 wk or longer following the- initiation of treatment.
Generally, the dose of the therapeutic composition via continuous perfusion will be equivalent to that
given 25by a single Or multiple injections, adjusted over a period of time during which the perfusion
occurs. The treatnents may include various "unit doses." Unit dose is defined as containing a 
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predetermined-quantity of the therapeutic composition. The quantity to be administered, and the
particular route and formulation, are within the skill of those in the clinical arts. A unit 30 dose need not
be administered as a single injection but may comprise continuous infusion over a set period of time.
Unit dose of the present invention may conveniently be described in  terms of mg per volume of
formulation or weight (e.g., milligrams  or mg) of therapeutic composition.      In some embodiments,
the method for the delivery of a composition comprising one or more compositions of the invention is
via systemic administration. However, the 5  pharmaceutical compositions disclosed herein may
alternatively be administered parenterally, subcutaneously; intratracheally, intravenously,
intradermally, intramuscularly, or even intraperitoneally, Injection may be by syringe or any other
method used for injection of a solution. Solutions of the active compounds as free base or
pharmacologically acceptable salts 10 may be prepared in water suitably mixed with a surfactant, such
as hydroxypropylcellulose. Dispersions may also be prepared in glycerol, liquid polyethylene glycols;
and mixtures thereof and in oils. Under ordinary conditions of storage and use, these preparations
contain a preservative to prevent the growth of microorganisms. The pharmaceutical forms suitable for
injectable use include sterile aqueous solutions or dispersions and sterile powders for the 15
extemporaneous preparation of sterile injectable solutions or dispersions (U.S. Patent 5,466;468,
specifically incorporated herein by reference in its entirety). In all cases the form must be sterile and
must be fluid to the extent that easy syringability exists. It must be stable under the conditions of
manufacture and storage and must be preserved against the contaminating action of microorganisms,
such as bacteria and fungi.      The carrier can be a. solvent or dispersion medium containing, for
example, water; ethanol, polyol (e.g., glycerol, propylene glycol, and liquid polyethylene glycol, and the
like), suitable mixtures thereof, and/or vegetable oils, Proper fluidity may be maintained, for example,
by the use of a coating, such as lecithin, by the maintenance of the required particle size in the case of
dispersion and by the use of surfactants. The prevention of the action of 25  microorganisms can be
brought about by various antibacterial and antifungal agents, for example, parabens, chlorobutanol,
phenol, sorbic acid, thimerosal, and the like. In many cases, it will be preferable to include isotonic
agents, for example, sugars Or sodium chloride. Prolonged absorption of the injectable compositions
can be brought about by the use in the compositions of agents delaying absorption, for example;
aluminum monostearate and gelatin. 30For parenteral administration in an aqueous solution; for
example, the solution should 
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be suitably buffered if necessary and the liquid diluent first rendered isotonic with sufficient  saline or
glucose. These particular aqueous solutions are especially suitable for intravenous, intramuscular,
subcutaneous, intratamoral and intraperitoneal administration. In this connection, sterile aqueous
media which can be employed will be known to those of skill in the art in light of the present disclosure.
For example, one dosage may be dissolved in 1 ml of 5 isotonic NaCt solution and either added to
1000 nil of hypodermoclysis fluid or injected at the proposed site of infusion, (see fm example,
"Remington's Pharmaceutical Sciences' 15th Edition, pages 1035-1038 and 1570-1580), Some
variation in dosage will necessarily occur depending on the condition of the subject being treated. The
person responsible for administration will, in any event, determine the appropriate dose for the
individual subject. 10Moreover, for human administration, preparations should meet sterility,
pyrogenicity, general safety and purity standards as required by FDA Office of Biologics standards.
Sterile injectable solutions are prepared by incorporating the active compmmds in the required amount
in the appropriate solvent with various of the other ingredients enumerated above, as required,
followed by filtered sterilization. Generally, dispersions are prepared by 15 incorporating the various
sterilized active ingredients into a sterile vehicle which contains the basic dispersion medium and the
required other ingredients from those enumerated above, In the case of sterile powders for the
preparation of sterile injectable solutions, the some methods of preparation are vacuum-drying and
freeze-drying techniques which yield a powder of the active ingredient plus any additional desired
ingredient from a previously sterile-filtered 20solution thereof.       The compositions disclosed herein
may be formulated in a. neutral or salt form. Pharmaceutically-acceptable salts, include the acid
addition salts (formed with the free amino groups of the protein) and which are foinied with inorganic
acids such as, for example, hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic,
tartaric, mandelic, 25 and the like. Salts formed with the free carboxyl groups can also be derived from
inorganic bases such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides,
and such organic bases as isopropylaraine, trimethylamine, histidine, procaine and the like. Upon
formulation, solutions will be administered in a manner compatible with the dosage formulation and in
such amount as is therapeutically effective. The formulations are easily 30administered in a variety of
dosage forms such as injectable solutions, drug release capsules and the like.  
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5,466,468, specifically incorporated herein by reference in its entirety). In all cases the fonn 

must be sterile and must be fluid to the extent that easy syringability exists .. It must be stable 

under the conditions of manufacture and storage and must be preserved against the 

contaminating action of microorganisms, such as bacteria and fungi. 

20 The carrier can be a solvent or dispersion medium containing, for example, water, 

ethanol, polyol (e.g., glycerol, propylene glycol, and liquid polyethylene glycol, and the like), 

suitable mixtures thereof, and/or vegetable oils. Proper fluidity may be maintained, for 

example, by the use of a coating, such as lecithin, by the maintenance of the required particle 

size in the case of dispersion and by the use of surfactants. The prevention of the action of 

25 microorganisms can be brought about by various antibacterial and antifungal agents, for 

example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many 

cases, it will be preferable to include isotonic agents, for exanlple, sugars or sodium chloride. 

Prolonged absorption of the injectable compositions can be brought about by the use In the 

compositions of agents delaying absorption, for example, aluminum monostearate and gelatin. 

30 For parenteral administration in an aqueous solution, for example, the solution should 

be suitably buffered if necessary and the liquid diluent first rendered isotonic with sufficient 

19 

As used herein, "carrier" includes any and all solvents, dispersion media, vehicles, coatings, diluents,
antibacterial and antifungal agents, isotonic and absorption delaying agents, buffers, carrier solutions,
suspensions, colloids, and the like. The use of such media and agents for pharmaceutical active
substances is well known in the art. Except insofar as 5  any conventional media or agent is
incompatible with the active ingredient, its use in the therapeutic compositions is contemplated.
Supplementary active ingredients can also be incorporated into the compositions.      The phrase
"pharmaceutically acceptable" refers to molecular entities and compositions that do not produce an
allergic or similar untoward reaction when administered 10 to a human. The preparation of an aqueous
composition that contains a protein as an active ingredient is well understood in the art. Typically, such
compositions are prepared as injeetables, either as liquid solutions or suspensions; solid forms
suitable for solution in, or suspension in, liquid prior to injection can also be prepared.. B.Combination
Treatments 15hi certain embodiments, the compositions and methods of the present invention involve
a compound inhibiting or regulating bone resorption, osteoclast activity, and/or osteoclastogenesis,
which in turn may be used in combination with other agents or compositions to enhance the effect of
other treatments, such as anti-neoplatic treatments, to better die quality of life of a subject being
treated. These compositions word be provided in 20 a combined amount effective to achieve the
desired effect, for example, the killing or growth inhibition of a cancer cell and the inhibition of
osteociasotgenesis, the activity of osteoclasts, or the resorption of bone. This process may involve
contacting the cells with a composition of the invnetion, and a second therapeutic agent(s) or multiple
factor(s) at the same time. This may be achieved by contacting the cell with a single composition or
pharmacological 25  formulation that includes two or more agents, or by contacting the cell with two or
more distinct compositions or formulations wherein at least one composition includes a composition of
the invention and one or more other compositions includes at least a second therapeutic agent. hi one
embodiment of the present invention, it is contemplated that anti-osteoulast 30  therapy is used in
conjunction with immune therapy intervention, in addition to pro-apoptotic, anti-angiogenic,
anti-cancer, or cell cycle regulating agents. Alternatively, the therapy may precede or follow the other
agent treatment by intervals ranging from minutes to weeks. in  embodiments where one or more
second therapeutic agent and an anti-osteoclast therapy are applied separately to a cell; tissue, organ
or subject, one would generally ensure that a significant period of time did not expire between the time
of each delivery; such that the second, agent and the inventive composition would still be able to exert
an advantageously  5 combined effect on the subject. In such instances, it is contemplated that one
may contact the cell with both modalities within about 12-24 h of each other and, more preferably,
within about 6-12 h of each other. In some situations, it may be desirable to extend the time period for
treatment significantly, however, where several d (2, 3, 4, 5, 6 or 7) to several wk (1, 2, 3; 4, 5, 6; 7 or
8) lapse between the respective administrations. 



saline or glucose. These particular aqueous solutions are especially suitable for intravenous, 

intramuscular, subcutaneous, intratumoral and intrapelitoneal admi11ish'ati011. In this 

cOlmection, sterile aqueous media which can be employed will be known to those of siall in 

the art in light of the present disclosure. For example, one dosage may be dissolved in 1 ml of 

5 isotonic NaCl solution and either added to 1000 ml of hypodermoclysis fluid or injected at the 

proposed site of infusion, (see for example, "Remington's Pharmaceutical Sciences" 15th 

Edition, pages 1035-1038 and 1570-1580). Some variation in dosage will necessarily occur 

depending on the condition of the subject being treated. The person responsible for 

administration will, in any event, determine the appropriate dose for the individual subject. 

10 Moreover, for human administration, preparations should meet sterility, pyrogenicity, general 

safety and purity standards as required by FDA Office of Biologics standards. 

Sterile injectable solutions are prepared by incorporating the active compounds in the 

required amount in the appropriate solvent with various of the other ingredients enumerated 

above, as required, followed by filtered sterilization. Generally, dispersions are prepared by 

15 incorporating the various sterilized active ingredients into a sterile vehicle which contains the 

basic dispersion medium and the required other ingredients from those enumerated above. In 

the case of sterile powders for the preparation of sterile injectable solutions, the some methods 

of preparation are vacuum-drying and freeze-drying techniques which yield a powder of the 

active ingredient plus any additional desired ingredient from a previously sterile-filtered 

20 solution thereof. 

The compositions disclosed herein may be formulated in a neuh'al or salt form. 

Pharmaceutically-acceptable salts, include the acid addition salts (fonned with the free amino 

groups of the protein) and which are formed with inorganic acids such as, for example, 

hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic, 

25 and the like. Salts formed with the free carboxyl groups can also be derived from inorganic 

bases such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and 

such organic bases as isopropyl amine, trimethylamine, histidine, procaine and the like. Upon 

formulation, solutions will be administered in a manner compatible with the dosage 

fonnulation and in such amount as is therapeutically effective. The fOIDmlations are easily 

30 administered in a variety of dosage forms such as injectable solutions, drug release capsules 

and the like. 
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10'Various combinations may be employed, for example a composition of the present invention is "A"
and a second therapy; such as chemotherapy, is "B": A/B/A BIAJB B/B/A AA/3 A/Bilt BIA/AB/A/B/B
B/D/B/AB/B/A/13 A/AIB/B A/B/A/B A/B/I3/A D/B/AIA B/A/B/A B/A/AJB A/A/A/B D/A/A/A A/B/AJA
A/A/B/A 15Administration of the anti-osteoclast compositions of the present invention to a patient will
follow general protocols for the administration of such compositions, taking into account the toxicity; if
any. It is expected that the treatment cycles would be repeated as necessary. It also is contemplated
that various standard therapies, as well as surgical intervention, may be applied in combination with
the described therapy. 20In specific embodiments, it is contemplated that an anti-cancer therapy, such
as chemotherapy; radiotherapy, or immunotherapy, is employed in combination with the antiosteoclast
therapies described herein. 1.Chemotherapy Cancer therapies also include a variety of combination
therapies with both chemical 25 and radiation based treatments. Combination chemotherapies include,
for example, cisplatin (CDDP), earboplatin, procarbazine, mechlorethamine, cyclophosuhamide,
camptothecin, ifosfamide, melphalan, chloranabucil, busulfan; nitrosurea, dactinomyein, damorubicin; 



As used herein, "can'ier" includes any and all solvents, dispersion media, vehicles, 

coatings, diluents, antibacterial and antifungal agents, isotonic and absorption delaying 

agents, buffers, carrier solutions, suspensions, colloids, and the like. The use of such media 

and agents for pharmaceutical active substances is well known in the art. Except insofar as 

5 any conventional media or agent is incompatible with the active ingredient, its use in the 

therapeutic compositions is contemplated. Supplementary active ingredients can also be 

incorporated into the compositions. 

The phrase "pharmaceutically acceptable" refers to molecular entities and 

compositions that do not produce an allergic or similar untoward reaction when administered 

10 to a human. The preparation of an aqueous composition that contains a protein as an active 

ingredient is well understood in the art. Typically, such compositions are prepared as 

injectables, either as liquid solutions or suspensions; solid fonns suitable for solution in, or 

suspension in, liquid prior to injection can also be prepared. 

B. Combination Treatments 

15 In certain embodiments, the compositions and methods of the present invention 

involve a compound inhibiting or regulating bone resorption, osteoclast activity, and/or 

osteoclastogenesis, which in tum may be used in combination with other agents or 

compositions to enhance the effect of other treatments, such as anti-neoplatic treatments, to 

better the quality oflife of a subject being treated. These compositions would be provided in 

20 a combined amount effective to achieve the desired effect, for example, the killing or growth 

inhibition of a cancer cell and the inhibition of osteoclasotgenesis, the activity of osteoclasts, 

or the resorption of bone. This process may involve contacting the cells with a composition 

of the invnetion, and a second therapeutic agent(s) or multiple factor(s) at the same time. This 

may be achieved by contacting the cell with a single composition or phannacological 

25 formulation that includes two or more agents, or by contacting the cell with two or more 

distinct compositions or fonnulations wherein at least one composition includes a 

composition of the invention and one or more other compositions includes at least a second 

therapeutic agent. 

In one embodiment of the present invention, it is contemplated that anti-osteoclast 

30 therapy is used in conjunction with immune therapy intervention, in addition to pro-apoptotic, 

anti-angiogenic, anti-cancer, or cell cycle regulating agents. Alternatively, the therapy may 

precede or follow the other agent treatment by intervals ranging from minutes to weeks. In 
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doxonibicin, bleomyein, plicomycin, mitomycin, etoposide (VP 16), tamoxifen; raloxifene, estrogen
receptor binding agents; taxol, gemcitabien, navelbinc, farnesyl-protein tansferase  inhibitors,
uansplatimun, 5-fluorouracil, vincristin, vinblastin and methotrexate, or any analog or derivative variant
of the foregoing. 2. Radiotherapy Other factors that cause DNA damage and have been used
extensively include what 5 are commonly known as ''rays, X-rays, and/or the directed delivery of
radioisotopes to tumor cells. Other fonns of DNA damaging factors are also contemplated such as
microwaves, proton beam irradiation (U.S. Patent 5,760,395 and. U.S. Patent 4,870,287) and
UV-irradiation. It is most likely that all of these factors effect a broad range of damage on DNA, on the
precursors of DNA, On the replication and repair of DNA, and on the assembly and 10 maintenance of
chromosomes. Dosage ranges for X-rays range from daily doses of 50 to 200 roentgens for prolonged
periods of time (3 to 4 wk), to single doses of 2000 to 6000 roentgens. Dosage ranges for
radioisotopes vary widely, and depend on the ball-life of the isotope, the strength and type of radiation
emitted, and the uptake by the neoplastic cells. The terms "contacted': and exposed," when applied to
a cell, are used herein to 15 describe the process by which a therapeutic composition and a
chemotherapeutic or radiotherapeutic agent are delivered to a target cell, tissue or subject, or are
placed in direct juxtaposition. 3. Immunotherapy In the context of cancer treatment,
immunotherapeutics, generally, rely on the use of 20 immune effector cells and molecules (e.g.,
monoclonal antibodies) to target and destroy cancer cells. Trastuztamab (Herceptinm) is such an
example. The immune effector may be, for example, an antibody specific for some marker on the
surface of a tumor cell. The antibody alone may serve as an effector of therapy or it may recruit other
cells to actually effect cell killing. The antibody also may be conjugated to a drug or toxin
(themotherapeutic, 25 radionuclide, dein A chain, cholera toxin, pertussis toxin, etc.) and serve merely
as a. targeting agent. Alternatively, the effector may be a lymphocyte carrying a surface molecule that
interacts, either directly or indirectly, with a tumor cell target. Various effector cells include cytotoxic T
cells and NT. cells, The combination of therapeutic modalities, i.e." direct cytotoxic activity and
inhibition or reduction of Rrb132 would provide therapeutic benefit in 



embodiments where one or more second therapeutic agent and an anti-osteoclast therapy are 

applied separately to a cell, tissue, organ or subject, one would generally ensure that a 

significant period of time did not expire between the time of each delivery, such that the 

second agent and the inventive composition would still be able to exert an advantageously 

5 combined effect on the subject. In such instances, it is contemplated that one may contact the 

cell with both modalities within about 12-24 h of each other and, more preferably, within 

about 6-12 h of each other. In some situations, it may be desirable to extend the time period 

for treatment significantly, however, where several d (2,3,4,5,6 or 7) to several wk (1, 2, 3, 

4,5,6, 7 or 8) lapse between the respective administrations. 

10 
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V mious combinations may be employed, for example a composition of the present 

invention is "A" and a second therapy, such as chemotherapy, is "B": 

AlBIA B/ AlB B/B/ A AI AlB AlBIB BI AI A AlB/BIB BI A/B/B 

B/B/BI A BIB I AlB AI AlB/B A/BI AlB A/B/B/ A B/BI AlA 

BI AlBIA BI AI AlB AI AI AlB BI AI AlA A/BI AI A AI AlB I A 

Administration of the anti-osteoclast compositions ofthe present invention to a patient 

will follow general protocols for the administration of such compositions, taking into account 

the toxicity, if any. It is expected that the treatment cycles would be repeated as necessmy. It 

also is contemplated that various standard therapies, as well as surgical intervention, may be 

applied in combination with the described therapy. 

In specific embodiments, it is contemplated that an anti-cancer therapy, such as 

chemotherapy, radiotherapy, or immunotherapy, is employed in combination with the anti­

osteoclast therapies described herein. 

1. Chemotherapy 

Cancer therapies also include a variety of combination therapies with both chemical 

25 and radiation based treatments. Combination chemotherapies include, for example, cisplatin 

(CDDP), carboplatin, procarbazine, mechlorethamine, cyclophosphamide, camptothecin, 

ifosfamide, melphalan, chlorambucil, busulfan, nitrosurea, dactinomycin, daunorubicin, 

doxorubicin, bleomycin, plicomycin, mitomycin, etoposide (VPI6), tanloxifen, raloxifene, 

estrogen receptor binding agents, taxol, gemcitabien, navelbine, farnesyl-protein tansferase 
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30 the treatment of Erb132 overexpressing cancers.        A number of different approaches for passive
immunotherapy of cancer exist, They may be broadly categorized into the following: injection of
antibodies alone; injection of antibodies coupled to toxins or chemotherapeutic agents; injection of
antibodies coupled to radioactive isotopes; injection of anti-idiotype antibodies; and finally, purging of
tumor cells in bone marrow.       In active immunotherapy, an antigenic peptide, polypeptide or protein,
or an autologous or allogenic tumor cell composition or "vaccine" is administered, generally with a
distinct bacterial adjuvant (Ravindranath and Morton, 1991; Morton et al., 1992; Mitchell et al., 1990;
Mitchell at al., 1993). In melanoma itnmunotherapy, those patients who elicit high 10 IgM response
often. survive better than those who elicit no or low IgM antibodies (Morton at al., 1992). IgNI
antibodies are often transient antibodies and the exception to the rule appears to be anti-ganglioside
or anticarbohydrate antibodies.       In adoptive immunotherapy, the patient's circulating lymphocytes,
or tumor infiltrated lymphocytes, are isolated in vitro, activated by lymphokines such as IT-2 or
transduced with 15 genes for tumor necrosis, and readministered (Rosenberg at aL, 1988; 19E9). To
achieve this, one would administer to an animal, or human patient, an immunologically effective
amount of activated lymphocytes in combination with an adjuvant-incorporated anigenic peptide
composition as described herein. The activated lymphocytes will most preferably be the patient's own
cells that were earlier isolated from a blood or tumor sample and activated (or "expanded") in vitro.
This form of immunotherapy has produced several cases of regression of melanoma and renal
carcinoma, but the percentage of responders were few compared to those who did not respond.
4.Surgery Approximately 60% of persons with cancer will undergo surgery of some type; which 75
includes preventative, diagnostic or staging, curative and palliative surgery. Curative surgery includes
resection in which all or part of cancerous tissue is physically removed, excised, and/or destroyed.
Tumor resection refers to physical removal of at least part of a tumor. In addition to tumor resection,
treatment by surgery includes laser surgery, cryosurgery; electrosureery, and microscopically
controlled surgery (Molls' surgery). It is further 30 contemplated that the present invention may be
used in conjunction with removal of superficial cancers; precancers, or incidental amounts of normal
tissue.  EXAMPLES       The following examples are included to demonstrate preferred embodiments
of the invention. It should be appreciated by those of skill in the art that the techniques disclosed in the
examples which follow represent techniques discovered by the inventor to function well in 



inhibitors, transplatinum, 5-fluorouracil, vincristin, vinblastin and methotrexate, or any analog 

or de11vative variant of the foregoing. 

2. Radiotherapy 

Other factors that cause DNA damage and have been used extensively include what 

5. are commonly known as 'Y-rays, X-rays, and/or the directed delivery of radioisotopes to tU1110r 

cells. Other fon11s of DNA damaging factors are also contemplated such as microwaves, 

proton beam irradiation (U.S. Patent 5,760,395 and U.S. Patent 4,870,287) and UV­

irradiation. It is most likely that all of these factors effect a broad range of damage on DNA, 

on the precursors of DNA, 011 the replication and repair of DNA, and 011 the assembly and 

10 maintenance of chromosomes. Dosage ranges for X-rays range from daily doses of 50 to 200 

roentgens for prolonged periods of time (3 to 4 wk), to single doses of 2000 to 6000 

roentgens. Dosage ranges for radioisotopes vary widely, and depend on the half· life of the 

isotope, the strength and type of radiation emitted, and the uptake by the neoplastic cells. 

The tenus "contacted" and "exposed," when applied to a cell, are used herein to 

15 describe the process by which a therapeutic composition and a chemotherapeutic or 

radiotherapeutic agent are delivered to a target cell, tissue or subject, or are placed in direct 

juxtaposition. 

3. Immunotherapy 

In the context of cancer treatment, u11luunotherapeutics, generally, rely on the use of 

20 immune effector cells and molecules (e.g., monoclonal antibodies) to target and destroy 

cancer cells. Trastuzumab (HerceptinTM) is such an example. The immune effector may be, 

for example, an antibody specific for some marker on the surface of a tumor cell. The 

antibody alone may serve as an effector of therapy or it may recruit other cells to actually 

effect cell killing. The antibody also may be conjugated to a drug or toxin (chemotherapeutic, 

25 radionuclide, ricin A chain, cholera toxin, pertussis toxin, etc.) and serve merely as a targeting 

agent. Alternatively, the effector may be a lymphocyte canying a surface molecule that 

interacts, either directly or indirectly, with a tumor cell target. Various effector cells include 

cytotoxic T cells and NK cells. The combination of therapeutic modalities, i.e., direct 

cytotoxic activity and inhibition or reduction of ErbB2 would provide therapeutic benefit in 

30 the treatment of ErbB2 overexpressing cancers. 
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5 the practice of the invention, and thus can be considered to constitute preferred modes for its
practice. However, those of skill in the art should, in light of the present disclosure, appreciate that
many changes can be made in the specific embodiments which are disclosed and still obtain a like or
similar result without departing from the spirit and scope of the invention. 10EXAMPLE 1 METHODS
Animals and cell lines. Female athymic NCr nude mice were obtained from the Animal Production
Area of the National Cancer Institute, Frederick Cancer Research Facility (Frederick, MD). Black 6
mice (C57BL/60 were Obtained from Charles Rivers (Wilmington, 15 MA). The mice were maintained
in a laminar air-flow cabinet under specific pathogen-free conditions and used at 8 weeks of age. An
facilities were approved by the American Association for Accreditation of Laboratory Animal Care
(AAALAC) in accordance with the curient regulations and standards of the United States Department
of Agriculture, the Department of Health and Human Services, and the Nffi. Mice were fed with Purina
rodent 20 chow and tap water ad libitum. The breast cancer cell line, MDA-MB-435 cells were
maintained in D-MEM (itivitrogen, Carlsbad, CA) supplemented with 10% PBS and 1 iriM sodium
manvate (invitrogen, Carlsbad, CA). The mouse ma.crophage cell line RAW264.7 was maintained in
DMEM/1312 (Invitrouen, Carlsbad, CA) supplemented With 1.0% PBS (Invitrogen, Carlsbad, CA). All
media contained Fungizone at a 1:100 dilution (final 25concentration: penicillin Cr. streptomycin at 100
units/m1 and amphotericin B 250nghl). Primary Bone Marrow Cell Culture. Primary bone marrow cells
(BMM) from the tibiae and femora were aseptically dissected from Black 6 mice (C57BU6J) 8-12
weeks of age. Bone marrow was flushed out with incomplete D-MEM and centrifuged at 1200 rpm for
3 minutes and re-suspended in 5 ml incomplete D-MEM. BMM cells were incubated in 20 30 ml Red
Blood Cell lysis buffer (8.3 g/I NE141, 1 g/1 sodium bicarbonate, 0.4 u/1 EDTA) at room temperature
for 1-2 min. 25 ml of D-MEM supplemented with 10% FRS and 100  



A number of different approaches for passive immunotherapy of cancer exist. They 

may be broadly categorized into the following: injection of antibodies alone; injection of 

antibodies coupled to toxins or chemotherapeutic agents; injection of antibodies coupled to 

radioactive isotopes; injection of anti-idiotype antibodies; and finally, purging of tumor cells 

5 in bone marrow. 

In active ilmnunothel'apy, an antigenic peptide, polypeptide or protein, or an 

autologous or allogenic tumor cell composition or "vaccine" is administered, generally with a 

distinct bacterial adjuvant (Ravindranath and Morton, 1991; Morton et al., 1992; Mitchell et 

at., 1990; Mitchell et al., 1993). In melanoma immunotherapy, those patients who elicit high 

10 IgM response often survive better than those who elicit no or low IgM antibodies (Morton et 

al., 1992). IgM antibodies are often transient antibodies and the exception to the rule appears 

to be anti-ganglioside or anti carbohydrate antibodies. 

In adoptive immunotherapy, the patient's circulating lymphocytes, or tumor infiltrated 

lymphocytes, are isolated in vitro, activated by lymphokines such as IL-2 or transduced with 

15 genes for tumor necrosis, and readministered (Rosenberg et al., 1988; 1989). To achieve this, 

one would administer to an animal, or human patient, an immunologically effective amount of 

activated lymphocytes in combination with an adjuvant-incorporated anigenic peptide 

composition as described herein. The activated lymphocytes will most preferably be the 

patient's own cells that were earlier isolated from a blood or t1ll11or sample and activated (or 

20 "expanded") in vitro. This fonn of immunotherapy has produced several cases of regression 

of melanoma and renal carcinoma, but the percentage of responders were few compared to 

those who did not respond. 

4. Surgery 

Approximately 60% of persons with cancer will undergo surgery of some type, which 

25 includes preventative, diagnostic or staging, curative and palliative surgery. Curative surgery 

includes resection in which all or part of cancerous tissue is physically removed, excised, 

and/or destroyed. Tumor resection refers to physical removal of at least part of a tumor. In 

addition to tumor resection, treatment by surgery includes laser surgery, cryosurgery, 

elech'osurgery, and microscopically controlled surgery (Mohs' surgery). It is further 

30 contemplated that the present invention may be used in conjunction with removal of 

superficial cancers, precancel'S, or incidental amounts of normal tissue. 
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tunts/m1 penicillin (complete D-MEM) were added and 13MM cells were centrifuged for 3 pith at 1200
rpm. BMM cells were then plated at 1.5 - 2 x 107 cells/10 cm dish with 10 ml of complete D -MEM and
cultured for 24h. Non-adherent cells were collected and centrifuged for 5 mm at 1200 rpm and plated
at a concentration of 2.5 x 104 cells/well in a 96 well dish for cytotoxicity assay, 2 x 104 cells/well in
48-well plates, or 5 x 103 cells/well in 96-well plates for osteoelast differentiation assays. Cells were
cultured for 3 days in the presence of 10 nent M-CSF before they were washed and used for further
studies. For differentiation into osteoelasts 30-100 ng/m1RANKL is added. Media was supplemented
after 2 days with fish M-CSF and RANKL. 10Cytotoxicity Assay. Cytotoxicity of 1CI606 against BMM
cells was performed in       flat-bottom tissue culture dishes. BMM cells (2.5 x 104) were plated and
treated as described above. 81(1606 was diluted in culture media and added to the wells in 2-fold
serial dilutions. Cells were incubated for 72 h and the remaining adherent cells were stained with
crystal violet (0.5% in 20% methanol) and solubilized with Sorenson's buffer (0.1 M sodium 15citrate,
pH 4.2, in 50% ethanol). Absorbance was measured at 630 urn using an EL,800 universal microplate
reader from Bio-Tek Instruments Inc (Winooski, VT).       In nit Osteoclast Differentiation. BMM cells (2
x 10.5 were cultured in 48- well plates as described above and then treated with 100 ngiml RANKL
and 10 nahnl M-CSF. Cell cultures were subject to a medium change on day 3. At day 5, cells were
fixed and 'II  assessed for osteoclasi differentiation by counting the total number of TRAP-positive,
multinueleated (>3 nuclei), cells per well 96b post-treatment using Leucocyte Acid pbosphatase kit
from Sigma-Aldrich (St. Louis, MO),       Bone-Resorption Assay. BMM cells (5 x 103) were cultured in
96- well plates as described above. In short, cells were seeded onto OsteoAssayhui .plates from
Cambrex 25 (Rockland, ME) and initially treated with 100 nwhil RANKL and 10 ngAn1 M-CSF with or
without 300 nIVI SKI606. Cell cultures were supplemented with fresh 10 ng/ml M-CSF at day three. On
day 5, a 200 aliquot of the supernatant was used to evaluate the bone resorption from the
OsteoAssayTM plate. Bone resorption was evaluated by measuring collagen I release from the
OsteoAssar plate using CrossLaps for Culture EL1SA kit from Nordic Bioscience 30 Diagnostics
(Portsmouth, VA). Absorbance was measured at 450 am using the reading at 650 nin as reference
using an EL800 universal mieroplate reader ftom Bio-Tek Instruments Inc (Winooski, VT).
Tfine-dependeney. 131\41v1 cells (2 x104) were cultured in 48-well plates as described above and
treated with RANKL (100 ng/m1) in the absence or presence of 300 nM 51(1606 added either with
PANKL stimulation. and TRAP stained at 96 h post-treatment, or added 12, 24 or 48 hours post-
RANKL stimulation and TRAP stained at 961x. Cells were then fixed, 5stained for TRAP and the
mmibers of osteoclasts were counted in each condition as described above. 



EXAMPLES 

The following examples are included to demonstrate preferred embodiments of the 

inventio11. It should be appreciated by those of slall in the ru.t that the techniques disclosed in 

the examples which follow represent teclmiques discovered by the inventor to function well in 

5 the practice of the invention, and thus can be considered to constitute preferred modes for its 

practice. However, those of skill in the art should, in light of the present disclosure, 

appreciate that many changes can be made in the specific embodiments which are disclosed 

and still obtain a like or similar result without departing from the spirit and scope of the 

invention. 

10 EXAMPLE 1 

METHODS 

Animals and cell lines. Female athymic NCr nude mice were obtained from the 

Animal Production Area of the National Cancer Institute, Frederick Cancer Research Facility 

(Frederick, MD). Black 6 mice (C57BL/6J) were obtained from Charles Rivers (Wilmington, 

15 MA). The mice were maintained in a laminru.· air-flow cabinet under specific pathogen-free 

conditions and used at 8 weeks of age. All facilities were approved by the American 

Association for Accreditation of Laboratory Animal Care (AAALAC) in accordru.lce with the 

current regulations and standards of the United States Department of Agriculture, the 

Department of Health and Human Services, and the NIH. Mice were fed with Purina rodent 

20 chow and tap water ad libitum. The breast cancer cell line, MDA-MB-435 cells were 

maintained in D-MEM (Invitrogen, Carlsbad, CA) supplemented with 10% FBS and 1 mM 

sodium pyruvate (Invitrogen, Carlsbad, CA). The mouse macrophage cell line RA W264.7 

was maintained in DMEM/F12 (Invitrogen, Carlsbad, CA) supplemented with 10% FBS 

(Invitrogen, Carlsbad, CA). All media contained Flmgizone at a 1: 1 00 dilution (fmal 

25 concentration: penicillin G, streptomycin at 100 units/ml and ru.nphotericin B 250nglml). 

Primary Bone Marrow Cell Culture. Primary bone marrow cells (BMM) from the 

tibiae and femora were aseptically dissected from Black 6 mice (C57BU6J) 8-12 weeks of 

age. Bone marrow was flushed out with incomplete D-MEM and centrifuged at 1200 rpm for 

3 minutes and re-suspended in 5 ml incomplete D-MEM. BMM cells were incubated in 20 

30 m1 Red Blood Ce1I1ysis buffer (8.3 gil NH4Cl, 1 gil sodium bicarbonate, 0.4 gil EDTA) at 

room temperaiure for 1-2 min. 25 ml of D-MEM supplemented vvith 10% FBS and 100 

25 

RAW 264.7 Co-culture with MDA M11435 cells and Conditioned Media. For co-culture assays
RAW264.7 (500 cells/well) were plated in 96 well plates and allowed to adhere for 12 hours.
MDA-MB-435 were then introduced into the RAW264.7 culture at increasing 10  density and incubated
for 12 hours. Co-cultures were then incubated with or without 51(I606 at indicated concentrations for 5
days. Cells were then fixed, stained for TRAP and the numbers of osteociasts were counted in each
condition as described above.      For conditioned media the MDA-MB-435 cells were plated in 10 cm
plates (1 x 106 cells/plate) and incubated for 36 hours. Media was then removed, centrifuged for 5
minutes at 15  2500 rpm and supernatants were isolated and placed in 4C until use. RAW264.7 cells
(750 cells/well) were plated in 96 well plates and allowed to adhere for 12 hours. Conditioned media
from MDA-MB-435 cells was added and incubated with or 51(1606 at indicated concentrations for 5
days. Cells were then fixed, stained for TRAP and the numbers of osteoclasts were counted in each
condition as described above. 20Intrabone Injections and Processing of Bone Tissue Samples.
MDA-MB-435 cells were harvested with 0.025% trypsin - 0.01% EDTA solution were washed in PBS
and resuspended in PBS in preparation for implantation into the mice. Animals were anesthetized with
intramuscular injections of ketamine (100 mg/kg) plus aeepromazine (2.5 mg/kg). Female athymic NCr
nude mice were injected with 5 x 105 MDA-MB-435 breast cancer cells 25  in 0.01 ml of PBS, into the
proximal tibia of each mouse using a 28-gauge Hamilton needle. Three days after injection the mice
were divided into 3 groups and treatment started, of daily oral gavage of vehicle (0.5% Methoce1/0.4%
Tween in PBS), 150 mg/kg 51(1606 in vehicle, or S.C. injections of 10 jig/kg Zomeda (zolendronic
acid) in 0.1 ml PBS. Treatment was given daily, 5 days per week for 9 weeks. X-ray images were
taken at 35 days after injection, 30  and also at 14 days intervals, After 9 weeks, final X-ray images
were taken, tumor weight calculated from the difference in weight of the tumor-bearing and non
tumor-bearing leg of the same animal. the tumor-injected tibia was fixed and decalcified in EDTA, and
sections  stained for the presence of multinucleated osteoelasts (>3 nuclei) using Leucocyte Acid
phosphatase kit from Sigma-Aldrich (St. Louis, MO). Incidence of tumor in the tibia was determined by
examination of histology sections. Weight of tumor was determined as follows: weight of injected leg -
weight of non-injected hind leg of the same animal. Areas 5 of lysis were estimated from digital X-ray
images; NIH Scion program was used to measure area of tibias and lytic areas, to calculate the ratio of
pixels in lylic zones/pixels in tibia area. RESULTS       To identify potential kinase inhibitors,
compounds 1, 2, 3, 4, and 5 were tested for their ability to inhibit IIANICL-induced usteoclast
differentiation of 1tAW264.7 cells. 51(1606 10 was chosen because a related compound has been
shown to be a. dual inhibitor of Ste and Abl kinases (Boschelli et at, 2001b). 8ICII606 was identified
and characterized, and it was found that this compound inhibits Src in an enzyme assay with an IC50
of 1.2 nivl and inhibits Srcdependent protein tyrosine phosphorylati on at comparable concentrations. 



lli1its/ml penicillin (complete D~MEM) were added and BMM cells were centrifuged for 3 

min at 1200 rpm. BMM cells were then plated at 1.5 - 2 x 107 cells/lO cm dish with 10 ml of 

complete D -MEM and cultured for 24h. Non-adherent cells were collected 811d centrifuged 

for 5 min at 1200 rpm and plated at a concentration of2.5 x 104 cells/well in a 96 well dish for 

5 cytotoxicity assay, 2 x 104 cells/well in 48-well plates, or 5 x 103 cells/well in 96-well plates 

for osteoclast differentiation assays. Cells were cultured for 3 days in the presence of 10 

nglml M-CSF before they were washed and used for further studies. For differentiation into 

osteoclasts 30-100 nglml RANKL is added. Media was supplemented after 2 days with fresh 

M-CSF and RANKL. 

10 Cytotoxicity Assay. Cytotoxicity of SKI606 against BMM cells was performed in 

96-well flat-bottom tissue culture dishes. BMM cells (2.5 x 104
) were plated and treated as 

described above. SKI606 was diluted in culture media and added to the wells in 2-fold serial 

dilutions. Cells were incubated for 72 h and the remaining adherent cells were stained with 

crystal violet (0.5% in 20% methanol) and solubilized with Sorenson's buffer (0.1 M sodium 

15 citrate, pH 4.2, in 50% eth81101). Absorbance was measured at 630 run using 811 EL800 

mllversal microplate reader from Bio-Tek Instruments I11c (Winooski, VT). 

III Vitro Osteoclast Differentiation. BMM cells (2 x 104
) were cultured in 48- well 

plates as described above and then treated with 100 nglml RANKL and 10 nglml M-CSF. 

Cell cultures were subject to a medium ch81lge on day 3. At day 5, cells were fixed and 

20 assessed for osteoclast differentiation by counting the total nmnber of TRAP-positive, 

multinucleated (>3 nuclei), cells per well 96h post-treatment using Leucocyte Acid 

phosphatase kit from Sigma-Aldrich (St. Louis, MO). 

Bone-Resorption Assay. BMM cells (5 x 103
) were cultured in 96- well plates as 

described above. In short, cells were seeded onto OsteoAssa/M plates from Cmnbrex 

25 (Rockland, ME) and initially treated with 100 ng/ml RANKL and 10 nglml M-CSF with or 

without 300 11M SKI606. Cell cultures were supplemented with fresh 10 nglml M-CSF at day 

three. On day 5, a 20J.Ll aliquot of the supernatant was used to evaluate the bone resorption 

from the OsteoAssayTM plate. Bone resorption was evaluated by measuring collagen I release 

from the OsteoAssayTM plate using CrossLaps for Cultme ELISA kit from Nordic Bioscience 

30 Diagnostics (Portsmouth, VA). Absorbance was measured at 450 run using the reading at 650 

11m as reference using an EL800 mllversal microplate reader from Bio-Tele hlshuments Inc 

(Winooski, VT). 
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The compound is not cytotoxic to 13MM cells and less than 10% of the cells died at 15 600 nlvl
S1(I606; indicating that the inhibitory effect on osteoclastogenesis is not due to eytotoxic activity of
5IC1606 on the precursor cells. The structure of this 4-pheylamino-3- quinolinecarbonitrile is known
(Figure 1A) and has an inhibitory effect on RANKL-mediated osteoclast differentiation in BMM in a
dose dependent manner (Figure 1B). MINI cells appear to be less sensitive to SKI606. if added after
initiation of osteoclastogencsis (Figure 2A 20 and 2B). In addition, the ability of 51(1606 to inhibit bone
resorption was studied by stimulating BMNI cells with RANKL oii OstemAssaym plates from Cambrex
(Rockland, ME) with or without 51(1606. I3MM cultures treated with M-CSF and RANKL in the
presence of 300 nM 5ICI606 exhibited a 3.7-fold decrease in collagen I release, an indicator of bone
resorption, as compared to M-CSF and RANKL treatment. The ability of the breast cancer cell line;
MDA-MB-435 to induce osteociastogenesis in RAW264.7 cells was examined. This was found to be
density-dependent with an optimal number of 800 MDA-IVIB-435 cells/well (Figure 3A). The optimal
number of RAW264.7 cells was established, for this study to be 500 cells/well for co-culture with
MDA-MB-435 cells (data not shown). Conditioned media from M_DA-MB-435 cells were also able to
30 support osteoclastogenesis in RAW264.7 cell cultures with an optimal mixture of 10% conditioned
media from MDA-M13-435 cells in DMEIYI/F12 (Figure 313). This indicates that the ability of
MDA-MB-435 cells to induce osteoclastogenesis in RAW264.7 cells is due to a  released factor rather
than cell-to-cell contact. MDA-MB-435 also may release an inhibitory factor such as OPG as the
number of osteoclasts formed decreased with higher concentrations of conditioned media. Additional
studies included the investigation of the ability of 510606 to inhibit breast 



Time-dependency. BMM cells (2 x104) were cultured in 48-well plates as described 

above and treated with RANKL (100 ng/ml) in the absence or presence of 300 nM SKI606 

added either with RANI(L stimulation and TRAP stained at 96 h post-treatment, or added 12, 

24 or 48 hours post- RANI(L stimulation and TRAP stained at 96h. Cells were then fixed, 

5 stained for TRAP and the numbers of osteoclasts were counted in each condition as described 

above. 

RAW 2M.7 Co-culture with MDA MB435 cells and Conditioned Media. For co­

culture assays RAW264.7 (500 cells/well) were plated in 96 well plates and allowed to adhere 

for 12 hours. MDA-MB-435 were then introduced into the RA W264.7 culture at increasing 

10 density and incubated for 12 hours. Co-cultures were then incubated with or without SK1606 

at indicated concentrations for 5 days. Cells were then fixed, stained for TRAP and the 

numbers of osteoclasts were counted in each condition as described above. 

For conditioned media the MDA-MB-435 cells were plated in 10 cm plates (1 x 106 

cells/plate) and incubated for 36 hours. Media was then removed, centrifuged for 5 minutes at 

15 2500 rpm and supernatants were isolated and placed in 4°C until use. RA W264.7 cells (750 

cells/well) were plated in 96 well plates and allowed to adhere for 12 hours. Conditioned 

media from MDA-MB-435 cells was added and incubated with or SK1606 at indicated 

concentrations for 5 days. Cells were then fixed, stained for TRAP and the numbers of 

osteoclasts were counted in each condition as described above. 

20 Intrabone Injections and Processing of Bone Tissue Samples. MDA-MB-435 cells 

were harvested with 0.025% trypsin - 0.01% EDTA solution were washed in PBS and re­

suspended in PBS in preparation for implantation into the mice. Animals were anesthetized 

with intramuscular injections of ketamine (l00 mg/kg) plus acepromazine (2.5 mg/kg). 

Female athymic NCr nude mice were injected with 5 x 105 MDA-MB-435 breast cancer cells 

25 in 0.01 ml of PBS, into the proximal tibia of each mouse using a 28-gauge Hamilton needle. 

Three days after injection the mice were divided into 3 groups and treatment started, of daily 

oral gavage of vehicle (0.5% MethocellO.4% Tween in PBS), 150 mg/kg SK1606 in vehicle, 

or S.C. injections of 10 I-lg/kg Zomeda (zolendronic acid) in 0.1 m1 PBS. Treatment was 

given daily, 5 days per week for 9 weeks. X-ray images were taken at 35 days after injection, 

30 and also at 14 days intervals. After 9 weeks, final X-ray images were taken, tumor weight 

calculated from the difference in weight of the tumor-beating and non tumor-beating leg of 

the same animal. The tumor-injected tibia was fixed and decalcified in EDTA, and sections 
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5 cancer-induced osteoclast formation. 31(I606 significantly inhibited the MDA-MB-435- induced
ostoclastogenesis in RAW264.7 cells at a concentration of 400 nM 51(1606 (Figure 4A). 3IC.1606 was
also able to inhibit the osteoclastogenesis induced by conditioned media from MDA-MB-435 cells in. a
dose-dependent manner (Figure 4B). 3IC.1606 was assessed in an in vivo model, using female athym
c NCr nude mice (8 10 weeks old) injected with 5 x 105 MDA-MB-435 cells in 0.01 ml PBS into the
proximal tibia of each mouse using a 28-auge Hamilton needle. Mice were divided into three treatment
g-oups and the incidence of tumor in the tibia was determined by examination of histology sections
and weight of tumor. The weights of tibia tumors.in mice treated with either 31(1606 or Zomeda were
significantly smaller than the control group tumors (Figure 5A and Table I). 15 Areas of lysis were
significantly less in mice treated with SK1606 or Zomeda, (Figure 5B and Table 1). Furthermore,
significantly fewer TRAP-positive cells were counted in sections of Minors from 31(1606-treated mice
(Figure SC). Composites of the digital images are shown in Figures 6A-6C. Tablet. Evaluation. of
31(1606 on IvIDA-MB-435 Bone Tumor Mouse Mode1 Experimental group Incidence of tumor in tibia
Weight of tumor Estimate of lytic zones Control (vehicle) 12/12 (100%) 



stained for the presence of multinucleated osteoclasts (>3 nuclei) using Leucocyte Acid 

phosphatase kit fl:om Sigma-Aldrich (St. Louis, MO). Incidence of tumor in the tibia was 

detennined by examination of histology sections. Weight of tumor was detem1ined as 

follows: weight of injected leg - weight of non-injected hind leg of the same animal. Areas 

5 of lysis were estimated from digital X-ray images; NIH Scion program was used to measure 

area of tibias and lytic areas, to calculate the ratio of pixels in lytic zones/pixels in tibia area. 

RESULTS 

To identify potential kinase inhibitors, compounds 1, 2, 3, 4, and 5 were tested for 

their ability to inl1ibit RANKL-induced osteoclast differentiation ofRA W264.7 cells. SK1606 

10 was chosen because a related compound has been shown to be a dual inhibitor of Src and Abl 

kinases (Boschelli et al., 2001 b). SK1606 was identified and characterized. and it was fOlmd 

that this compound inhibits Src in all enzyme assay with an ICso of 1.2 nM and inhibits Src­

dependent protein tyrosine phosphorylation at comparable concentrations. 

The compound is not cytotoxic to BMM cells and less than 10% of the cells died at 

15 600 nMSIU606, indicating that the inhibitory effect on osteoclastogenesis is not due to 

cytotoxic activity of SKI606 on the precursor cells. The structure of this 4-pheylamino-3-

quinolinecarbonitrile is Imown (Figure lA) and has an inhibitory effect on RANKL-mediated 

osteoclast differentiation in BMM in a dose dependent manner (Figure lB). BMM cells 

appear to be less sensitive to SKI606 if added after initiation of osteoclastogenesis (Figure 2A 

20 and 2B). In addition, the ability of SKI606 to inhibit bone resorption was studied by 

stimulating BMM cells with RANKL on OsteoAssayTM plates from Cambrex (Rockland, ME) 

with or without SKI606. BMM cultures treated with M-CSF and RANKL in the presence of 

300 nM 8K1606 exhibited a 3.7-fold decrease in collagen I release, all indicator of bone 

resorption, as compared to M-C8F and RANI(L treatment. 

25 The ability of the breast cancer cell line; MDA-MB-435 to induce osteoc1astogenesis 

in RA W264.7 cells was examined. This was found to be density-dependent with an optimal 

number of 800 MDA-MB-435 cells/well (Figure 3A). The optimal number of RA W264.7 

cells was established, for this study to be 500 cells/well for co-culture with MDA-MB-435 

cells (data not shown). Conditioned media from MDA-MB-435 cells were also able to 

30 support osteoclastogenesis in RAW264.7 cell cultures with an optimal mixture of 10% 

conditioned media from MDA-MB-435 cells in DMEM/F12 (Figure 3B). This indicates that 

the ability of MDA-MB-435 cells to induce osteoc1astogenesis in RA W264.7 cells is due to a 
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0,2420.07 0.294 +/- 0.06 SE3606 IP12 (75%) 0.088 +/- 0.02 0.164 -Pi- 0.09 Zomeda 11/12 (92%)
0.073 +/- 0.02 0.099 1-i- 0.05  REFERENCES      The following references, to the extent that they
provide exemplary procedural or other details supplementary to those set forth herein, are specifically
incorporated herein by reference. 5U.S. Patent 4,870,287 



released factor rather than cell~to-cell contact. MDA-MB-435 also may release an inhibitory 

factor such as OPG as the number of osteoclasts fom1ed decreased with higher concentrations 

of conditioned media. 

Additional studies included the investigation of the ability of 8K1606 to inhibit breast 

5 cancer-induced osteoclast fonnatioll. 8K1606 significantly inhibited the MDA-MB-435-

induced ostoclastogenesis in RA W264. 7 cells at a concentration of 400 nM 8K1606 (Figure 

4A). 8K1606 was also able to inhibit the osteoclastogenesis induced by conditioned media 

from MDA-MB-435 cells in a dose-dependent manner (Figure 4B). 

3K1606 was assessed in an in vivo model, using female athymic NCr nude mice (8 

10 weeks old) injected with 5 x 105 MDA-MB-435 cells in 0.01 ml PBS into the proximal tibia 

of each mouse using a 28~auge Hamilton needle. Mice were divided into three treatment 

groups and the incidence of tumor in the tibia was determined by examination of histology 

sections and weight of tumor. The weights of tibia tumors.in mice treated with either SK1606 

or Zomeda were significantly smaller than the control group tumors (Figure 5A and Table I). 

15 Areas of lysis were significantly less in mice treated with 8K1606 or Zomeda, (Figure 5B and 

Table 1). Furthennore, significantly fewer TRAP-positive cells were counted in sections of 

tumors from SKI606-treated mice (Figure 5C). Composites of the digita1 images are shown 

in Figures 6A-6C. 

Table 1. Evaluation of SK1606 011 MDA-MB-435 Bone Tun10r Mouse Model 

Experimental Incidence of tumor in I Weight of Estimate of lytic zones I 

group tibia tumor 

Control (vehicle) 12/12 (100%) 0.242 +/~ 0.07 0.294 +1- 0.06 

8KI606 9/12 (75%) 0.088 +1- 0.02 0.164 +1- 0.09 

Zomeda 11112 (92%) 0.073 +1- 0.02 0.099 +/- 0.05 
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Society, San Diego, Calif. April, 2001.  CLAIMS A method of inhibiting bone resorption comprising,
providing a therapeutically effective amount of a compound of the formula 5 Formula I LIN  wherein: n
is an integer from 1-3; Xis N. CH, provided that when Xis N, n is 2 or 3; R is an allcyl of I to 3 carbon
atoms; R(I) is 2,4-diC1, 5-0Me; 2,4-diCl; 3,4,5-tri-OMe; 2-C1, 5-0Me; 2-Me, 5-Ohle; 2,4-diMe;
2,4-diMe-5-0Me, 2,4-did, 5-0Et; R(2) is an alkyl of 1 to 2 carbon atoms, or a pharmaceutically
acceptable salts thereof 



CLAIMS 

1. A method of inhibiting bone resorption comprising, providing a therapeutically 

effective amount of a compound of the f0l111Ula 

5 Formula I 

wherein: 

n is an integer from 1-3; 

X is N, CH, provided that when X is N, 11 is 2 or 3; 

lOR is an alkyl of 1 to 3 caibo11 atoms; 

eN 

R(1) is 2,4-diCl, 5-0Me; 2,4-diCl; 3,4,5-tri-OMe; 2-Cl, 5-0Me; 2-Me, 5-0Me; 2,4-di­

Me; 2,4-diMe-5-0Me, 2,4-diCl, 5-0Et; 

R(2) is an alkyl of 1 to 2 carbon atoms, or a pharmaceutically acceptable salts thereof. 
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The method of claim I wherein the compound is of the formula: Formula I    wherein: n is an. integer
from 2-3; X is N, CH, provided that when X is N,nis 2 or 3; R is alkyl of 1 to 3 carbon atoms;
R(1) is 2,4-did, 5-0Me, 2,4-diCk 3,4,5-tri-OMe; 2-C1, 5-0Me; 2-Me, 5-0Me; 2,4-di10Me;
2,4-diMe-5-0Me, 2,4-diC1, 5-0Et;             R(2) is allcyl of Ito 2 carbon atoms, or a pharmaceutically
acceptable salts thereof   3. The method of claibe compound is of the Fommia: 



2. The method of claim 1 wherein the compound is of the fonuula: 

Formula I 

.// 
N 

eN 

5 wherein: 

10 

n is an integer from 2-3; 

X is N, CR, provided that when X is N, n is 2 or 3; 

R is alkyl of 1 to 3 carbon atoms; 

R(I) is 2,4-diCl, 5-0Me; 2,4-diCl; 3,4,5-tri-OMe; 2-Cl, 5-0Me; 2-Me, 5-0Me; 2,4-di­

Me; 2,4-diMe-5-0Me, 2,4-diCl, 5-0Et; 

R(2) is alkyl of 1 to 2 carbon atoms, or a phatl11aceutically acceptable salts thereof. 
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Formula ]  R20 0N / R-Nr(CILdu N Xis N, CU n is 8: R(2) and R are methyl; or a pnaceutically
acceptable salts thereof.  4. The method of claim 1 wherein R(2) is methyl. The method of claim 1
wherein X is N. 10 6.The method of claim 1 wherein X is CR The method of claim 1 wherein the
compound is 4-[(2,4-Dichloro-5-
methoxyphenyflamino]-6-methoxy47-[3..(4-methyl-l-piperazinyl)propoxy]-3- quinolinecarbonitrile or a
pharmaceutically acceptable salt thereof. 



3. The method of claim 1 wherein the compound is of the fOffilUla: 

Fonnula I 

5 XisN, CH 

n is 3; 

R(2) and R are methyl; or a phannaceutically acceptable salts thereof. 

4. The method of claim 1 wherein R(2) is methyl. 

5. The method of claim 1 wherein X is N. 

10 6. 

7. 

The method of claim 1 wherein X is CH. 

The method of claim wherein the compound is 4-[(2,4-Dichloro-5-

methoxyphenyl) amino ]-6-methoxy-7 -[3-( 4-methyl-l-piperazinyl)propoxy]-3-

quinolinecarbonitrlle or a pharmaceutically acceptable salt thereof. 

8. The method of claim 1 wherein the compound is 4-[(2,4-Dichloro-5-

15 methoxyphenyl) amino J-7 -[3-( 4-ethyl-l-piperazinyl)propoxy]-6-methoxy-3-

quinolinecarbonitrile; 4-[ (2,4-Dichloro-5-methoxyphenyl)amino ]-6-methoxy-7 -[2-(4-

methyl-l-piperazinyl)ethoxy]-3-quinolinecarbonitrile; 4-[(2,4-Dichloro-5-
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8.The method of claim 1 wherein the compound is 48[(2,48Dichloro-5-
15methoxyphenyl)amino]-743-(4-ethyl-l-piperazinyi)propoxy-1-6-methoxy-3- quinolinecarhonitrile;
ri-[(24-Dicthloro-5-methoxyuhenyl)amino]-6-methoxy-742-(4-
mcthyl-1-piperazinyl)ethoxyl-3-quinolinecarbonitrile;4-[(2,4-Dichloro-5-
methoxyphenyl)amino]-742-4-ethyl-1-piperazinypethoxyl-6-methoxy-3- quinolinecarboninile;
4-[(2,41-Diehloro-5-methoxyphenyljamino1-6-methoxy-74(1-
methylpiperidin4-y1)medioxyl-3-quinolinecarbonitrile;4-R2,4-Dichloro-5-
methoxyphenyl)aminol-5-methoxy-7-[2-(1-methylpiperidin-4-yl)ethoxy]-3- quinolinecarbonitrile;
4-[(2,4-Dichloto-5-methoxyphenyl)amino]-6-methoky-743-(1-
methylpiperidin-4-5,1)propoxylquinoline-3-earbonittile;44(2,4-Dich1oro-5- methoxyphenyl)amino1-741
-ethylpiperidin-4-ylhnethoxy]-6-methoxyquinoline-3-
earbonitrile,4-[(2,4-Dichloro-5-methoxyphenyl)amino1-6-ethoxy-7-1:3-(1-
methylpiperazin-111)propexAquinoline-3-earbonitrile;4-11(2,4-Dichloro-5-
10methox)phenyl)amino]-6-ethoxy-7-[(1-tnethylpiperidin-4-ybrnethoxy]quinoline-3- earbonitri le;
4-[(2,4-lliehloro-5-inethoxyphenyl)aininoi-6-ethoxy-743-(4- 



methoxyphenyl)amino ]-7 -[2-( 4-ethyl-l-piperazinyl)ethoxyJ-6-methoxy-3-

quinolinecarbonitrile; 4-[ (2,4-Dichloro-5-methoxyphenyl)amino] -6-methoxy-7 -[(1-

methylpiperidin-4-yl)methoxy]-3-quinolinecarbonitrile; 4-[(2,4-Dichloro-5-

methoxyphenyl)amino] -6-methoxy-7 -[2-(I-methylpiperidin-4-yl)ethoxy ]-3-

5 quinolinecarbonitrile; 4-[(2,4-Dichloro-5-methoxyphenyl)amino ]-6-methoxy-7 -[3-( 1-

methylpiperidin-4-yl)propoxy]quinoline-3-carbonitrile; 4-[(2,4-Dichloro-5-

methoxyphenyl)amino }-7 -[ (1-ethylpiperidin-4-yl)methoxy]-6-methoxyquino1ine-3-

carbonitrile; 4-[ (2,4-Dichloro-5-methoxyphenyl)amino )-6-ethoxy-7 -[3-(4-

methylpiperazin-l-yl)propoxy Jquinoline-3-carbonitrile; 4-[ (2,4-Dichloro-5-

10 methoxyphenyl)amino ]-6-ethoxy-7 -[ (1-methylpiperidin-4-yl)methoxy ]quinoline-3-

carbonitrile; 4-[(2,4-Dichloro-5-methoxyphenyl)amino ]-6-ethoxy-7 -[3-(4-

ethylpiperazin-l-yl)propoxy Jquinoline-3-carbonitrile; 4-[ (2,4-Dichloro-5-

methoxyphenyl)amino ]-6-ethoxy-7 -[3-( I-methylpiperidin-4-yl)propoxy ] quinoline-3-

carbonitrile; 4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-ethoxy-7 -[2-( 4-methyl-l-

15 piperazinyl)ethoxy]quinoline-3-carbonitrile; 4-[(2,4-Dichloro-5-

methoxyphenyl) amino ]-6-ethoxy-7-[2-(1-methylpiperidin-4-yl)ethoxy]quinoline-3-

carbonitrile; 4-[(2,4-Dichloro-5-methoxyphenyl)amino ]-6-methoxy-7 -[3-( 4-propyl-l­

piperazinyl )propoxy] -3 -quino linecarbonitrile; 4-[(2, 4-dichlorophenyl) amino ] -6-

methoxy-7 -[ (l-methylpiperidin-4-yl)methoxy] -3-quinolinecarbonitrile; 6-methoxy-7-

20 [(I-methylpipetidin-4-yl)methoxy ]-4-[ (3 ,4,5-ttimethoxyphenyl)amino )quinoline-3-

carbonitrile; 4-[(2-chloro-5-methoxyphenyl)amino ]-6-methoxy-7 -[(1-

methylpiperidin-4-yl)methoxy] quinoline-3-carbonitrile; 6-methoxy-4-[ (5-methoxy-2-

methylphenyl) amino ] -7 -[(l-methylpiperidin-4-yl)methoxy J quinoline-3 -carbonitrile; 

4-[ (2,4-dimethylphenyl)amino J-6-methoxy-7 -[ (l-methylpiperidin-4-

25 yl)methoxy]quinoline-3-carbonitrile; 6-methoxy-4-[(5-methoxy-2,4-

dimethylphenyl)amino ]-7 -[ (1-methylpipetidin-4-yl)methoxy] quinoline-3 -carbonitrile; 

4-( (2,4-dichloro-5-ethoxyphenyl) amino ]-6-methoxy-7 -[ (1-methylpiperidin-4-

yl)methoxy]quilloline-3-carbonitrile; or pharmaceutically acceptable salt thereof. 

9. The method of claim 1 wherein the compound is a Src kinase inhibitor. 

30 10. The method of claim 1, wherein the bone loss is associated with osteoporosis; giant 

cell tumor of bone; multiple myeloma; familial expansile osteolysis; osteopenia; 
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ethylpiperazin- I -yl)pronoxylquinoline-3-carbonitrile;4-[(2,41-Dichloro-5-
methoxyphenypamino]-6-ethoxy-7-[3-(1-methylpiperidin-4-yl)propoxylquinotine-3- earbonitrile; 4-
[(2,4-Dichloro-5-methoxyphenyl) amino] -6-ethoxy-742-(4-m ethyl-1-
15pioerazinyflethoxylquinoline-3-carhonitrile;4-[(2,4-Dichloro-5-
methoxyphenyl)anainol-G-ethoxy-7-12-(1-methylpiperidin-4-yflethoxy]quinoline-3- carbonitrile;
44(2,4-Dielitoto-5-methoxyphenyljaminol-6-methoxy-7[3-(4-propyl-1-
piperazinyl)propoxy]-3-quinolinecarbcmitrile;440,,4-dichlorophenytjaminoj-6-
methexy-7-[(1-methylpiperidin-4-yl)metboxy]-3-quinolincearbonitrite; 6-methoxy-7- ')0[(I
waetlaylpiperidin-4-yi)methoxy]-4-[(3,4,5-trimethoxsphenypamino]quinoline-3- carbonitrile;
4-[(2-ehloro-5-tnethoxyphenyl)antino]-6-methoxy-7-[(1-
methylpiperidin-4-y1)methoxy]quinoline-3-carbonittile; 6-methoxy-4-11(5-inethoxy--2-
methylphenyDaminoll-71(1-methylpiperidin-4-y1)methoxylquinoline-3-carbonitrile;
4-[(2,4-dimethylphenypamino]-6-methoxy-7-[(1-rnethyluiperidin-4- 25yl)methoxylquinoline-3-earbonitril
e;G-methoxy-4-[(5-methoxy-2,4-
dimethylphenyl)aminol-74(1-methylpiperidin-4-y1)methoxylquinoline-3-carbonitile;
44(2,LI-dichloro-5-ethoichenyflaminol-6-methoxy-7-[(1-rdethylpiperidin-4-
yl)nethoxy1quinoline-3-carbonitrile; or pharmaceutically acceptable salt thereof. 9.The method of claim
I wherein the compound is a Sic kinase inhibitor. 3010.The method of claim 1, wherein the bone loss is
associated with osteoporosis; giant cell tumor of bone; multiple myeloma; familial expansile osteolysis;
osteopenia; 
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periodontal disease; hyperparathyroidism; periarticular erosions in rheumatoid 

illthritis; Paget's disease; immobilization-induced osteopenia; hypercalcemia of 

malignancy; bone metastasis; adamantinoma; aneurysmal bone cyst (lesion); 

angiosarcoma (high grade); illlgiosarcoma (low grade); bone lesions of Gaucher's 

disease; Brown tumor of hyperparathyroidism; chondroblastoma; chondromyxoid 

fibroma; chondrosarcoma; chordoma; clear cell chondrosarcoma; conventional 

intrilllledullary osteosarcoma; degenerative joint disease; desmoplastic fibroma; 

diaphyseal medullary stenosis with malignant fibrous histiocytoma; enchondroma; 

eosinophilic granuloma; epithelioid hemangioendothelioma; Ewing's sarcoma of 

bone; extraosseous osteosarcoma; fibrosarcoma; fibrous dysplasia; florid reactive 

periostitis; glomus tumor; granulocytic sarcoma in bone; Hardcastle's syndrome; 

hemilllgioma; hemangiopericytoma; high-grade surface osteosarcoma; Hodgkin 

lymphoma of bone; intrac01tica1 osteosarcoma; intraosseous well-differentiated 

osteosarcoma; juxtacortical chondroma; leukemia; malignant fibrous hy8tiocytoma; 

melorhe08tosis; metastatic breast cancer; metastatic kidney cancer; metastatic lung 

cancer; metastatic prostate cancer; multi focal osteosarcoma; myositis ossificans; 

neurofibroma of bone; non Hodgkin lymphoma; nonossifying fibroma (fibrous 

cortical defect); Nora's lesion; osteoblastoma; osteochondroma; osteochondromatosis; 

osteofibrous dysplasia; osteoid osteoma; osteoma; osteomyelitis; osteopathia striata; 

osteopoikilosis; parosteal osteosarcoma; periosteal chondroma; periosteal 

osteosarcoma; pigmented villonodular synovitis; post-paget's sarcoma; schwrumoma 

of bone; small cell osteosarcoma; solitary bone cyst; solitary fibrous tumor; solitary 

myeloma (plasmacytoma); subchondral cyst; synovial chondromatosis; telangectatic 

osteosarcoma; "Tug" lesions - metaphyseal fibrous defect; or unicanleral bone cyst. 

The method of claim 10, wherein the bone metastasis is a lung, head and neck, breast, 

pancreatic, prostate, renal, bone, testicular, cervical, gastrointestinal, colon, bladder 

Cilllcer metastasis. 

12. The method of claim 11, wherein the bone metastasis is a breast or prostate cilllcer 

metastasis. 
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perm dental disease wperparathyroidism; periarticular erosions in rheumatoid arthritis; Paget's
disease; immobilization-induced osteopenia; hypercalcemia of malignancy; bone metastasis;
adamantinoma; aneurysmal bone cyst (lesion); anthosarcoma (high grade); antriosarcoma (low
grade); bone lesions of Gaucher's 5 disease; Brown tumor of hyperparathyroidism; chondroblastoma;
chondromyxoid fibroma; chondtosarcoma; chordoma; clear cell chondrosarcoma; conventional
inframedullary osteosarcoma; degenerative joint disease; desmoptastic fibroma; diaphyseal medullary
stenosis with malignant fibrous laistiocytoma; enchomfroma; eosinophilic granuloma; cpithelioid
hemangioendothelioma; Ewing 's sarcoma. of 10 bone; extraosseous osteosarcoma; fibrosarcoma;
fibrous dysplasia; florid reactive periostitis; glomus tumor; granulocytic sarcoma in bone; Hardcastlets
syndrome; hernangioma; hemangiopericytoma; high-grade surface osteosarcoma; Hodgkin lymphoma
of bone; intracortical osteosarcoina; intraosseous well-differentiated osteosarcoma; juxtacortical
chondroma; leukemia; malignant fibrous hystiocytoma; 15 melorlieostosis; metastatic breast cancer;
metastatic kidney cancer; metastatic lung cancer; metastatic prostate cancer; multifocal
osteosarcorna; myosins ossificans; nearofibroma of bone; non Hodgkin lymphoma; nonossify,ing
fibroma. (fibrous cortical defect); Nora's lesion; osteoblastoma; osteochondroma;
osteochondromatosis; osteofibrous dysplasia; ostcoid osteoma; osteoma; osteomyelitis; osteopathia
striate; 20 osteopoikilosis; parosteal osteosarcoma; periosteal ehonciroma; periosteal osteosarcoma;
pigmented villonoduiar synovitis; post--pages sarcoma; schwannoma of bone; small cell
osteosarcoma; solitary bone cyst; solitary fibrous tumor; solitary mycloma (plasmacytoma);
subchondral cyst; synovial thondromatosis; tclangectatio osteosarcoma; "Tug" lesions -- metaphyseal
fibrous defect; or unicameral bone cyst. 2511.The method of claim 10, wherein the bone metastasis is
a lung, head and neck, breast, pancreatic, prostate, renal, bone, tticular, cervical, gastrointestinal,
colon, bladder cancer metastasis. 12.The method of claim 11, wherein the bone metastasis is a breast
or prostate cancer metastasis.  13. The method of claim 11 further comprising providing an
anti-neoplastic therapy. 14. The method of claim 13, wherein the antimeoplastic therapy is
chemotherapy, radiotherapy, immunotherapy, or surgery.  



13. The method of claim 11, further comprising providing an anti-neoplastic therapy. 

14. The method of claim 13, wherein the anti-neoplastic therapy is chemotherapy, 

radiotherapy, immunotherapy, or surgery. 

15. The method of claim 1, wherein the componnd is administered orally. 
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The method of claim 1, wherein the compound is administered orally. 


