
NOVEL CRYSTALLINE FORMS OF A VEGF-R INHIBITOR Field of
the Invention The present invention relates to novel
polymorphic forms of 6-[2-
(methylcarbamoyl)phenylsulfanyl]-3-E-[2-(pyridin-2-yl)
ethenyl]indazole and to methods for their preparation.
The invention is also directed to pharmaceutical
compositions containing at least one polymorphic form
and to the therapeutic or prophylactic use of such
polymorphic forms and compositions. Background of the
Invention This invention relates to novel polymorphic
forms of 6-[2-
(methylcarbamoyl)phenylsulfanyl]-3-E-[2-(pyridin-2-yl)
ethenyl]indazole (also referred to as "Compound Y ) 1
that are useful in the treatment of abnormal cell
growth, such as cancer, in mammals. This invention
also relates to compositions including such
polymorphic forms, and to methods of using such
compositions in the treatment of abnormal cell growth
in mammals, especially humans. Compound 1, as well as
pharmaceutically acceptable salts thereof, are
described in U.S. Patent No. 6,534,524 and U.S. Patent
No. 6,531 ,491 . Methods of making Compound 1 are
described in U.S. Patent No. 7,232,910 and U.S.
Application Publication Nos. 2006-0091067 and
2007-0203196 and in WIPO International Publication No.
WO 2006/048745. Polymorphic forms and pharmaceutical
compositions of Compound 1 are also described in U.S.
Application Publication No. 2006-0094763 and WIPO
International Publication No. WO 2006/123223. Dosage
forms of Compound i is also described in U.S.
Application Publication No. 2004-0224988. Compound 1
is a potent and selective inhibitor of vascular
endothelial growth factor (VEGF)/platelet-derived
growth factor (PDGF) receptor tyrosine kinase (RTK)
being developed for use in early to late stage
cancers. Protein tyrosine kinases have been identified
as crucial targets in the therapeutic treatment of
cancer. Growth factorligands and their respective RTKs
are required for tumor angiogenesis and growth. VEGF
and PDGF are critical components in the process
leading to the branching, extension, and survival of
endothelial cells forming new blood vessels during
angiogenesis. Unwanted angiogenesis is a hallmark of
several diseases, such as retinopathies, psoriasis,
rheumatoid arthritis, age-related macular degeneration
(AMD), and cancer (including solid tumors) Folkman,
Nature Med., 1, 27-31 (1995). As understood by those
skilled in the art, it is desirable to have
crystalline or amorphous forms, that possess physical
properties amenable to reliable formulation and
manufacture. Such properties include filterability,
hygroscopicity, and flow, as well as stability to
heat, moisture, and light. Polymorphs are different
crystalline forms of the same compound. The term
polymorph may or may not include other solid state
molecular forms including hydrates (e.g., bound water
present in the crystalline structure) and solvates
(e.g., bound solvents other than water) of the same
compound. Crystalline polymorphs typically have
different crystal structures due to a different
packing of the molecules in the lattice. This results
in a different crystal symmetry and/or unit cell
parameters which directly influences its physical
properties such as the X-ray diffraction
characteristics of crystals or powders. Polymorphic
forms are of interest to the pharmaceutical industry
and especially to those involved in the development of
suitable dosage forms. If the polymorphic form is not
held constant during clinical or stability studies,
the exact dosage form used or studied may not be
comparable from one lot to another. It is also
desirable to have processes for producing a compound
with the selected polymorphic form in high purity when
the compound is used in clinical studies or commercial
products since impurities present may produce
undesired toxicological effects. Certain polymorphic
forms may also exhibit enhanced thermodynamic
stability or may be more readily manufactured in high
purity in large quantities, and thus are more suitable
for inclusion in pharmaceutical formulations. Certain
polymorphs may display other advantageous physical
properties such as lack of hygroscopic tendencies,
improved solubility, and enhanced rates of dissolution
due to different lattice energies. The discussion of
the background to the invention herein is included to
explain the context of the present invention. This is
not to be taken as an admission that any ofthe
material referred to was published, known, or part of
the common general knowledge in any country as of the
priority date of any of the claims. Summary of the
Invention Although several polymorphs of Compound 1.
have been identified, each polymorphic form can be
uniquely identified by several different analytical
parameters, alone or in combination, such as, but not
limited to, powder X-ray diffraction pattern peaks or
combinations of two or more peaks; solid state NMR 13C
and/or 15N chemical shifts or combinations of two or
more chemical shifts; Raman shift peaks or
combinations of two or more Raman shift peaks; or
combinations thereof. One aspect of the present
invention provides a crystalline form of 6-[2-
(methylcarbamoyl)phenylsulfanyl]-3-E-[2-(pyridin-2-yl)
ethenyl]indazole, represented as Compound 1 1 wherein
said crystalline form is a polymorph of Form XXV. For
example, in one embodiment, the present invention
provides a crystalline form of Compound _, wherein
said crystalline form has a powder X-ray diffraction
pattern comprising a peak at diffraction angle (2Q) of
5.1  0.1 . In a further embodiment, the crystalline
form has a powder X-ray diffraction pattern further
comprising a peak at diffraction angle (2Q) of 15.9
0.1 . In another embodiment, the crystalline form has
a powder X-ray diffraction pattern further comprising
peaks at diffraction angles (2Q) of 7.9  0.1 , 10.7
0.1 , and 18.2  0.1 . In another embodiment, the
crystalline form has a powder X-ray diffraction
pattern further comprising peaks at diffraction angles
(20) of 7.9  0.1 , 15.9  0.1 , and 18.2  0.1 . In
another embodiment, the crystalline form has a powder
X-ray diffraction pattern further comprising peaks at
diffraction angles (20) of 10.7  0.1 , 15.9  0.1 , and
26.2  0.1 . In another embodiment, the crystalline
form has a powder X-ray diffraction pattern further
comprising peaks at diffraction angles (20) of 7.9
0.1 , 10.7  0.1 , 15.9  0.1 , and 26.2  0.1 . In
another embodiment, the crystalline form has a powder
X-ray diffraction pattern further comprising peaks at
diffraction angles (20) of 7.9  0.1 , 10.7  0.1 , 15.9
0.1 , 18.2  0.1 , and 26.2  0.1 .- A - Another aspect
of the present invention provides a crystalline form
of Compound 1 , wherein said crystalline form has a
powder X-ray diffraction pattern comprising peaks at
diffraction angles (2Q) of 7.9  0.1 , 10.7  0.1 , and
18.2  0.1 . Another aspect of the present invention
provides a crystalline form of Compound 1, wherein
said crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q) of
7.9  0.1 , 15.9  0.1 , and 18.2  0.1 . Another aspect
of the present invention provides a crystalline form
of Compound 1, wherein said crystalline form has a
powder X-ray diffraction pattern comprising peaks at
diffraction angles (2Q) of 10.7  0.1 , 15.9  0.1 , and
26.2  0.1 . Another aspect of the present invention
provides a crystalline form of Compound , wherein said
crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q) of
7.9  0.1 , 10.7  0.1 , 15.9  0.1 , and 26.2  0.1 .
Another aspect of the present invention provides a
crystalline form of Compound 1, wherein said
crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q)
essentially the same as shown in Figure 1. Another
aspect of the present invention provides a crystalline
form of Compound 1, wherein said crystalline form has
a solid state NMR spectrum comprising 13C chemical
shifts at 167.4  0.2, 157.7  0.2, and 116.6  0.2 ppm.
Another aspect of the present invention provides a
crystalline form of Compound , wherein said
crystalline form has a solid state NMR spectrum
comprising 13C chemical shifts at 167.4  0.2, 157.7
0.2, 116.6  0.2 and 25.6  0.2 ppm. Another aspect of
the present invention provides a crystalline form of
Compound 1, wherein said crystalline form has a solid
state NMR spectrum comprising 13C chemical shifts at
positions essentially the same as shown in Figure 2.
Another aspect of the present invention provides a
crystalline form of Compound 1 , wherein said
crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q) of
5.1  0.1 and 15.9  0.1 , and wherein said crystalline
form has a solid state NMR spectrum comprising 13C
chemical shifts at 167.4  0.2, 157.7  0.2, and 116.6
0.2 ppm. Another aspect of the present invention
provides a crystalline form of Compound 1, wherein
said crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q) of
5.1  0.1 and 15.9  0.1 , and wherein said crystalline
form hasa solid state NMR spectrum comprising 13C
chemical shifts at 167.4  0.2, 157.7  0.2, 116.6  0.2
and 25.6  0.2 ppm. Another aspect of the present
invention provides a crystalline form of Compound 1,
wherein said crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) essentially the same as shown in Figure 1,
and wherein said crystalline form has a solid state
NMR spectrum comprising 13C chemical shifts at
positions essentially the same as shown in Figure 2 .
Another aspect of the present invention provides a
crystalline form of Compound 1, wherein said
crystalline form has a Raman spectrum comprising Raman
shift peaks (cm 1) at positions essentially the same
as shown in Figure 3. A further aspect of the present
invention provides a crystalline form of Compound 1,
wherein said crystalline form is a polymorph of Form
XVI. For example, in one embodiment, the present
invention provides a crystalline form of Compound 1,
wherein said crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) of 10.2  0.1 , 10.6  0.1 , and 16.8  0.1 .
In a further 



embodiment, the crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) of 10.2  0.1 , 10.6  0.1 , and 17.9  0.1 .
In a further embodiment, the crystalline form has a
powder X-ray diffraction pattern comprising peaks at
diffraction angles (2Q) of 10.2  0.1 , 10.6  0.1 , and
18.2  0.1 . In a further embodiment, the crystalline
form has a powder X-ray diffraction pattern comprising
peaks at diffraction angles (2Q) of 10.2  0.1 , 10.6
0.1 , and 25.4  0.1 . Another aspect of the present
invention provides a crystalline form of Compound 1 ,
wherein said crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (20) essentially the same as shown in Figure 4.
Another aspect of the present invention provides a
crystalline form of Compound 1, wherein said
crystalline form is a polymorph of Form XLI. For
example, in one embodiment, the present invention
provides a crystalline form of Compound , wherein said
crystalline form has a powder X-ray diffraction
pattern comprising a peak at diffraction angles (2Q)
of 6.0  0.1 and 11.5  0.1 . In a further embodiment,
the crystalline form has a powder X-ray diffraction
pattern comprising a peak at diffraction angle (2Q) of
6.0  0.1 and 2 1.0  0.1 . In a further embodiment, the
crystalline form has a powder X-ray diffraction
pattern comprising a peak at diffraction angle (2Q) of
6.0  0.1 and 26.9  0.1 .In another embodiment, the
crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q) of
6.0  0.1 , 11.9  0.1 and 22.8  0.1 . In another
embodiment, the crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) of 11.9  0.1 , 2 1.0  0.1 and 22.8 0.1 .
In another embodiment, the crystalline form has a
powder X-ray diffraction pattern comprising peaks at
diffraction angles (2Q) of 11.9  0.1 , 2 1.0  0.1 and
26.9 0.1 . In another embodiment, the crystalline form
has a powder X-ray diffraction pattern comprising
peaks at diffraction angles (2Q) of 11.9  0.1 , 2 1.0
0.1 and 23. 1 0.1 . In another embodiment, the
crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (20) of
11.5  0.1 , 15.6  0.1 and 16.2 0.1 . In another
embodiment, the crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) of 11.5  0.1 , 15.6  0.1 and 16.5  0.1 .
Another aspect of the present invention provides a
crystalline form of Compound 1, wherein said
crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q)
essentially the same as shown in Figure 6. Another
aspect of the present invention provides a crystalline
form of Compound 1, wherein said crystalline form has
a solid state NMR spectrum comprising 13C chemical
shifts at 150.1  0.2, 136.6  0.2, 135.0  0.2, 116.9
0.2and 27.5  0.2 ppm. Another aspect of the present
invention provides a crystalline form of Compound 1 ,
wherein said crystalline form has a solid state NMR
spectrum comprising 13C chemical shifts at positions
essentially the same as shown in Figure 7. Another
aspect of the present invention provides a crystalline
form of Compound 1 , wherein said crystalline form has
a solid state NMR spectrum comprising 15N chemical
shifts at -50.2  0.2, -79.0  0.2, -187.1  0.2 and
-263.2  0.2 ppm. Another aspect of the present
invention provides a crystalline form of Compound 1,
wherein said crystalline form has a solid state NMR
spectrum comprising 15N chemical shifts at positions
essentially the same as shown in Figure 8.Another
aspect of the present invention provides a crystalline
form of Compound 1, wherein said crystalline form has
a powder X-ray diffraction pattern comprising peaks at
diffraction angles (20) of 6.0  0.1 and 11.5 + 0.1 and
wherein said crystalline form has a solid state NMR
spectrum comprising 13C chemical shifts at 150.1  0.2
and 27.5  0.2 ppm. Another aspect of the present
invention provides a crystalline form of Compound 1,
wherein said crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) of 6.0  0.1 , 11.5  0.1 and 11.9  0.1 and
wherein said crystalline form has a solid state NMR
spectrum comprising 13C chemical shifts at 150.1  0.2,
136.6  0.2, 135.0  0.2, 116.9  0.2and 27.5  0.2 ppm.
Another aspect of the present invention provides a
crystalline form of Compound I , wherein said
crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q)
essentially the same as shown in Figure 6, and wherein
said crystalline form has a solid state NMR spectrum
comprising 13C chemical shifts at positions
essentially the same as shown in Figure 7. Another
aspect of the present invention provides a crystalline
form of Compound 1, wherein said crystalline form has
a powder X-ray diffraction pattern comprising peaks at
diffraction angles (2Q) essentially the same as shown
in Figure 6, and wherein said crystalline form has a
solid state NMR spectrum comprising 15N chemical
shifts at positions essentially the same as shown in
Figure 8. Another aspect of the present invention
provides a crystalline form of Compound , wherein said
crystalline form has a Raman spectrum comprising Raman
shift peaks (cm" 1) at positions essentially the same
as shown in Figure 9. A further aspect of the present
invention provides a crystalline form of Compound 1,
wherein said crystalline form is a polymorph of Form
IX. For example, in one embodiment, the present
invention provides a crystalline form of Compound ,
wherein said crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) of 7.7  0.1 , 8.1  0.1 , 8.5  0.1 and 14.3
0.1 . In another aspect, said crystalline form has a
powder X-ray diffraction pattern comprising peaks at
diffraction angles (2Q) of 7.7  0.1 8.1  0.1 , 8.5
0.1 , and 18.3  0.1 . In another aspect, said
crystalline form of Compound has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) essentially the same as shown in Figure
10.Another aspect of the present invention provides a
crystalline form of Compound , wherein said
substantially pure crystalline form has a solid state
NMR spectrum comprising 13C chemical shifts at 171 .4
0.2 and 28.0  0.2 ppm. In another aspect, said
crystalline form of Compound 1 has solid state NMR
spectrum comprising 13C chemical shifts at positions
essentially the same as shown in Figure 11. Another
aspect of the present invention provides a crystalline
form of Compound 1 , wherein said substantially pure
crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q)
essentially the same as shown in Figure 10, and
wherein said substantially pure crystalline form has a
solid state NMR spectrum comprising 13C chemical
shifts at positions essentially the same as shown in
Figure 11. A further aspect of the present invention
provides a crystalline form of Compound 1, wherein
said crystalline form is a polymorph of Form XII. For
example, in one embodiment, the present invention
provides a crystalline form of Compound 1, wherein
said crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q) of
11.9  0.1 , 18.1  0.1 , and 3 1.2  0.1 . In another
embodiment, the present invention provides a
crystalline form of Compound 1 , wherein said
crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q) of
11.9  0.1 , 28.1  0.1 , and 3 1.2  0.1 . In another
embodiment, the present invention provides a
crystalline form of Compound 1, wherein said
crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q) of
16.8  0.1 , 28.1  0.1 , and 3 1.2  0.1 . In another
embodiment, the present invention provides a
crystalline form of Compound , wherein said
crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q) of
25.3  0.1 , 28.1  0.1 , and 3 1.2  0.1 . Another
aspect of the present invention provides a crystalline
form of Compound 1, wherein said crystalline form has
a powder X-ray diffraction pattern comprising peaks at
diffraction angles (2Q) essentially the same as shown
in Figure 12. A further aspect of the present
invention provides a crystalline form of Compound 1,
wherein said crystalline form is a polymorph of Form
XV. For example, in one embodiment, the present
invention provides a crystalline form of Compound i ,
wherein said crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) of 10.1  0.1 , 11.9  0.1 , 15.2  0.1 , 2
1.5  0.1 , and 26.3  0.1 . In another embodiment, the
present invention provides a crystalline form of
Compound I ,wherein said crystalline form has a powder
X-ray diffraction pattern comprising peaks at
diffraction angles (2Q) of 10.1  0.1 , 2 1.5  0.1 ,
25.0  0.1 , and 25.3  0.1 . Another aspect of the
present invention provides a crystalline form of
Compound 1, wherein said crystalline form has a powder
X-ray diffraction pattern comprising peaks at
diffraction angles (2Q) essentially the same as shown
in Figure 13. Another aspect of the present invention
provides an amorphous form of Compound , wherein said
amorphous form has a powder X-ray diffraction pattern
comprising peaks at diffraction angles (2Q)
essentially the same as shown in Figures 14 and 15.
Another aspect of the present invention provides an
amorphous form of Compound 1 , wherein said amorphous
form has a solid state NMR spectrum comprising 13C
chemical shifts at positions essentially the same as
shown in Figure 16. In a further aspect, the present
invention contemplates that the crystalline forms of
Compound 1 as described herein can exist in the
presence of other crystalline or amorphous forms or
mixtures thereof of Compound Accordingly, in one
embodiment, the present invention provides any of the
crystalline forms of Compound L_as described herein,
wherein said crystalline form is present in a solid
form that includes less than 95%, less than 90%, less
than 80%, less than 70%, less than 60%, less than 50%,
less than 40%, less than 30%, less than 20%, less than
10%, less than 5%, less than 3%, or less than 1% by
weight of any other physical forms of Compound 1. For
example, in one embodiment is a solid form of Compound
\ comprising a crystalline form of Compound 1 



that has a powder X-ray diffraction pattern comprising
a peak at diffraction angle (20) of 5.1  0.1 , and
wherein said solid form includes less than 95%, less
than 90%, less than 80%, less than 70%, less than 60%,
less than 50%, less than 40%, less than 30%, less than
20%, less than 10%, less than 5%, less than 3%, or
less than 1% by weight of any other physical forms of
Compound L. Further for example, the present invention
provides a substantially pure crystalline form of
Compound j[, wherein said substantially pure
crystalline form has a powder X-ray diffraction
pattern comprising a peak at diffraction angle (2Q) of
5.1  0.1 . In a further embodiment, said substantially
pure crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q) of
5.1  0.1 and 15.9  0.1 . In a further embodiment, said
substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (20) of 5.1  0.1 , 7.9  0.1 , 10.7 0.1 , and
18.2  0.1 . In a further embodiment, said
substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) of 5.1  0.1 , 7.9  0.1 , 15.9  0.1 , and
18.2  0.1 . In a further embodiment, said
substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) of 5.1  0.1 , 10.7  0.1 , 15.9  0.1 , and
26.2  0.1 . In a further embodiment, said
substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) of 5.1 + 0.1 , 7.9  0.1 , 10.7  0.1 , 15.9
0.1 , and 26.2  0.1 . In a further embodiment, said
substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) of 5.1  0.1 , 7.9  0.1 , 10.7  0.1 , 15.9
0.1 , 18.2  0.1 , and 26.2  0.1 . Another aspect of
the present invention provides a substantially pure
crystalline form of Compound 1 , wherein said
substantially pure crystalline form has a powder Xray
diffraction pattern comprising peaks at diffraction
angles (2Q) essentially the same as shown in Figure 1.
Another aspect of the present invention provides a
substantially pure crystalline form of Compound 1 ,
wherein said substantially pure crystalline form has a
solid state NMR spectrum comprising 13C chemical
shifts at 167.4  0.2, 157.7  0.2, and 116.6  0.2 ppm.
Another aspect of the present invention provides a
substantially pure crystalline form of Compound 1 ,
wherein said substantially pure crystalline form has a
solid state NMR spectrum comprising 13C chemical
shifts at 167.4  0.2, 157.7  0.2, 116.6  0.2 and 25.6
0.2 ppm. Another aspect of the present invention
provides a substantially pure crystalline form of
Compound 1 , wherein said substantially pure
crystalline form has a solid state NMR spectrum
comprising 13C chemical shifts at positions
essentially the same as shown in Figure 2. Another
aspect of the present invention provides a
substantially pure crystalline form of Compound ,
wherein said substantially pure crystalline form is a
substantially pure polymorph of Form XXV. Further for
example, the present invention provides a
substantially pure crystalline form of Compound ,
wherein said substantially pure crystalline form has a
powder X-ray diffraction pattern comprising peaks at
diffraction angles (2Q) of 10.2  0.1 , 10.6  0.1 , and
16.8  0.1 . In a further embodiment, said
substantially pure crystalline form has apowder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) of 10.2  0.1 , 10.6  0.1 , and 17.9  0.1 .
In a further embodiment, said substantially pure
crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q) of
10.2  0.1 , 10.6  0.1 , and 18.2  0.1 . In a further
embodiment, said substantially pure crystalline form
has a powder X-ray diffraction pattern comprising
peaks at diffraction angles (2Q) of 10.2  0.1 , 10.6
0.1 , and 25.4  0.1 . Another aspect of the present
invention provides a substantially pure crystalline
form of Compound 1, wherein said substantially pure
crystalline form has a powder Xray diffraction pattern
comprising peaks at diffraction angles (2Q)
essentially the same as shown in Figure 4. Another
aspect of the present invention provides a
substantially pure crystalline form of Compound 1,
wherein said substantially pure crystalline form is
polymorph of Form XVI. Another aspect of the present
invention provides a substantially pure crystalline
form of Compound 1, wherein said substantially pure
crystalline form is polymorph of Form XLI. For
example, in one embodiment, the present invention
provides a substantially pure crystalline form of
Compound 1, wherein said substantially pure
crystalline form has a powder X-ray diffraction
pattern comprising a peak at diffraction angles (2Q)
of 6.0  0.1 and 11.5  0.1 . In a further embodiment,
the substantially pure crystalline form has a powder
Xray diffraction pattern comprising a peak at
diffraction angle (2Q) of 6.0  0.1 and 2 1.0  0.1 . In
a further embodiment, the substantially pure
crystalline form has a powder Xray diffraction pattern
comprising a peak at diffraction angle (2Q) of 6.0
0.1 and 26.9  0.1 . In another embodiment, the
substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) of 6.0  0.1 , 11.9  0.1 and 22.8  0.1 . In
another embodiment, the substantially pure crystalline
form has a powder X-ray diffraction pattern comprising
peaks at diffraction angles (2Q) of 11.9  0.1 , 2 1.0
0.1 and 22.8 0.1 .In another embodiment, the
substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) of 11.9  0.1 , 2 1.0  0.1 and 26.9 0.1 .
In another embodiment, the substantially pure
crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q) of
11.9  0.1 , 2 1.0  0.1 and 23.1 0.1 . In another
embodiment, the substantially pure crystalline form
has a powder X-ray diffraction pattern comprising
peaks at diffraction angles (2Q) of 11.5  0.1 , 15.6
0.1 and 16.2 0.1 . In another embodiment, the
substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) of 11.5  0.1 , 15.6  0.1 and 16.5  0.1 .
Another aspect of the present invention provides a
substantially pure crystalline form of Compound ,
wherein said substantially pure crystalline form has a
powder X-ray diffraction pattern comprising peaks at
diffraction angles (2Q) essentially the same as shown
in Figure 6. Another aspect of the present invention
provides a substantially pure crystalline form of
Compound 1, wherein said substantially pure
crystalline form has a solid state NMR spectrum
comprising 13C chemical shifts at 150.1  0.2, 136.6
0.2, 135.0  0.2, 116.9  0.2and 27.5  0.2 ppm. Another
aspect of the present invention provides a
substantially pure crystalline form of Compound ,
wherein said substantially pure crystalline form has a
solid state NMR spectrum comprising 13C chemical
shifts at positions essentially the same as shown in
Figure 7. Another aspect of the present invention
provides a substantially pure crystalline form of
Compound 1, wherein said substantially pure
crystalline form has a solid state NMR spectrum
comprising 15N chemical shifts at -50.2  0.2, -79.0
0.2, -187.1  0.2 and -263.2  0.2 ppm. Another aspect
of the present invention provides a substantially pure
crystalline form of Compound 1, wherein said
substantially pure crystalline form has a solid state
NMR spectrum comprising 15N chemical shifts at
positions essentially the same as shown in Figure 8
.Another aspect of the present invention provides a
substantially pure crystalline form of Compound ,
wherein said substantially pure crystalline form has a
powder X-ray diffraction pattern comprising peaks at
diffraction angles (2Q) of 6.0  0.1 , 11.5  0.1 and
11.9  0.1 and wherein said substantially pure
crystalline form has a solid state NMR spectrum
comprising 13C chemical shifts at 150.1  0.2, 136.6
0.2, 135.0  0.2, 116.9  0.2and 27.5  0.2 ppm. Another
aspect of the present invention provides a
substantially pure crystalline form of Compound 1,
wherein said substantially pure crystalline form has a
powder X-ray diffraction pattern comprising peaks at
diffraction angles (2Q) essentially the same as shown
in Figure 6, and wherein said substantially pure
crystalline form has a solid state NMR spectrum
comprising 13C chemical shifts at positions
essentially the same as shown in Figure 7. Another
aspect of the present invention provides a
substantially pure crystalline form of Compound ,
wherein said substantially pure crystalline form has a
powder X-ray diffraction pattern comprising peaks at
diffraction angles (2Q) essentially the same as shown
in Figure 6, and wherein said substantially pure
crystalline form has a solid state NMR spectrum
comprising 15N chemical shifts at positions
essentially the same as shown in Figure 8. Another
aspect of the present invention provides a
substantially pure crystalline form of Compound 1 ,
wherein said substantially pure crystalline form has a
Raman spectrum comprising Raman shift peaks (cm" 1) at
positions essentially the same as shown in Figure 9. A
further aspect of the present invention provides a
substantially pure crystalline form of Compound 1,
wherein said crystalline form is a polymorph of Form
IX. For example, in one embodiment, the present
invention provides a substantially pure crystalline
form of Compound 1 , wherein said substantially pure
crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q) of
7.7  0.1 , 8.1  0.1 , 8.5  0.1 and 14.3  0.1 . In a
further embodiment, said substantially pure
crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction 



angles (2Q) of 7.7  0.1 8.1  0.1 , 8.5  0.1 , and 18.3
0.1 . Another aspect of the present invention provides
a substantially pure crystalline form of Compound 1,
wherein said substantially pure crystalline form has a
solid state NMR spectrum comprising 13C chemical
shifts at 171 .4  0.2 and 28.0  0.2 ppm.Another aspect
of the present invention provides a substantially pure
crystalline form of Compound 1 , wherein said
substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) essentially the same as shown in Figure
10, and wherein said substantially pure crystalline
form has a solid state NMR spectrum comprising 13C
chemical shifts at positions essentially the same as
shown in Figure 11. A further aspect of the present
invention provides a substantially pure crystalline
form of Compound 1 , wherein said substantially pure
crystalline form is a polymorph of Form XII. For
example, in one embodiment, the present invention
provides a substantially pure crystalline form of
Compound 1, wherein said substantially pure
crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q) of
11.9  0.1 , 18.1  0.1 , and 3 1.2  0.1 . In another
embodiment, the present invention provides a
substantially pure crystalline form of Compound 1 ,
wherein said substantially pure crystalline form has a
powder X-ray diffraction pattern comprising peaks at
diffraction angles (2Q) of 11.9  0.1 , 28.1  0.1 , and
3 1.2  0.1 . In another embodiment, the present
invention provides a substantially pure crystalline
form of Compound I , wherein said substantially pure
crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q) of
16.8  0.1 , 28.1  0.1 , and 3 1.2  0.1 . In another
embodiment, the present invention provides a
substantially pure crystalline form of Compound 1 ,
wherein said substantially pure crystalline form has a
powder X-ray diffraction pattern comprising peaks at
diffraction angles (20) of 25.3  0.1 , 28.1  0.1 , and
3 1.2  0.1 . Another aspect of the present invention
provides a substantially pure crystalline form of
Compound 1_, wherein said substantially pure
crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q)
essentially the same as shown in Figure 12. A further
aspect of the present invention provides a
substantially pure crystalline form of Compound 1,
wherein said substantially pure crystalline form is a
polymorph of Form XV. For example, in one embodiment,
the present invention provides a substantially pure
crystalline form of Compound 1 , wherein said
substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) of 10.1  0.1 , 11.9  0.1 , 15.2  0.1 , 2
1.5  0.1 , and 26.3  0.1 . In another embodiment, the
present invention provides a substantially pure
crystalline form ofCompound 1, wherein said
substantially pure crystalline form has a powder X-ray
diffraction pattern comprising peaks at diffraction
angles (2Q) of 10.1  0.1 , 2 1.5 + 0.1 , 25.0  0.1 ,
and 25.3  0.1 . Another aspect of the present
invention provides a substantially pure crystalline
form of Compound , wherein said substantially pure
crystalline form has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (2Q)
essentially the same as shown in Figure 13. Another
aspect of the present invention provides a
substantially pure amorphous form of Compound 1,
wherein said substantially pure amorphous form has a
powder Xray diffraction pattern comprising peaks at
diffraction angles (2Q) essentially the same as shown
in Figure 14. Another aspect of the present invention
provides a substantially pure amorphous form of
Compound I , wherein said substantially pure amorphous
form has a powder X-ray diffraction pattern comprising
peaks at diffraction angles (2Q) essentially the same
as shown in Figure 15. Another aspect of the present
invention provides a substantially pure amorphous form
of Compound J , wherein said substantially pure
amorphous form has a solid state NMR spectrum
comprising 13C chemical shifts at positions
essentially the same as shown in Figure 16. A further
aspect of the present invention provides a
pharmaceutical composition comprising any of the
crystalline forms or amorphous forms of Compound as
described herein. In a further aspect, the invention
provides an oral dosage form comprising any of the
crystalline forms or amorphous forms of Compound 1 or
pharmaceutical compositions described herein. For
example, in one embodiment the oral dosage form is a
tablet, pill, dragee core, or capsule. For example, in
one embodiment, the oral dosage form is a tablet or
capsule. Further, for example, in one embodiment the
invention provides a tablet comprising any of the
crystalline forms or amorphous forms of Compound 1. or
pharmaceutical compositions described herein. For
example, in one embodiment the tablet comprises from
about 1 to about 10 mg of the crystalline form or
amorphous form of Compound i . Further, for example,
the tablet comprises from about 1 to about 5 mg of the
crystalline form or amorphous form of Compound . Even
further, for example, the tablet comprises about 1 mg
of the crystalline form or amorphous form of Compound
. Even further, for example, the tablet comprises
about 2 mg, about 3 mg, about 4 mg, or about 5 mg of
the crystallineform or amorphous form of Compound JL
Even further for example, the crystalline form of
Compound 1 is Form XXV. Still further, for example,
the crystalline form of Compound 1 is Form XLI. A
further aspect of the present invention provides a
method for preparing Compound 1 in crystalline Form
XXV, said method comprising heating crystalline Form
XVI of Compound JL For example, in one embodiment,
said heating is carried out in the presence of an
appropriate solvent. In one embodiment, the solvent is
ethanol. In a further embodiment, seed crystals of
Form XXV are combined with crystalline Form XVI prior
to, or during the heating. A further aspect of the
present invention provides a method for preparing
Compound 1 in crystalline Form XVl, said method
comprising dissolving Form VIII of Compound in an
appropriate solvent and heating. A further aspect of
the present invention provides a method for preparing
Compound 1 in crystalline Form XLI, said method
comprising heating crystalline Form XVI of Compound
1.. For example, in one embodiment, said heating is
carried out in the presence of an appropriate solvent.
In one embodiment, the solvent is ethanol. In a
further embodiment, seed crystals of Form XLI are
combined with crystalline Form XVI prior to, or during
the heating. A further aspect of the present invention
provides a method for preparing Compound 1 in
amorphous from crystalline Form XLI, said method
comprising grinding crystalline Form XLI of Compound
L_. For example, in one embodiment, said grinding is
carried out through ball milling. A further aspect of
the present invention provides a method of treating
cancer in a mammal, the method comprising
administering to the mammal a therapeutically
effective amount of any of the crystalline forms of
Compound X or any of the pharmaceutical compositions
described herein. In a particular aspect of any of the
preceding method embodiments, the method further
comprises administering one or more anti-tumor agents,
anti-angiogenesis agents, signal transduction
inhibitors, or antiproliferative agents. Definitions
The term "treating", as used herein, unless otherwise
indicated, means reversing, alleviating, inhibiting
the progress of, or preventing the disorder or
condition to which such term applies, or one or more
symptoms of such disorder or condition. The
term"treatment", as used herein, unless otherwise
indicated, refers to the act of "treating" as defined
immediately above. As used herein, the term "Compound
means the chemical compound 6-[2-
(methylcarbamoyl)phenylsulfanyl]-3-E-[2-(pyridin-2-yl)
ethenyl]indazole, also represented by the structural
formula 1 As used herein, the term "substantially
pure" with reference to a particular crystalline or
amorphous form means that the crystalline or amorphous
form includes less than 10%, preferably less than 5%,
preferably less than 3%, preferably less than 1% by
weight of any other physical forms of the compound. As
used herein, the term "essentially the same" with
reference to X-ray diffraction peak positions means
that typical peak position and intensity variability
are taken into account. For example, one skilled in
the art will appreciate that the peak positions (2Q)
will show some variability, typically as much as 0.1
to 0.2 degrees, depending on the solvents being used,
as well as on the apparatus being used to measure the
diffraction. Further, one skilled in the art will
appreciate that relative peak intensities will show
inter-apparatus variability as well as variability due
to degree of crystallinity, preferred orientation,
prepared sample surface, and other factors known to
those skilled in the art, and should be taken as
qualitative measures only. Similarly, as used herein,
"essentially the same" with reference to solid state
NMR spectra and Raman spectra is intended to also
encompass the variabilities associated with these
analytical techniques, which are known to those of
skill in the art. For example, 13C chemical shifts
measured in solid state NMR will typically have a
variability of up to 0.2 ppm for well defined peaks,
and even larger for broad lines, while Raman shifts
will typically have a variability of about 2 cm 1. The
term "polymorph" refers to different crystalline forms
of the same compound and includes, but is not limited
to, other solid state molecular forms including
hydrates (e.g., bound water present in the crystalline
structure) and solvates (e.g., bound solvents other
than water) of the same compound. The term "2 theta
value" or "2Q" refers to the peak position in degrees
based on the experimental setup of the X-ray
diffraction experiment and is a common abscissaunit in
diffraction patterns. The experimental setup requires
that if a reflection is diffracted when the incoming
beam forms an angle theta (q) with a certain lattice
plane, the reflected beam is recorded at an angle 2
theta (2Q) . It should be understood that reference
herein to specific 2Q values for a specific
polymorphic form is intended to mean the 2Qvalues (in
degrees) as measured using the X-ray diffraction
experimental 



conditions as described herein. For example, as
described herein, CuKa (wavelength 1.54056A) was used
as the source of radiation. The term "amorphous"
refers to any solid substance which (i) lacks order in
three dimensions, or (ii) exhibits order in less than
three dimensions, order only over short distances
(e.g., less than 10 A), or both. Thus, amorphous
substances include partially crystalline materials and
crystalline mesophases with, e.g. one- or
two-dimensional translational order (liquid crystals),
orientational disorder (orientationally disordered
crystals), or conformational disorder
(conformationally disordered crystals). Amorphous
solids may be characterized by known techniques,
including X-ray powder diffraction (XRPD)
crystallography, solid state nuclear magnet resonance
(ssNMR) spectroscopy, differential scanning
calorimetry (DSC), or some combination of these
techniques. As illustrated, below, amorphous solids
give diffuse XRPD patterns, typically comprised of one
or two broad peaks (i.e., peaks having base widths of
about 5 2Qor greater). The term "crystalline" refers
to any solid substance exhibiting three-dimensional
order, which in contrast to an amorphous solid
substance, gives a distinctive XRPD pattern with
sharply defined peaks. The term "solvate" describes a
molecular complex comprising the drug substance and a
stoichiometric or non-stoichiometric amount of one or
more solvent molecules (e.g., ethanol). When the
solvent is tightly bound to the drug the resulting
complex will have a well-defined stoichiometry that is
independent of humidity. When, however, the solvent is
weakly bound, as in channel solvates and hygroscopic
compounds, the solvent content will be dependent on
humidity and drying conditions. In such cases, the
complex will often be non-stoichiometric. The term
"hydrate" describes a solvate comprising the drug
substance and a stoichiometric or non-stoichiometric
amount of water. The term "powder X-ray diffraction
pattern" or "PXRD pattern" refers to the
experimentally observed diffractogram or parameters
derived therefrom. Powder X-Raydiffraction patterns
are characterized by peak position (abscissa) and peak
intensities (ordinate). The term "pharmaceutical
composition" refers to a composition comprising one or
more of the polymorphic forms of Compound described
herein, and other chemical components, such as
physiologically/pharmaceutically acceptable carriers,
diluents, vehicles and/or excipients. The purpose of a
pharmaceutical composition is to facilitate
administration of a compound to an organism, such as a
human or other mammal. The term "pharmaceutically
acceptable" "carrier", "diluent", "vehicle", or
"excipient" refers to a material (or materials) that
may be included with a particular pharmaceutical agent
to form a pharmaceutical composition, and may be solid
or liquid. Exemplary of solid carriers are lactose,
sucrose, talc, gelatin, agar, pectin, acacia,
magnesium stearate, stearic acid and the like.
Exemplary of liquid carriers are syrup, peanut oil,
olive oil, water and the like. Similarly, the carrier
or diluent may include timedelay or time-release
material known in the art, such as glyceryl
monostearate or glyceryl distearate alone or with a
wax, ethylcellulose, hydroxypropylmethylcellulose,
methyl methacrylate and the like. Brief Description of
the Drawings Figure 1 shows a PXRD pattern of Compound
1. Form XXV carried out on a Bruker D5000
diffractometer. Figure 2 shows a 13C solid state NMR
spectrum of Compound 1 Form XXV carried out on a
Bruker-Biospin 4 mm BL triple resonance CPMAS probe
positioned into a wide-bore Bruker-Biospin Avance DSX
500 MHz NMR spectrometer. Figure 3 shows a Raman
spectrum of Compound 1 Form XXV carried out on a
ThermoNicolet 960 FT-Raman spectrometer equipped with
a 1064 nm NdYAG laser and InGaAs detector. Figure 4
shows a PXRD pattern of Compound 1 Form XVI carried
out on a Bruker D5000 diffractometer. Figure 5 shows a
PXRD pattern of Compound 1 Form VIII carried out on a
Bruker D5000 diffractometer. Figure 6 shows a PXRD
pattern of Compound 1 Form XLI carried out on a Bruker
D5000 diffractometer.Figure 7 shows a 13C solid state
NMR spectrum of Compound 1 Form XLI carried out on a
Bruker-Biospin 4 mm BL triple resonance CPMAS probe
positioned into a widebore Bruker-Biospin Avance DSX
500 MHz NMR spectrometer. Figure 8 shows a 15N solid
state NMR spectrum of Compound 1 Form XLI carried out
on a Bruker-Biospin 4 mm BL triple resonance CPMAS
probe positioned into a widebore Bruker-Biospin Avance
DSX 500 MHz NMR spectrometer. Figure 9 shows a Raman
spectrum of Compound 1 Form XLI carried out on a
ThermoNicolet 960 FT-Raman spectrometer equipped with
a 1064 nm NdYAG laser and InGaAs detector. Figure 10
shows a PXRD pattern of Compound 1 Form IX carried out
on a Bruker D5000 diffractometer. Figure 11 shows a
13C solid state NMR spectrum of Compound 1 Form IX
carried out on a Bruker-Biospin 4 mm BL triple
resonance CPMAS probe positioned into a widebore
Bruker-Biospin Avance DSX 500 MHz NMR spectrometer.
Figure 12 shows a PXRD pattern of Compound Form XII
carried out on a Bruker D5000 diffractometer. Figure
13 shows a PXRD pattern of Compound 1 Form XV carried
out on a Bruker D5000 diffractometer. Figure 14 shows
a PXRD pattern of amorphous form of Compound 1 carried
out on a Bruker D5000 diffractometer. Figure 15 shows
a PXRD pattern of amorphous form of Compound carried
out on a Bruker D5000 diffractometer. The pattern is
the same as in Figure 14 except it was processed with
a polynomial smoothing function to enhance detail.
Figure 16 shows a 13C solid state NMR spectrum of
amorphous form of Compound 1 carried out on a
Bruker-Biospin 4 mm BL triple resonance CPMAS probe
positioned into a wide-bore Bruker-Biospin Avance DSX
500 MHz NMR spectrometer. Detailed Description Of The
Invention It has been found that Compound 1 can exist
in multiple crystalline forms (polymorphs) or as an
amorphous form. These forms may be used in a
formulated product for the treatment of
hyperproliferative indications, including cancer. Each
formmay have advantages over the others in terms of
properties such as bioavailability, stability, and
manufacturability. Novel crystalline forms of Compound
1 have been discovered which are likely to be more
suitable for bulk preparation and handling than other
polymorphic forms. Processes for producing polymorphic
forms of Compound 1 in high purity are described
herein and in U.S. Application No. 2006-0094763.
Another object of the present invention is to provide
a process for the preparation of each polymorphic form
of Compound J., substantially free from other
polymorphic forms of Compound 1.. Additionally it is
an object of the present invention to provide
pharmaceutical formulations comprising Compound 1 in
different polymorphic forms as discussed above, and
methods of treating hyperproliferative conditions by
administering such pharmaceutical formulations. I.
Polymorphic Forms of Compound 1 Each crystalline form
of Compound 1 can be characterized by one or more of
the following: powder X-ray diffraction pattern (i.e.,
X-ray diffraction peaks at various diffraction angles
(2Q)), solid state nuclear magnetic resonance (NMR)
spectral pattern, Raman spectral diagram pattern,
aqueous solubility, light stability under
International Conference on Harmonization (ICH) high
intensity light conditions, and physical and chemical
storage stability. For example, polymorphic Forms XXV,
XVI, VIII, XLI, IX, XII, XV, and amorhous form
(discussed below) of Compound L_were each
characterized by the positions and relative
intensities of peaks in their powder X-ray diffraction
patterns. The powder X-ray diffraction parameters
differ for each of the polymorphic forms of Compound
JL For example, Forms XXV, XVI, VIII, XLI, IX, XII,
XV, and amorhous form of Compound can therefore be
distinguished from each other and from other
polymorphic forms of Compound 1 by using powder X-ray
diffraction. The powder X-ray diffraction patterns of
the different polymorphic forms (Forms XXV, XVI, VIlI,
XLI, IX, XII, XV) and amorphous form of Compound were
carried out on a Bruker D5000 diffractometer using
copper radiation (CuKa, wavelength: 1.54056A). The
tube voltage and amperage were set to 40 kV and 40 mA,
respectively. The divergence and scattering slits were
set at 1 mm, and the receiving slit was set at 0.6 mm.
Diffracted radiation was detected by a Kevex PSI
detector. A theta-two theta continuous scan at 2.4
degrees/min (1 second/0.04 degree step) from 3.0 to 40
degrees 2Q was used. An alumina standard was analyzed
to check the instrument alignment. Data were collected
and analyzed using Bruker axis software Version 7.0.
Sampleswere prepared by placing them in a quartz
holder. It should be noted that Bruker Instruments
purchased Siemans; thus, the Bruker D5000 instrument
is essentially the same as a Siemans D5000. Eva
Application 9.0.0.2 software was used to visualize and
evaluate PXRD spectra. PXRD data files (.raw) of
crystalline forms were not processed prior to peak
searching. A polynomial smoothing factor of 0.3 was
applied to the amorphous PXRD data file in one
instance to enhance detail. Generally, a Threshold
value of 1 and a Width value of 0.3 were used to make
preliminary peak assignments. The output of automated
assignments was visually checked to ensure validity
and adjustments were manually made if necessary. These
peak values for each form are summarized in tables
below. PXRD data files of the amorphous form was To
perform an X-ray diffraction measurement on a
Bragg-Brentano instrument like the Bruker system used
for measurements reported herein, the sample is
typically placed into a holder which has a cavity. The
sample powder is pressed by a glass slide or
equivalent to ensure a random surface and proper
sample height. The sample holder is then placed into
the instrument. The incident X-ray beam is directed at
the sample, initially at a small angle relative to the
plane of the holder, and then moved through an 



arc that continuously increases the angle between the
incident beam and the plane of the holder. Measurement
differences associated with such X-ray powder analyses
result from a variety of factors including: (a) errors
in sample preparation (e.g., sample height); (b)
instrument errors (e.g., flat sample errors); (c)
calibration errors; (d) operator errors (including
those errors present when determining the peak
locations); and (e) the nature of the material (e.g.,
preferred orientation and transparency errors).
Calibration errors and sample height errors often
result in a shift of all the peaks in the same
direction. Small differences in sample height when
using a flat holder will lead to large displacements
in PXRD peak positions. A systematic study showed
that, using a Shimadzu XRD-6000 in the typical
Bragg-Brentano configuration, sample height difference
of 1 mm led to peak shifts as high as 1 degree (2Q
(Chen et al., J Pharmaceutical and Biomedical Analysis
26:63 (2001 )). These shifts can be identified from
the X-ray diffractogram and can be eliminated by
compensating for the shift (applying a systematic
correction factor to all peak position values) or
recalibrating the instrument. As mentioned above, it
is possible to rectify measurements from the various
machines by applying a systematic correction factor to
bring the peak positions into agreement. In general,
this correction factor will bring the measured peak
positionsfrom the Bruker into agreement with the
expected peak positions and may be in the range of 0
to 0.2 degrees (2Q. One of skill in the art will
appreciate that the peak positions (2Q) will show some
inter-apparatus variability, typically as much as 0.1
to 0.2 degrees (2Q. Accordingly, where peak positions
(2Q) are reported, one of skill in the art will
recognize that such numbers are intended to encompass
such inter-apparatus variability. Furthermore, where
the crystalline forms of the present invention are
described as having a powder X-ray diffraction pattern
essentially the same as that shown in a given figure,
the term "essentially the same" is also intended to
encompass such inter-apparatus variability in
diffraction peak positions. Further, one skilled in
the art will appreciate that relative peak intensities
will show inter-apparatus variability as well as
variability due to the degree of crystallinity,
preferred orientation, prepared sample surface, and
other factors known to those skilled in the art, and
should be taken as qualitative measures only. The
different crystalline forms and amorphous form of the
present invention can also be characterized using
solid state NMR spectroscopy. The 13C solid state
spectra can be collected as follows. Approximately 80
mg of sample were tightly packed into a 4 mm ZrO2
spinner. The spectra were collected at ambient
temperature and pressure on a 4 mm Bruker-Biospin
CPMAS probe positioned into a wide-bore Bruker-Biospin
Avance DSX 500 MHz NMR spectrometer. The sample was
positioned at the magic angle and spun at 15.0 kHz.
The fast spinning speed minimized the intensities of
the spinning side bands. The 13C solid state spectrum
was collected using a proton decoupled
cross-polarization magic angle spinning experiment
(CPMAS). The cross-polarization contact time was set
to 2.0 ms. A proton decoupling field of approximately
90 kHz was applied. The number of scans was adjusted
to obtain adequate S/N. The recycle delay was adjusted
approximately to 1.5 times the proton longitudinal
relaxation time calculated based on proton detected
proton inversion recovery relaxation experiment. The
carbon spectrum was referenced using an external
standard of crystalline adamantane, setting its
upfield resonance to 29.5 ppm. The 15N solid state
spectra can be collected as follows. Approximately 270
mg of sample were tightly packed into a 7 mm ZrU2
spinner. The spectra were collected at ambient
temperature and pressure on a 7 mm Bruker-Biospin
CPMAS probe positioned into a wide-bore Bruker-Biospin
Avance DSX 500 MHz NMR spectrometer. The sample was
positioned at the magic angle and spun at 7.0 kHz. The
fast spinning speedminimized the intensities of the
spinning side bands. The 15N solid state spectrum was
collected using a proton decoupled cross-polarization
magic angle spinning experiment (CPMAS). The
cross-polarization contact time was set to 3.0 ms. A
proton decoupling field of approximately 70 kHz was
applied. The number of scans was adjusted to obtain
adequate S/N. The recycle delay was adjusted
approximately to 1.5 times the proton longitudinal
relaxation time calculated based on proton detected
proton inversion recovery relaxation experiment. The
nitrogen spectrum was referenced using an external
standard of crystalline D,L-alanine, setting its
resonance to -331 .5 ppm. Crystalline forms can also
be characterized using Raman spectroscopy. For
example, Form XXV of Compound 1 was characterized
using Raman spectroscopy as follows. The Raman spectra
were collected using a ThermoNicolet 960 FT-Raman
spectrometer equipped with a 1064 nm NdYAG laser and
InGaAs detector. Samples were analyzed in NMR tubes.
The spectra were collected using 1W of laser power and
100 co-added scans. The collection range was 3700-1
00cm 1. Peaks were identified using the ThermoNicolet
Omnic 6.0a software peak picking -algorithm using a
sensitivity setting of 70 and an intensity threshold
of 0.4. All spectra were recorded using 4 cm 1
resolution and Happ-Genzel apodization. Wavelength
calibration was performed using polystyrene. The solid
forms of the present invention may also comprise more
than one polymorphic form. One of skill in the art
will also recognize that crystalline forms of a given
compound can exist in substantially pure forms of a
single polymorph, but can also exist in a crystalline
form that comprises two or more different polymorphs
or amorphous forms. Where a solid form comprises two
or more polymorphs, the X-ray diffraction pattern will
have peaks characteristic of each of the individual
polymorphs of the present invention. For example, a
solid form that comprises two polymorphs will have a
powder X-ray diffraction pattern that is a convolution
of the two X-ray diffraction patterns that correspond
to the substantially pure polymorphic forms. For
example, a solid form of Compound 1. can contain a
first and second polymorphic form where the solid form
contains at least 10% by weight of the first
polymorph. In a further example, the solid form
contains at least 20% by weight of the first
polymorph. Even further examples contain at least 30%,
at least 40%, or at least 50% by weight of the fist
polymorph. One of skill in the art will recognize that
many such combinations of several individual
polymorphs and amorphous forms in varying amounts are
possible.A. Polymorph Form XXV Crystalline Form XXV of
Compound 1 is an anhydrous crystalline form that can
be produced as described in Example 1. Form XXV has
several unexpected advantages over previously
discovered crystalline forms of Compound 1. For
example, although Form XLI described herein is the
most thermodynamicaljy stable crystalline form of
Compound 1 under processing and storage conditions,
Form XXV is more thermodynamically stable than
previously discovered crystalline forms of Compound 1
(based on density, heat of fusion, and solubility). In
addition, when compared to Form IV (previously
identified as the most suitable polymorphic form of
Compound 1 for a pharmaceutical formulation - see U.S.
Application Publication No. 2006-0094763), Form XXV
has improved photo stability, has a more regular
crystalline shape, does not have a tendency to form
agglomerates, has better bulk flow properties, and
does not adhere to in-tank probes. Such improved
properties are important for better tablet processing
and manufacturing. Furthermore, during a recent
manufacturing procedure, it took 26 hours to filter
the Form IV batch, and only 4 hours to filter the Form
XXV batch, which was of comparable size using the same
filter/dryer equipment. Finally, the process for
preparing Form XXV can utilize ethanol, whereas the
process for preparing Form IV uses n-heptane. As will
be appreciated by those of skill in the art, the use
of ethanol instead of n-heptane can have several
significant advantages, including: ethanol does not
hold static charge similar to n-heptane (i.e. build-up
of static charge is a safety concern due to potential
for fire, therefore a special equipment configuration
to improve grounding is needed when processing with
heptane); processing with heptane can not be done in
glass-lined vessels because of static dissipation
issues; heptane has a flash point of -4 0C versus 13
0C for ethanol; heptane has an R50/53 risk phrase
(indicating very toxic to aquatic organisms, and may
cause long-term adverse effects in the aquatic
environment) while ethanol does not contain this risk.
Crystalline Form XXV of Compound 1 was characterized
by the PXRD pattern shown in Figure 1. The PXRD
pattern of Form XXV, expressed in terms of the degree
(2Q) and relative intensities with a relative
intensity of  2.0%, measured on a Bruker D5000
diffractometer with CuKa radiation, is also shown in
Table 1. Table 1SULFONYL AMIDE DERIVATIVES FOR THE
TREATMENT OF ABNORMAL CELL GROWTH Background of the
Invention This invention relates to novel sulfonyl
amide derivatives that are useful in the treatment of
abnormal cell growth, such as cancer, in mammals. This
invention also relates to a method of using such
compounds in the treatment of abnormal cell growth in
mammals, especially humans, and to pharmaceutical
compositions containing such compounds. It is known
that a cell may become cancerous by virtue of the
transformation of a portion of its DNA into an
oncogene (i.e., a gene which, on activation, leads to
the formation of malignant tumor cells). Many
oncogenes encode proteins that are aberrant tyrosine
kinases capable of causing cell transformation.
Alternatively, the overexpression of a normal
proto-oncogenic tyrosine kinase may also result in
proliferative disorders, sometimes resulting in a
malignant phenotype. Receptor tyrosine kinases are
enzymes which span the cell membrane and possess an
extracellular binding domain for growth factors such
as epidermal growth factor, a transmembrane domain,
and an intracellular portion which functions as a
kinase to phosphorylate specific tyrosine residues in
proteins and hence to influence cell proliferation.
Other receptor tyrosine kinases include c-erbB-2,
c-met, tie-2, PDGFr, FGFr, and VEGFR. It is known that
such kinases are frequently aberrantly expressed in
common human cancers such as breast cancer,
gastrointestinal cancer such as colon, rectal or
stomach cancer, leukemia, and ovarian, bronchial or
pancreatic cancer. It has also been shown that
epidermal growth factor receptor (EGFR), which
possesses 



tyrosine kinase activity, is mutated and/or
overexpressed in many human cancers such as brain,
lung, squamous cell, bladder, gastric, breast, head
and neck, oesophageal, gynecological and thyroid
tumors. Accordingly, it has been recognized that
inhibitors of receptor tyrosine kinases are useful as
selective inhibitors of the growth of mammalian cancer
cells. For example, erbstatin, a tyrosine kinase
inhibitor, selectively attenuates the growth in
athymic nude mice of a transplanted human mammary
carcinoma that expresses epidermal growth factor
receptor tyrosine kinase (EGFR) but is without effect
on the growth of another carcinoma that does not
express the EGF receptor. Thus, selective inhibitors
of certain receptor tyrosine kinases, are useful in
the treatment of abnormal cell growth, inparticular
cancer, in mammals. In addition to receptor tyrosine
kinases, selective inhibitors of certain non-receptor
tyrosine kinases, such as FAK (focal adhesion kinase),
lck, src, abl or serine/threonine kinases (e.g.,
cyclin dependent kinases), are useful in the treatment
of abnormal cell growth, in particular cancer, in
mammals. FAK is also known as the Protein-Tyrosine
Kinase 2, PTK2. Convincing evidence suggests that FAK,
a cytoplasmic, non-receptor tyrosine kinase, plays an
essential role in cell-matrix signal transduction
pathways (Clark and Brugge 1995, Science 268: 233-239)
and its aberrant activation is associated with an
increase in the metastatic potential of tumors (Owens
et al. 1995, Cancer Research 55: 2752-2755). FAK was
originally identified as a 125 kDa protein highly
tyrosinephosphorylated in cells transformed by v-Src.
FAK was subsequently found to be a tyrosine kinase
that localizes to focal adhesions, which are contact
points between cultured cells and their underlying
substratum and sites of intense tyrosine
phosphorylation. FAK is phosphorylated and, thus,
activated in response to extracellular matrix
(ECM)-binding to integrins. Recently, studies have
demonstrated that an increase in FAK mRNA levels
accompanied invasive transformation of tumors and
attenuation of the expression of FAK (through the use
of antisense oligonucleotides) induces apoptosis in
tumor cells (Xu et al. 1996, Cell Growth and Diff. 7:
413-41 8). In addition to being expressed in most
tissue types, FAK is found at elevated levels in most
human cancers, particularly in highly invasive
metastases. Various compounds, such as styrene
derivatives, have also been shown to possess tyrosine
kinase inhibitory properties. Five European patent
publications, namely EP 0 566 226 A 1 (published
October 20, 1993), EP 0 602 851 A 1 (published June
22, 1994), EP 0 635 507 A 1 (published January 25,
1995), EP 0 635 498 A 1 (published January 25, 1995),
and EP 0 520 722 A 1 (published December 30, 1992),
refer to certain bicyclic derivatives, in particular
quinazoline derivatives, as possessing anti-cancer
properties that result from their tyrosine kinase
inhibitory properties. Also, World Patent Application
WO 92/20642 (published November 26, 1992), refers to
certain bis-mono and bicyclic aryl and heteroaryl
compounds as tyrosine kinase inhibitors that are
useful in inhibiting abnormal cell proliferation.
World Patent Applications WO96/16960 (published June
6, 1996), WO 96/09294 (published March 6, 1996), WO
97/30034 (published August 2 1, 1997), WO 98/02434
(published January 22, 1998), WO 98/02437 (published
January 22, 1998), and WO 98/02438 (published January
22, 1998), also refer to substituted bicyclic
heteroaromatic derivatives astyrosine kinase
inhibitors that are useful for the same purpose. In
addition, the following list of publications relate to
bis-mono and bicyclic aryl and heteroaryl compounds
that may optionally be used as tyrosine kinase
inhibitors: WO 03/030909, WO 03/032997, US Patent
Application Publication No. 2003/0181474, US Patent
Application Publication No. 2003/0162802, US Patent
No. 5,863,924, WO 03/078404, US Patent No. 4,507146,
WO 99/41 253, WO 01/72744, WO 02/48133, US Patent
Application Publication No. 2002/156087, WO 02/102783,
and WO 03/063794. U.S. Patent Application Publication
No. 20040220177 relates to a broad class of novel
pyrimidine derivatives that are kinase inhibitors, and
more specifically, inhibitors of FAK. Moreover, U.S.
Patent No. 7,107,335 relates more specifically to a
subset of pyrimidine derivatives, i.e., those bearing
a 5-aminooxindole, which are tyrosine kinase
inhibitors, and more particularly, FAK inhibitors.
Compounds such as these are useful in the treatment of
abnormal cell growth. Accordingly, a need exists for
additional selective inhibitors of certain receptor
and non-receptor tyrosine kinases, useful in the
treatment of abnormal cell growth, such as cancer, in
mammals. The present invention provides novel sulfonyl
amide derivatives that are kinase inhibitors and
inhibitors of the non-receptor tyrosine kinase, FAK,
Aurora (e.g., Aurora-1 and Aurora-2), Pyk, HgK, and
are useful in the treatment of abnormal cell growth.
Summary of the Invention The present invention
provides a compound of formula I : I or a
pharmaceutically acceptable salt thereof; wherein- AA
is a ring moiety selected from the group consisting of
a: (a) 4- to 7-membered carbocyclyl, (b) 4- to
7-membered heterocyclyl, (c) phenyl, and (d) 5- to
6-membered heteroaryl ring, wherein each of said 4- to
7-membered carbocyclyl and 4- to 7-membered
heterocyclyl of said A group may optionally contain
one or two olefinic bonds; and wherein one or two
carbon ring atoms in each of said 4- to 7-membered
carbocyclyl and 4- to 7-membered heterocyclic of said
A group may independently optionally be replaced with
one or two moieties independently selected from the
group consisting of -C(O)-, -C(S)- and -C(=NR4)-; B is
phenyl or a 5- to 6-membered heteroaryl; K is CH,
C(NH2) or N; each R1 is independently selected from
the group consisting of -H, halo, -CF , -CN, -NO2,
-NR7R8, -NR7C(NR7R8K=CR9), -CR7(NR7R8)(=NR7),
-NR7C(NR7R8K=NR7) , -NR7C(O)R9, -C(O)NR 7R8, -C(O)R9,
-C(O)C(O)R 9, -C(O)OR 10 , -OC(O)R 9, -OR10 , -OC(O)OR
10, -S(O)1R1 1, -S(O)(=NR 7)R8, -(Ci-C 6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-Ci
0)cycloalkyl, -(C5-Ci 0)cycloalkenyl, -(C6-Ci
0)bicycloalkyl, -(C6-C10 )bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl, -(C6-
C9)heterobicycloalkenyl, -(C3-C10 )aryl, and -(Ci-C
9)heteroaryl; and wherein each of the foregoing -(CrC
6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-Ci
0)cycloalkyl, -(C5- C10)cycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-Ci 0)aryl and -(CrCg)heteroaryl moieties of said
R1 is optionally independently substituted by one to
three R12 groups; R2 and R3 are each independently
selected from the group consisting of -H, - halo, -OR
10 , -(Ci-C 6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-C10 )cycloalkyl, -(C5- Ci 0)cycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4-Cg)heterocycloalkenyl,
-(C6-Ci 0)aryl and -(CrCg)heteroaryl; and wherein each
of the foregoing -(Ci-C 6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C3-Ci 0)cycloalkyl, -(C5-Ci
0)cycloalkenyl, -(C2-C9)heterocycloalkyl, (C4-
C9)heterocycloalkenyl, -(C -Cio)aryl and
-(d-Cg)heteroaryl moieties of said R2 and R3 is
optionally substituted by one to three R12 groups; R4
and R5 are each independently selected from the group
consisting of -H, - NR7R8, -(C r C6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-C10
)cycloalkyl, -(C5- Cio)cycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-Ci 0)aryl and-(Ci-Cg)heteroaryl; and wherein each
of the foregoing -(Ci-C 6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C3-Cio)cycloalkyl,
-(C5-C10)cycloalkenyl, -(C2-C9)heterocycloalkyl, -(C4-
Cgjheterocycloalkenyl, -(C6-Ci O)aryl and
-(CrC^heteroaryl moieties of said R4 and R5 is
optionally substituted by one to three R12 groups; R6
is selected from the group consisting of -halo,
-NR7R8, -OR10 , -C(O)R9, -CO2R10 , -CONR7R8, -S(O) R1
1, -NR7CONR7R8, and -NR8SO2R1 1, -NO2, -CN, -CF3, -(C
1- C6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C2-C3)perfluorinated alkyl, -(C2- C6)perfluorinated
alkenyl, -(C3-C6)perfluorinated alkynyl,
-(C3-C7)cycloalkyl, -(C5- C10)cycloalkenyl,
-(C5-C10)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl,
-(Ci-C 9)heterocyclyl, - (CrCio)heterocycloalkenyl,
-(C6-Cg)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, -(C6-Cio)aryl,
-(Ci-Cg)heteroaryl, -(C6-Ci 0)perfluorinated aryl, and
-(Ci-C 9)perfluorinated heteroaryl; and wherein each
of said -(Ci-C 6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C3- C7)cycloalkyl,
-(C5-C1o)cycloalkenyl, -(C6-C10)bicycloalkyl,
-(C6-C10)bicycloalkenyl, -(CrCg)heterocyclyl, -(CrC
10)heterocycloalkenyl, -(C6-C9)heterobicycloalkyl,
-(C6-Cg)heterobicycloalkenyl, -(C6-Cio)aryl, and
-(Ci-Cg)heteroaryl moieties of said R6 is optionally
substituted by one to three R12 groups; R7 and R8 are
each independently selected from the group consisting
of -H, -OR 10 , -S(O)jR1 1 , -NO2, -(CrC 6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-
Cio)cycloalkyl, -(C5-Cio)cycloalkenyl, -(C6-Ci
0)bicycloalkyl, -(C6-C10)bicycloalkenyl, -(C2-
C9)heterocycloalkyl, -(C4-Cg)heterocycloalkenyl,
-(C6-Cg)heterobicycloalkyl, -(Ce-
C9)heterobicycloalkenyl -(C6-Ci O)aryl, and -(Ci-C
9)heteroaryl; and wherein each of the foregoing -(C
1-C6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-C10)cycloalkyl, -(C5- C10)cycloalkenyl,
-(C2-C9)heterocycloalkyl, (C4-C9)heterocycloalkenyl,
-(C6-Ci 0)aryl and -(CrCg)heteroaryl moieties of said
R7 and R8 is optionally substituted by one to three
R12 groups; each R9 is independently selected from the
group consisting of -H, -halo, -NR 13R14 , -(Ci-C
6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-C10)cycloalkyl, -(C5- C10)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl,
-(C2-Cg)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl - (C6-Cio)aryl, and
-(Ci-Cg)heteroaryl; and wherein each of the foregoing
-(CrC 6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-Ci 0)cycloalkyl, -(C5-Ci 0)cycloalkenyl, -(C2-
C9)heterocycloalkyl, (C4-Cg)heterocycloalkenyl,
-(C6-Ci O)aryl and -(CrCg)heteroaryl moieties of said
R9 is optionally substituted by one to three R12
groups;each R10 is independently selected from the
group consisting of -H, -(CrC 6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-Ci
0)cycloalkyl, -(C5-Ci 0)cycloalkenyl, -(C6-
C10)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4- 



C9)heterocycloalkenyl, -(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl -(C6- Cio)aryl, and
-(Ci-C 9)heteroaryl; and wherein each of the foregoing
-(Cr C6)alkyl, -(C2- C6)alkenyl, -(C2-C6)alkynyl,
-(C3-C10)cycloalkyl, -(C5-C10)cycloalkenyl, -(C2-
C9)heterocycloalkyl, (C4-C9)heterocycloalkenyl,
-(C6-C10 )aryl and -(C r C9)heteroaryl moieties of
said R10 is optionally substituted by one to three R12
groups; each R1 1 is independently selected from the
group consisting of -H, -NR13R14 , -C(O)R13, -CF3,
-(d-CsJalkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-Ci 0)cycloalkyl, -(C5- Cio)cycloalkenyl,
-(C6-Cio)bicycloalkyl, -(C6-Cio)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-Cg)heterobicycloalkenyl - (C6-Cio)aryl, and
-(Ci-Cg)heteroaryl; land wherein each of the foregoing
-(CrC 6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-C, 0)cycloalkyl, -(C5-Ci 0)cycloalkenyl, -(C2-
C9)heterocycloalkyl, (C4-C9)heterocycloalkenyl,
-(C6-Cio)aryl and -(CrCg)heteroaryl moieties of said
R11 is optionally substituted by one to three R12
groups; each R12 is independently selected from the
group consisting of -H, -OR13, -C(O)R13 , -C(O)OR 13,
-OC(O)R 13, -OC(O)OR 13 , -C(O)NR 13R14 , -NR13C(O)NR
13R14 , -NR13R14 , -NR13C(NR13R14K=NR13) ,
-NR13C(NR13R14K=N-C(O)R 13), -NR13C(O)R14 ,
-NR13S(O)1R13 , -S(O)1R13, -CF3, -CN, -(Cr C6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-
C10)cycloalkyl, -(C5-Cio)cycloalkenyl, -(C6-Ci
0)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl, -(C2-
Cg)heterocycloalkyl, -(C4-Cg)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl, -(C -
C9)heterobicycloalkenyl, -(C5-C10)aryl, and -(Ci-C
9)heteroaryl; wherein each of the foregoing -(d-C
6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-C10)cycloalkyl, -(C5- C10)cycloalkenyl, -(C6-C10
)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4-Cg)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, - (C6-Cio)aryl, and
-(Ci-Cg)heteroaryl of said R12 is optionally
independently substituted by one to three groups
selected from the group consisting of -halo, -CF ,
-CN, -NO2, -OH, - O((CrC 6)alkyl), -C(O)R 15,
-C(O)NR15R16 , -S(O)1R15, and -S(O)jNR15R16 , -(C3-
Cio)cycloalkyl, -(C2-C9)heterocycloalkyl, -SH, -S((C r
C6)alkyl), -NH2, -NH((C r C6)alkyl) and -N((Cr
C6)alkyl)2; R13 and R14 are each independently
selected from the group consisting of -H, -NR15C(O)R16
, -CF3, -CN, -S(O) R15 , -(Cr C6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3- Ci
0)cycloalkyl, -(C5-Ci 0)cycloalkenyl, -(C6-Ci
0)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl,
-(C2-Cg)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl, -(Ce-
C9)heterobicycloalkenyl, -(C6-C10)aryl, and -(Cr
Cg)heteroaryl; and wherein each of the foregoing
-(Ci-C 6)alkyl, -(C2-C6)alkepyl, -(C2-C6)alkynyl,
-(C3-Ci 0)cycloalkyl, -(C5- Cio)cycloalkenyl, -(C6-Ci
0)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, - (C6-Cio)aryl, and
-(Ci-C 9)he(eroaryl of said R13 and R14 is optionally
independently substituted by one to three groups
selected from the group consisting of -halo, -CF3,
-CN, -NO2, -OH, -O((CrC b)alkyl), -C(O)((Ci-C
6)alkyl), -(C3-C10)cycloalkyl, -(C2-
Cg)heterocycloalkyl, -SH, -S((Ci-C b)alkyl). -NH2,
-NH((C r C6)alkyl) and -N((C 1-C6)alkyl)2; R15 and R16
are each independently selected from the group
consisting of -H, - (Ci-C 6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C3-C10)cycloalkyl, -(C5-Ci
0)cycloalkenyl, -(C6-C10)bicycloalkyl, -(C6-Ci
0)bicycloalkenyl, -(C2-C9)heterocycloalkyl, -(C4-
C9)heterocycloalkenyl, -(C6-C9)heterobicycloalkyl,
-(C6-C8)heterobicycloalkenyl, -(Cb- Cio)aryl, and
-(Ci-C 9)heteroaryl; and wherein each of the foregoing
-(Ci-Ce)alkyl, -(C2- C6)alkenyl, -(C2-C6)alkynyl,
-(C3-Ci 0)cycloalkyl, -(C5-Ci 0)cycloalkenyl, -(C6-
Cio)bicycloalkyl, -(C6-C1o)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C - C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, -(Ce- Cio)aryl, and
-(CrCg)heteroaryl of said R15and R16 is optionally
independently substituted by one to three groups
selected from the group consisting of -halo, -CF3,
-CN, -NO2, -OH -O((Ci-C b)alkyl), -C(O)((C r
C6)alkyl), -(C3-Ci 0)cycloalkyl, -(C2-
Cg)heterocycloalkyl, -SH, -S((C1-C6)alkyl), -NH2,
-NH((C r C6)alkyl) and -N((C r C6)alkyl)2; wherein one
or two carbon ring atoms in each of the aforementioned
-(C r C6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-Cio)cycloalkyl, -(C5-Ci 0)cycloalkenyl, -(C6-
Cio)bicycloalkyl, -(C6-Cio)bicycloalkenyl,
-(C2-Cg)heterocycloalkyl, -(C4- Cg)heterocycloalkenyl,
-(Cd-C9)heterobicycloalkyl and
-(C6-Cg)heterobicycloalkenyl in said R'-R 14 groups
may optionally and independently be replaced with
-C(O)- or -C(S)-; wherein two groups attached to the
same tetravalent carbon atom in each of the
aforementioned -(C,-C 6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C3-C10)cycloalkyl, -(C5-
Cio)cycloalkenyl, -(C6-Cio)bicycloalkyl,
-(C6-C10)bicycloalkenyl, -(C2-C8)heterocycloalkyl,
-(C4-C9)heterocycloalkenyl, -(C6-C9)heterobicycloalkyl
and -(C6-Cg)heterobicycloalkeny of said R1 to R14
groups may optionally join to form a ring system
selected from the group consisting of a
-(C3-Cio)cycloalkyl, -(C5-Cio)cycloalkenyl,
-(C2-C9)heterocycloalkyl, and
-(C4-Cg)heterocycloalkenyl; and wherein j is an
integer from 0 to 2;n is an integer from 1 to 3; and m
is an integer from 0 to 3. In one embodiment, the
invention relates to a compound of formula I wherein A
is a 4- to 7-membered carbocyclyl; and wherein said
carbocyclyl may additionally contain one or two
olefinic bonds. In another embodiment, the invention
relates to a compound of formula I wherein A is a 4-
to 7-membered carbocyclyl selected from the group
consisting of cyclopropyl, cyclobutyl, cyclobutenyl,
cyclopentyl, cyclopentenyl, cyclopentendienyl,
cyclohexyl, cyclohexenyl, cyclohexadienyl,
cycloheptyl, cycloheptenyl, and cycloheptadienyl. In
another embodiment, the invention relates to a
compound of formula I wherein A is a 4- to 7-membered
heterocyclyl, and wherein said 4- to 7-membered
heterocyclyl may additionally contain one or two
olefinic bonds. In another embodiment, the invention
relates to a compound of formula I wherein A is a 4-
to 7-membered heterocyclyl selected from the group
consisting of azetidinyl, oxetanyl, pyrrolidynyl,
dihydropyrazolyl, tetrahydropyrazolyl, dihydrofuranyl,
tetradydrofuranyl, dihydrothiophenyl,
tetrahydrothiopenyl, dihydropyridinyl,
tetrahydropyridinyl, piperidinyl, piperazinyl,
pyranyl, dihydropyranyl, tetrahydropyranyl,
thiopyrianyl, dihydrothiopyranyl,
tetrahydrothiopyranyl, morpholinyl, dihydroazepinyl,
tetrahydroazepinyl, dihyrooxepinyl,
tetrahydrooxepinyl, oxepanyl, dihyrothiepinyl,
tetrahydrothiepinyl and thiepanyl. In another
embodiment, the invention relates to a compound of
formula I wherein A is a phenyl. In another
embodiment, the invention relates to a compound of
formula I wherein A is a 5- to 6-membered heteroaryl.
In another embodiment, the invention relates to a
compound of formula I wherein A is a 5- to 6-membered
heteroaryl selected from the group consisting of
furanyl, pyrrolyl, thiopenyl, thiazolyl, isothiazolyl,
pyrazolyl, oxazoyl, isoxazolyl, pyridyl, pyrimidyl,
pyrazinyl, pyridazinyl, oxadiazoyl, thiadiazoyl, and
benzothiazole, benzooxazole. In one embodiment, the
invention relates to a compound of formula I wherein
each R1 is independently selected from the group
consisting of -H, halo, -CF3, -CN, -NO2, -NR7R8,
-NR7C(NR7R8X=CR9), -CR7(NR7R8)(=NR7) ,
-NR7C(NR7R8X=NR7), -NR7C(O)R9, -C(O)NR7R8, -C(O)R9,
-C(O)C(O)R9, -C(O)OR 10 , -OC(O)R9, -OR10 ,
-OC(O)OR10, -S(O)jR11 , and -S(O)(=NR7)R8.In another
embodiment, the invention relates to a compound of
formula I wherein R1 is -S(O)jR1 1 In another
embodiment, the invention relates to a compound of
formula I wherein R1 is -S(O) R1 1 , and R1 1 is
selected from the group consisting of -H -NR13R14 and
-(C 1- C6)alkyl, and wherein said -(CrC 6)alkyl of
said R1 1 is optionally independently substituted by
one to three R12 groups In another embodiment, the
invention relates to a compound of formula I wherein
R1 is -C(O)OR 10 In another embodiment, the invention
relates to a compound of formula I wherein R1 is
-C(O)OR 10 and R10 is -(Ci-C 6)alkyl optionally
substituted by one to three R12 groups In another
embodiment, the invention relates to a compound of
formula I wherein R1 is -C(O)R9 In another embodiment,
the invention relates to a compound of formula I
wherein R1 is -C(O)R9 and R9 is selected from the
group consisting Of-NR 13R14 , -(Ci-C 6)alkyl and
-(C3-C10)cycloalkyl, wherein each of said -(CrC
6)alkyl, and -(C 3-Ci 0)cycloalkyl of said R9 group is
optionally substituted by one to three R12 groups and
wherein two groups attached to the same tetravalent
carbon atom of said -(Ci-C 6)alkyl and -(C -
Cio)cycloalkyl of said R9 may optionally join to form
a ring system selected from the group consisting of a
-(C 3-C10)cycloalkyl, -(C5-do)cycloalkenyl
-(C2-C9)heterocycloalkyl, and
-(C4-Cs)heterocycloalkenyl In another embodiment, the
invention relates to a compound of formula I wherein
R1 is -C(O)R9, and R9 is -(C 1-C6)alkyl optionally
substituted by a group selected from the group
consisting Of -NR13R14 , -NR15C(O)R16 and -CF3 In
another embodiment the invention relates to a compound
of formula I wherein R1 is -C(O)R9, and R9 is -NR13R14
In another embodiment the invention relates to a
compound of formula I wherein R1 is -C(O)R9 R9 is
-NR13R14 and R13 and R14 are each independently
selected from the group consisting of - H and -(CrC
6)alkyl and wherein said -(CrC 6)alkyl of said R13 and
R14 groups is optionally independently substituted
with one to three groups selected from the group
consisting of -halo -CF3 -CN, -NO2, -OH,
-CK<CrC6)alkyl), -C(O)((Ci- C6)alkyl), -(C3-Ci
0)cycloalkyl, -(C2-C9)heterocycloalkyl, -SH, -S((C
1-C6)alkyl), -NH2, -NH((C1-C6)alkyl) and -N((C
1-C6)alkyl)2In another embodiment, the invention
relates to a compound of formula I wherein R1 is
-C(O)R 9, R9 is -NR13R14, and R13 and R14 are each
independently selected from the group consisting - H
and -(C r C6)alkyl; wherein said -(CrC 6)alkyl of said
R13 and R14 are each optionally independently
substituted with one to three groups selected from the
group consisting of -(C3-Cio)cycloalkyl,
-(C2-C9)heterocycloalkyl, -(C6-Cio)aryl, and -(Cr
Cg)heteroaryl; and wherein each of said -(C3-Ci
a)cycloalkyl, -(C -Cgjheterocycloalkyl, - 



(C6-Ci O)aryl, and -(Ci-C 9)heteroaryl optional
substituents of said -(Ci-C 6)alkyl of said R13 and
R14 is optionally independently substituted by one to
three groups selected from the group consisting of
-halo, -CF3, -CN, -NO2, -OH, -O((C r C6)alkyl),
-C(O)((C,-C 6)alkyl), -(C3-C10)cycloalkyl,
-(C2-C9)heterocycloalkyl, -SH, -S((C r C6)alkyl),
-NH2, -NH((Cr C6)alkyl) and -N((C r C6)alkyl)2. In
another embodiment, the invention relates to a
compound of formula I wherein R1 is -C(O)R 9, R9 is
-NR 13R14 , and R13 and R14 are each independently
selected from the group consisting of -(C3-Ci
0)cycloalkyl and -(C2-Cg)heterocycloalkyl,
-(C6-Cio)aryl, and -(CrCg)heteroaryl; and wherein each
of said -(C3-C10)cycloalkyl, -(C2-
Cs)heterocycloalkyl, -(C6-Ci 0)aryl, and
-(CrCg)heteroaryl of said R13 and R14 is optionally
independently substituted by one to three groups
independently selected from the group consisting of
-halo, -CF3, -CN, -NO2, -OH, -O((C r C5)alkyl),
-C(O)((C r C6)alkyl), -(C3-C10)cycloalkyl,
-(C2-C9)heterocycloalkyl, -SH 1-S((C r C6)alkyl),
-NH2, -NH((C r C6)alkyl) and -N((CrC )alkyl)2. In
another embodiment, the invention relates to a
compound of formula I wherein R1 is -C(O)R9, and R9 is
selected from the group consisting of
-(C3-C10)cycloalkyl, -(C5- Cio)cycloalkenyl t
-(C6-Cio)bicycloalkenyl, -(C2-C9)heterocycloalkyl,
-(C4-C9)heterocycloalkenyl, -(C -Cgjheterobicycloalkyl
and -(C -Cgjheterobicycloalkenyl; and wherein each of
the foregoing -(CrC 6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C3- Cio)cycloalkyl,
-(C5-Cio)cycloalkenyl, -(C2-C9)heterocycloalkyl and
(C4- Cg)heterocycloalkenyl moieties of said R9 is
optionally independently substituted by one to three
R12 groups. In another embodiment, the invention
relates to a compound of formula I wherein R1 is
-C(O)R 9, and R9 is selected from the group consisting
of -(C6-Cio)aryl, and -(Cr C9)heteroaryl; and wherein
each of the foregoing -(C6-CiO)aryl and
-(CrCg)heteroaryl moieties of said R9 is optionally
independently substituted by one to three R12 groups.
In another embodiment, the invention relates to a
compound of formula I wherein R1 is -NR7R8.In another
embodiment, the invention relates to a compound of
formula I wherein R1 is -NR7R8, and R7 and R8 are each
independently selected from the group consisting of-H,
-CF3 and -S(O)jR11. In another embodiment, the
invention relates to a compound of formula I wherein
R1 is -NR7R8, and R7 and R8 are each independently
selected from the group consisting of -(Ci-C 6)alkyl,
-(C2-C6)alkenyl and -(C2-C6)alkynyl; and wherein each
of the foregoing -(Ci-C 6)alkyl, -(C2-C6)alkenyl and
-(C2-Ce)alkynyl moieties of said R7 and R8 is
optionally independently substituted by one to three
R12 groups. In another embodiment, the invention
relates to a compound of formula I wherein R1 is
-NR7C(O)R 9. In another embodiment, the invention
relates to a compound of formula I wherein R1 is
-NR7C(O)R9 and R7 is selected from the group
consisting of-H and -(Cr C6)alkyl; and wherein said
-(Ci-Ce)alkyl of said R7 is optionally independently
substituted by one to three R12 groups. In another
embodiment, the invention relates to a compound of
formula I wherein R1 is -NR7C(O)R9 and R7 is selected
from the group consisting of-H and -(Ci-C 6)alkyl; and
wherein said -(CrC Jalkyl of said R7 is optionally
independently substituted by one to three R12 groups.
In another embodiment, the invention relates to a
compound of formula I wherein R1 is -NR7C(O)R9, and R9
is selected from the group consisting of - H and -S(O)
R11 . In another embodiment, the invention relates to
a compound of formula I wherein R1 is -NR7C(O)R9, and
R9 is selected from the group consisting of-H, -(Cr
C6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl; and
wherein said -(C r C6)alkyl, -(C2-C6)alkenyl and -(CrC
Jalkynyl of said R9 is optionally independently
substituted by one to three R12 groups. In another
embodiment, the invention relates to a compound of
formula I wherein R1 is -NR7C(O)R9 and R9is -(C r
C6)alkyl; wherein said -(C r C6)alkyl of said R9 is
optionally independently substituted by one to three
R12 groups; and wherein two groups attached to the
same tetravalent carbon atom of said -(Cr C3)alkyl of
said R9 may optionally join to form a ring system
selected from the group consisting of a -(C3-
Cio)cycloalkyl, -(C5-Cio)cycloalkenyl, -(C
-Cgjheterocycloalkyl, and -(C4-
Cci)heterocycloalkenyl. In another embodiment, the
invention relates to a compound of formula I wherein
R1 is -NR7C(O)R9 and R9 is -(C r C6)alkyl; and wherein
said -(C r C6)alkyl of said R9 issubstituted by one to
three R12 groups independently selected from the group
consisting of -OR13, -C(O)R 13, -C(O)OR 13, -OC(O)R
13, -OC(O)OR 13, -C(O)NR 13R14 , -NR13C(O)NR 13R14 ,
-NR13R14, -NR13C(NR13R14X=NR13) , -NR13C(NR
3R14K=N-C(O)R 13) , -NR13C(O)R14 , -NR13S(O) R13 ,
-S(O)jR13, -CF3, and -CN. In another embodiment, the
invention relates to a compound of formula I wherein
R1 is -NR7C(O)R9 and R9 is wherein said -(d-C 6)alkyl
of said R9 is substituted by one to three R12 groups
independently selected from the group consisting of
-(Ci-C 6)alkyl, -(C2-C6)alkenyl and -(C2-C6)alkynyl.
In another embodiment, the invention relates to a
compound of formula I wherein R1 is -NR7C(O)R9 and R9
is -(Cr C6)alkyl; wherein said -(Ci-C 6)alkyl of said
R9 is substituted by one to three R12 groups
independently selected from the group consisting of
-(C3-Cio)cycloalkyl, -(C5-Cio)cycloalkenyl,
-(C6-Cio)bicycloalkyl, -(C6- Ci 0)bicycloalkenyl, -(C
-C^heterocycloalkyl, -(C4-C9)heterocycloalkenyl, -(C -
C9)heterobicycloalkyl and
-(C6-Cg)heterobicycloalkenyl; and wherein each of the
foregoing -(C3-Cio)cycloalkyl, -(C6-Cio)cycloalkenyl,
-(C6-Cio)bicycloalkyl, -(C6- Cio)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(Cb- Cg)heterobicycloalkyl and of said R12 is
optionally independently substituted by one to three
groups independently selected from the group
consisting of -halo, -CF3, -CN, -NO2, -OH, -O((Ci-C
6)alkyl), -C(O)((C 1-C6)alkyl), -(C3- Cio)cycloalkyl,
-(C2-C9)heterocycloalkyl, -SH, -S((C r C6)alkyl),
-NH2, -NH((Ci-C 6)alkyl) and -N((Ci-C b)alkyl)2. In
another embodiment, the invention relates to a
compound of formula I wherein R1 is -NR7C(O)R9 and R9
is -(C r C6)alkyl; wherein said -(Ci-C 6)alkyl of said
R9 is substituted by one to three R12 groups
independently selected from the group consisting of
-(C6-Cio)aryl, and -(Ci-Cg)heteroaryl; and wherein
each of the foregoing -(C6-Ci 0)aryl and
-(CrC9)heteroaryl of said R12 is optionally
independently substituted by one to three groups
selected from the group consisting of -halo, -CF3,
-CN, -NO2, -OH, -O((Cr C6)alkyl), -C(O)((Ci-C
b)alkyl), -(C3-C10)cycloalkyl,
-(C2-C9)heterocycloalkyl, -SH, -S((C r C6)alkyl),
-NH2, -NH((Ci-C 6)alkyl) and -N((C1-C6)alkyl) 2. In
another embodiment, the invention relates to a
compound of formula I wherein each R1 is independently
selected from the group consisting of -(Ci-C jalkyl,
-(C2- C6)alkenyl, and -(C2-C6)alkynyl; and wherein
each of the foregoing -(Ci-C 6)alkyl, -(C2- C6)alkenyl
and -(C2-Ce)alkynyl moieties of said R1 is optionally
independently substituted by one to three R12
groups.In another embodiment, the invention relates to
a compound of formula I wherein R1 is -(Ci-C 6)alkyl
optionally independently substituted by one to three
R12 groups. In another embodiment, the invention
relates to a compound of formula I wherein each R1 is
-(Ci-C 6)alkyl is independently substituted with a
group selected from the group consisting of R13,
-S(O)JR13, and -NR 13S(O) R13. In another embodiment,
the invention relates to a compound of formula I
wherein each R1 is independently selected from the
group consisting of -(C3-Cio)cycloalkyl, -(Cs-
Cio)cycloalkenyl, -(C6-C10)bicycloalkyl,
-(C6-Cio)bicycloalkenyl, -(C2-C9)heterocycloalkyl,
-(C4-C9)heterocycloalkenyl, -(C6-C9)heterobicycloa!kyl
and and wherein each of the foregoing -(C
3-Cio)cycloalkyl, -(Cs-Cio)cycloalkenyl, -(C -
Cg)heterocycloalkyl and -(Ct-Cgjheterocycloalkenyl
moieties of said R1 is optionally independently
substituted by one to three R12 groups. In another
embodiment, the invention relates to a compound of
formula I wherein R1 is selected from the group
consisting of -(C2-C9)heterocycloalkyl; and wherein
said -(C -Cgjheterocycloalkyl of said R1 is optionally
independently substituted by one to three R12 groups.
In another embodiment, the invention relates to a
compound of formula I wherein each R1 is independently
selected from the group consisting of -(C6-Ci 0)aryl
and -(d- Cg)heteroaryl; and wherein each of the
foregoing -(C6-Ci O)aryl and -(CrCg)heteroaryl of said
R1 moieties is optionally independently substituted by
one to three R12 groups. In another embodiment, the
invention relates to a compound of formula I wherein
R1 is -S(O) 2NR13R14 . In one embodiment, the
invention relates to a compound of formula I wherein
R2 and R3 are each independently selected from the
group consisting of -H, -halo, and - OR10 . In another
embodiment, the invention relates to a compound of
formula I wherein R2 and R3 are each independently
selected from the group consisting of -H, -(Cr
Ce)alkyl, -(C 2-C6)alkenyl, and -(C 2-C6)alkynyl; and
wherein each of the foregoing -(C r C jalkyl, -(C -C
Jalkenyl, and -(C 2-C6)alkynyl moieties of said R2 and
R3 is optionally independently substituted by one to
three R12 groups. In another embodiment, the invention
relates to a compound of formula I wherein R2 and R3
are each independently selected from the group
consisting of -H, -(C 3- Cio)cycloalkyl, -(C5-Ci
0)cycloalkenyl, -(C2-C9)heterocycloalkyl, and -(C -
Cg)heterocycloalkenyl; and wherein each of the
foregoing -(Cs-C 1O)CyClOa Ikyl, -(C
5-Cio)cycloalkenyl, -(C2 C9)heterocycloalkyl, and
-(C4-C9)heterocycloalkenyl moieties of said R2 and R3
is optionally independently substituted by one to
three R12 groups. In another embodiment, the invention
relates to a compound of formula I wherein R2 and R3
are each independently selected from the group
consisting of -H, -(C - Cio)aryl and
-(d-Cg)heteroaryl; and wherein each of the foregoing
-(C6-CiO)aryl and -(CrCg)heteroaryl moieties of said
R2 and R3 is optionally independently substituted by
one to three R12 groups. 



In one embodiment, the invention relates to a compound
of formula I wherein R4 and R5 are each independently
selected from the group consisting of - H -(CrC
6)alkyl, -(C2-C6)alkenyl, and -(C2-C6)alkynyl; and
wherein each of the foregoing -(CrC 6)alkyl,
-(C2-C6)alkenyl and -(C2-Ce)alkynyl moieties of said
R4 and R5 is optionally independently substituted by
one to three R12 groups. In another embodiment, the
invention relates to a compound of formula I wherein
R4 and R5 are each independently selected from the
group consisting of -H, -(Ci- C6)alkyl, -(C3-Ci
0)cycloalkyl, -(C5-Cio)cycloalkenyl,
-(C2-C9)heterocycloalkyl and -(C4-
Cg)heterocycloalkenyl; and wherein each of the
foregoing -(Ci-C jalkyl, -(C3- Cio)cycloalkyl, -(C5-Ci
0)cycloalkenyl, -(C2-Cg)heterocycloalkyl, and -(C4-
C9)heterocycloalkenyl moieties of said R4 and R5 is
optionally independently substituted by one to three
R12 groups. In another embodiment, the invention
relates to a compound of formula I wherein R4 and R5
are each independently selected from the group
consisting of -H, -(Ci- C jalkyl, -(Cs-Cio)aryl and
-(d-Cg)heteroaryl; and wherein each of the foregoing
-(Cr C jalkyl, -(Cs-Cio)aryl and -(Ci-C 9)heteroaryl
moieties of said R4 and R5 is optionally independently
substituted by one to three R12 groups. In one
embodiment, the invention relates to a compound of
formula I wherein the moiety represents a moiety
selected from the group consisting of:, N "SO2CH3 CH3'
N SO2CH3 CH3' N "SO2CH3 3 In one embodiment, the
invention relates to a compound of formula I wherein
R6 is selected from the group consisting Of-NR 7R8,
-OR10 , -C(O)R 9, -CO2R10, -CONR7R8, -S(O)jR11 ,
-NR7CONR7R8, -NR8SO2R11-NO2, -CN and -CF 3. In another
embodiment, the invention relates to a compound of
formula I wherein R6 is selected from the group
consisting of -CF3, -(Ci-C 6)alkyl, -(C2-C6)alkenyl,
-(C - C6)alkynyl, -(C2-C6)perfluorinated alkyl,
-(C2-C6)perfluorinated alkenyl, and -(C3-
C6)perfluorinated alkynyl; and wherein each of said
-(CrC 6)alkyl, -(C2-C6)alkenyl, -(C2- Ce)alkynyl
moieties of said R6 is optionally independently
substituted by one to three R12 groups. In another
embodiment, the invention relates to a compound of
formula I wherein R6 is -CF3. In another embodiment,
the invention relates to a compound of formula I
wherein R6 is selected from the group consisting of
-(C3-C7)cycloalkyl, -(C5-C10)cycloalkenyl,
-(C6-C,o)bicycloalky|, -(C5-C10)bicycloalkenyl, -(CrC
9)heterocyclyl, -(C 1- Cio)heterocycloalkenyl, and -(C
-Cgjheterobicycloalkenyl; and wherein each of said
-(C3-C7)cycloalkyl, -(C5-Ci 0)cycloalkenyl,
-(C6-Cio)bicycloalkyl,-(C6-Cio)bicycloalkenyl, -(Cr
Cs)heterocyclyl, -(CrC 10)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl, and
-(C6-C9)heterobicycloalkenyl moieties of said R6 is
optionally independently substituted by one to three
R12 groups. In another embodiment, the invention
relates to a compound of formula I wherein R6 is
selected from the group consisting of -(C6-Ci 0)aryl,
-(Ci-Cg)heteroaryl, -(C6-C10)perfluorinated aryl and
-(Ci-Cg)perfluorinated heteroaryl; and wherein each of
said -(C6-Cio)aryl and -(d-Cg)heteroaryl moieties of
said R6 is optionally independently substituted by one
to three R12 groups. In one embodiment, the invention
relates to a compound of formula I wherein K is CH. In
another embodiment, the invention relates to a
compound of formula I wherein K is C(NH2) . In another
embodiment, the invention relates to a compound of
formula I wherein K is N. In one embodiment, the
invention relates to a compound of formula I wherein m
is 1. In another embodiment, the invention relates to
a compound of formula I wherein m is 0. In one
embodiment, the invention relates to a compound of
formula I wherein n is 1. In another embodiment, the
invention relates to a compound of formula I wherein n
is 2. In another embodiment, the invention relates to
a compound of formula I wherein n is 3. In one
embodiment, the invention relates to a compound of
formula I wherein K is CH, n is 1, and Re is -CF 3. In
one embodiment, the invention relates to a compound of
formula I wherein K is CH, n is 2, and R6 is -CF 3.
The present invention also provides a compound of
formula Ia:Ia or a pharmaceutically acceptable salt
thereof; wherein A is phenyl; B is phenyl or a 5- to
6-membered heteroaryl; K is CH, C(NH2) or N; each R1
is independently selected from the group consisting of
-H, halo, -CF3, -CN -NO2, -NR7R8, -NR7C(NR7R8X=CR9) ,
-CR7(NR7R8)(=NR7) , -NR7C(NR7R8X=NR7) , -NR7C(O)R9,
-C(O)NR 7R8, -C(O)R9, -C(O)C(O)R 9, -C(O)OR 10 ,
-OC(O)R9, -OR10, -OC(O)OR 10, -S(O) R11, -S(O)(=NR
7)R8, -(Cr C6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-C10)cycloalkyl, -(C5-Cio)cycloalkenyl,
-(C6-Cio)bicycloalkyl, -(C -C^bicycloalkenyl, -(Ci-C
9)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl, -(C6-
Cg)heterobicycloalkenyl, -(C6-C10)aryl, and -(C
1-Cg)heteroaryl; and wherein each of the foregoing
-(Ci-C 6)alkyl, -(C2-C6)alkenyl, -(C2-C3)alkynyl,
-(C3-Ci 0)cycloalkyl, -(C5- Cio)cycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-Ci O)aryl and -(CrC Jheteroaryl moieties of said
R1 is optionally independently substituted by one to
three R12 groups; R2 and R3 are each independently
selected from the group consisting of -H, - halo, -OR
10 , -(CrC 6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-C10)cydoalkyl, -(C5- C^cycloalkenyl,
-(C2-Cg)heterocycloalkyl, -(C4-Cg)heterocycloalkenyl,
-(C6-Ci O)aryl and -(Ci-C9)heteroaryl; and wherein
each of the foregoing -(d-C Jalkyl, -(C2-C6)alkenyl,
-(C2-Ce)alkynyl, -(C3-Ci 0)cycloalkyl, -(C5-Ci
0)cycloalkenyl, -(C2-C8)heterocycloalkyl, (C4-
C9)heteracycloalkenyl, -(C6-Cio)aryl and
-(CrCgJheteroaryl moieties of said R2 and R3 is
optionally substituted by one to three R12 groups; R4
and R5 are each independently selected from the group
consisting of -H, - NR7R8, -(d-C^alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-Cio)cycloalkyl,
-(C5- Cio)cycloalkenyl, -(C2-Cg)heterocycloalkyl,
-(C4-C9)heterocycloalkenyl, -(C6-C10)aryl and
-(Ci-Cg)heteroaryl; and wherein each of the foregoing
-(Ci-C 6)alkyl, -(C2-C6)alkenyl,-(C2-C6)alkynyl,
-(C3-Ci 0)cycloalkyl, -(C5-C10)cycloalkenyl,
-(C2-C9)heterocycloa!kyl, -(C4- C9)heterocycloalkenyl,
-(C6-Ci 0)aryl and -(C,-C 9)heteroaryl moieties of
said R4 and R5 is optionally substituted by one to
three R12 groups; R6 is selected from the group
consisting of -halo, -NR7R8, -OR10, -C(O)R9, -CO2R10,
-CONR7R8, -S(O) R11 , -NR7CONR7R8, and -NR8SO2R11 ,
-NO2, -CN, -CF3, -(C1- C6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C2-C6)perf)uorinated alkyl, -(C2-
C6)perfluorinated alkenyl, -(C3-C6)perfluorinated
alkynyl, -(C3-C7)cycloalkyl, -(Cs- Cio)cycloalkenyl,
-(C6-Ci 0)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl,
-(Ci-Cg)heterocyclyl, - (CrCio)heterocycloalkenyl,
-(C6-Cg)heterobicycloalkyl,
-(C6-Cg)heterobicycloalkenyl, -(C6-Cio)aryl,
-(CrCg)heteroaryl, -(C6-Cio)perfluorinated aryl, and
-(CrCg)perfluorinated heteroaryl; and wherein each of
said -(Ci-C 6)alkyl, -(C2-Ce)alkenyl, -(C2-C6)alkynyl,
-(C3- C7)cycloalkyl, -(C5-Cio)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl,
-(Ci-C 9)heterocyclyl, -(CrCio)heterocycloalkenyl,
-(C6-Cg)heterobicycloalkyl,
-(C6-Cg)heterobicycloalkenyl, -(C6-Cio)aryl, and -(d-C
9)heteroaryl moieties of said R6 is optionally
substituted by one to three R12 groups; R7 and R8 are
each independently selected from the group consisting
of -H, -OR10 , -S(O)jR11 , -NO2, -(Ci-C b)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-
Cio)cycloalkyl, -(C5-Ci 0)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl, -(C2-
Cg)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-Cg)heterobicycloalkyl, -(Ce-
C9)heterobicycloalkenyl -(C6-Ci 0)aryl, and
-(d-Cg)heteroaryl; and wherein, each of the foregoing
-(Ci-C 6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-Cio)cycloalkyl, -(C5- Ci0)cycloalkenyl,
-(C2-C9)heterocycloalkyl, (C4-Cg)heterocycloalkenyl,
-(C6-Cio)aryl and -(CrCg)heteroaryl moieties of said
R7 and R8 is optionally substituted by one to three
R12 groups; each R9 is independently selected from the
group consisting of -H, -halo, -NR13R14 , -(Ci-C
b)alkyl, -(C2-Cb)alkenyl, -(C2-C6)alkynyl, -(C3-Ci
0)cycloalkyl, -(C5- Cio)cycloalkenyl, -(C6-Ci
0)bicycloalkyl, -(C6-Cio)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl - (C6-Cio)aryl, and
-(Ci-C 9)heteroaryl; and wherein each of the foregoing
-(Ci-C bjalkyl, -(CrC b)alkenyl, -(C2-C6)alkynyl,
-(C3-Cio)cycloalkyl, -(C5-C10)cycloalkenyl, -(C2-
C9)heterocycloalkyl, (C4-C9)heterocycloalkenyl,
-(C6-C10)aryl and -(C r C9)heteroaryl moieties of said
R9 is optionally substituted by one to three R12
groups; each R10 is independently selected from the
group consisting of -H, -(Ci-C 6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-Cio)cycloalkyl,
-(C5-C10)cycloalkenyl, -(C6-Cio)bicycloalkyl,
-(C6-C10)bicycloalkenyl, -(C -C^heterocycloalkyl, -(C
- C9)heterocycloalkenyl, -(C6-C9)heterobicycloalkyl,
-(Ce-C^heterobicycloalkenyl -(C6- Cio)aryl, and -(CrC
9)heteroaryl; and wherein each of the foregoing -(Ci-C
6)alkyl, -(C2- C6)alkenyl, -(C2-C6)alkynyl, -(C3-Ci
0)cycloalkyl, -(C5-C10)cycloalkenyl, -(C2- C
jheterocycloalkyl, (C4-C9)heterocycloalkenyl, -(C5-Ci
0)aryl and -(Cr C9)heteroaryl moieties of said R10 is
optionally substituted by one to three R12 groups;
each R11 is independently selected from the group
consisting of -H, -NR13R14 , -C(O)R13 , -CF3, -(Ci-C
6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-C10)cycloalkyl, -(C5- Cio)cycloalkenyl,
-(C6-Cio)bicycloalkyl, -(Ce-Cio)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, 



-(C4-C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl - (C6-Cio)aryl, and
-(Ci-C 9)heteroaryl; land wherein each of the
foregoing -(CrC 6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C3-Ci 0)cycloalkyl,
-(C5-Cio)cycloalkenyl, -(C2- C9)heterocycloalkyl,
(C4-C9)heterocycloalkenyl, -(C6-Cio)aryl and
-(CrCgJheteroaryl moieties of said R11 is optionally
substituted by one to three R12 groups; each R12 is
independently selected from the group consisting of
-H, -OR13, -C(O)R13, -C(O)OR 13, -OC(O)R 13,
-OC(O)OR13, -C(O)NR 13R14 , -NR13C(O)NR13R14 ,
-NR13R14 , -NR13C(NR13R14X=NR13) ,
-NR13C(NR13R14X=N-C(O)R 13) , -NR13C(O)R14 , -NR13S(O)
R13 , -S(O)jR13, -CF3, -CN, -(C r Cb)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-
Cio)cycloalkyl, -(C5-Ci 0)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl, -(C2-
C9)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl, -(C6-
C9)heterobicycloalkenyl, -(C6-Cio)aryl, and
-(CrCgJheteroaryl; wherein each of the foregoing -(CrC
6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-C10)cycloalkyl, -(C5- Cio)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-Ci0)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C -C9)heterocycloalkenyl,
-(C -Cgjheterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, - (C6-Ci 0)aryl, and -(C
r C9)heteroaryl of said R12 is optionally
independently substituted by one to three groups
selected from the group consisting of -halo, -CF3,
-CN, -NO2, -OH, - O((CrC 6)alkyl), -C(O)R 15 , -C(O)NR
15R16 , -S(O)jR15 , and -S(O)jNR15R16 , -(C3-
Cio)cycloalkyl, -(C2-C9)heterocycloalkyl, -SH, -S((C r
C6)alkyl), -NH2, -NH((Cr C6)alkyl) and
-N((C1-C6)alkyl)2; R13 and R14 are each independently
selected from the group consisting of -H, -NR15C(O)R16
, -CF3, -CN, -S(O)jR15 , -(C1-C6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-
Cio)cycloalkyl, -(C5-Cio)cycloalkenyl, -(C6-Ci
0)bicycloalkyl, -(C6-Cio)bicycloalkenyl, -(C -
C9)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl, -(C -
C9)heterobicycloalkenyl, -(C6-Cio)aryl, and -(Ci-C
9)heteroaryl; and wherein each of theforegoing -(Ci-C
6)alkyl, -(Cz-C6)alkenyl, -(C2-C6)alkynyl, -(C3-Ci
0)cycloalkyl, -(C5- Cio)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4-Cg)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, - (C6-Cio)aryl, and
-(Ci-C 9)heteroaryl of said R13 and R14 is optionally
independently substituted by one to three groups
selected from the group consisting of -halo, -CF3,
-CN, -NO2, -OH, -O((Ci-C b)alkyl), -C(O)((C
1-C6)alkyl), -(C3-C10)cycloalkyl, -(C2-
C9)heterocycloalkyl, -SH, -S((Cr C6)alkyl), -NH2,
-NH((C1-C6)alkyl) and -N((Ci-C b)alkyl)2; R15 and R16
are each independently selected from the group
consisting of -H, - (Ci-C 6)alkyl, -(C2-C6)alkepyl,
-(C2-C6)alkynyl, -(C3-Cio)cycloalkyl,
-(C5-Cio)cycloalkenyl, -(C6-C10)bicycloalkyl,
-(C6-Cio)bicycloalkenyl, -(C2-C9)heterocycloalkyl,
-(C4- Cg)heterocycloalkenyl,
-(C6-Cg)heterobicycloalkyl,
-(C6-Cg)heterobicycloalkenyl, -(C - do)aryl, and
-(CrCg)heteroaryl; and wherein each of the foregoing
-(Ci-Ce)alkyl, -(C2- C6)alkenyl, -(C2-C6)alkynyl,
-(C3-Ci 0)cycloalkyl, -(Cs-Cio)cycloalkenyl, -(Ce-
Cio)bicycloalkyl, -(Ce-Cio)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4- C^heterocycloalkenyl,
-(C6-Cg)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, -(C - Cio)aryl, and
-(d-Cg)heteroaryl of said R15and R16 is optionally
independently substituted by one to three groups
selected from the group consisting of -halo, -CF ,
-CN, -NO2, -OH1-O((Cr C6)alkyl), -C(O)((C 1-C6)alkyl),
-(C3-C10)cycloalkyl, -(C2- C9)heterocycloalky1, -SH
-S((C,-C 6)alkyl), -NH2, -NH((C,-C 6)alkyl) and -N((C
r C6)alkyl)2; wherein one or two carbon ring atoms in
each of the aforementioned -(C1- C6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-Cio)cycloalkyl,
-(C5-C10)cycloalkenyl, -(C6- Cio)bicycloalkyl,
-(C3-C10)bicycloalkenyl, -(C2-Cg)heterocycloalkyl,
-(C4- Cg)heterocycloalkenyl,
-(C6-Cg)heterobicycloalkyl and
-(C6-Cg)heterobicycloalkenyl in said R1-R14 groups may
optionally and independently be replaced with -C(O)-
or -C(S)-; wherein two groups attached to the same
tetravalent carbon atom in each of the aforementioned
-(C 1-C6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-Cio)cycloalkyl, -(C5- Cio)cycloalkenyl,
-(C6-Cio)bicycloalkyl, -(C6-Cio)bicycloalkenyl,
-(C2-Cg)heterocycloalkyl, -(C4-Cg)heterocycloalkenyl,
-(C6-Cg)heterobicycloalkyl and
-(Cd-Cg)heterobicycloalkeny of said R1 to R14 groups
may optionally join to form a ring system selected
from the group consisting of a -(C3-Cio)cycloalkyl,
-(C5-Cio)cycloalkenyl, -(C2-Cg)heterocycloalkyl, and
-(C4-Cg)heterocycloalkenyl; and wherein j is an
integer from 0 to 2; n is an integer from 1 to 3; and
m is an integer from 0 to 3.In another embodiment, the
invention relates to a compound of formula Ia wherein
at least one R1 is -C(O)OR 10 . In another embodiment,
the invention relates to a compound of formula Ia
wherein at least one R1 is -C(O)OR 10 and R10 is -(CrC
6)alkyl optionally substituted by one to three R12
groups. In another embodiment, the invention relates
to a compound of formula Ia wherein at least one R1 is
-C(O)R9. In another embodiment, the invention relates
to a compound of formula Ia wherein at least one R1 is
-C(O)R9 and R9 is selected from the group consisting
of- NR13R14 , -(Ci-C 6)alkyl and -(C3-C10)cycloalkyl;
wherein each of said -(C r Ce)alkyl, and
-(C3-C10)cycloalkyl of said R9 group is optionally
substituted by one to three R12 groups; and wherein
two groups attached to the same tetravalent carbon
atom of said -(Cr C6)alkyl and -(C3-Ci 0)cycloalkyl of
said R9 may optionally join to form a ring system
selected from the group consisting of a -(C3-Ci
0)cycloalkyl, -(C5-Cio)cycloalkenyl, -(C2-
C9)heterocycloalkyl, and -(C -Cg)heterocycloalkenyl.
In another embodiment, the invention relates to a
compound of formula Ia wherein at least one R1 is
-C(O)R9 and R9 is -(CrC Jalkyl optionally substituted
by a group selected from the group consisting Of
-NR13R14 , -NR15C(O)R 16 and -CF3. In another
embodiment, the invention relates to a compound of
formula Ia wherein at least one R1 is -C(O)R9 and R9
is -NR13R14 . In another embodiment, the invention
relates to a compound of formula Ia wherein at least
one R1 is -C(O)R9, R9 is -NR13R14 , and R13 and R14
are each independently selected from the group
consisting of - H and -(Ci-Ce)alkyl; and wherein said
-(C r C6)alkyl of said R13 and R14 groups is
optionally independently substituted with one to three
groups selected from the group consisting of -halo,
-CF3, -CN, -NO2, -OH, -O((Ci-C b)alkyl), -C(O)((d-C
6)alkyl), -(C3-C10)cycloalkyl,
-(C2-C9)heterocycloalkyl, -SH, - S((Ci-C b)alkyl),
-NH2, -NH((Cr C6)alkyl) and -N((Ci-C 6)alkyl)2. In
another embodiment, the invention relates to a
compound of formula Ia wherein at least one R1 is
-C(O)R9, R9 is -NR13R14 , and R13 and R14 are each
independently selected from the group consisting - H
and -(CrC Jalkyl; wherein said -(Ci-C jalkyl of said
R13 and R14 are each optionally independently
substituted with one to three groups selected from the
group consisting of -(C3-Ci 0)cycloalkyl, -(C2-
C9)heterocycloalkyl, -(C6-Cio)aryl, and
-(Ci-Cg)heteroaryl; and wherein each of said -(C3- Ci
0)cycloalkyl, -(C2-C9)heterocycloalkyl, -(C6-Cio)aryl,
and -(Ci-C9)heteroaryl optionalsubstituents of said
-(Cr C6)alkyl of said R13 and R14 is optionally
independently substituted by one to three groups
selected from the group consisting of -halo, -CF3,
-CN, -NO2, -OH, -O((CrC 6)alkyl), -C(O)((Cr C6)alkyl),
-(C3-Cio)cycloalkyl, -(C2- C9)heterocycloalkyl, -SH,
-S((CrC 6)alkyl), -NH2, -NH((Cr C6)alkyl) and -N((Ci-C
6)alkyl)2. In another embodiment, the invention
relates to a compound of formula Ia wherein m is 1.
The present invention also provides a compound of
formula Ib: Ib or a pharmaceutically acceptable salt
thereof; wherein A is phenyl; B is phenyl or a 5- to
6-membered heteroaryl; K is CH, C(NH2) or N; at least
one R1 is -(C r C6)alkyl optionally independently
substituted by one to three R12 groups; R2 and R3 are
each independently selected from the group consisting
of - H - halo, -OR10 , -(CrC b)alkyl, -(C2-C5)alkenyl,
-(C2-C6)alkynyl, -(C3-Ci 0)cycloalkyl, -(C5-
Cio)cycloalkenyl, -(C2-C9)heterocycloalkyl,
-(C4-C9)heterocycloalkenyl, -(C3-Ci 0)aryl and
-(Ci-Cg)heteroaryl; and wherein each of the foregoing
-(Ct Ce)alkyl, -(C2-C6)alkenyl, -(C2-C5)alkynyl,
-(C3-C10)cycloalkyl, -(C5-Ci 0)cycloalkenyl,
-(C2-C9)heterocycloalkyl, (C4- Cgjheterocycloalkenyl,
-(C6-Cio)aryl and -(d-C 9)heteroaryl moieties of said
R2 and R3 is optionally substituted by one to three
R12 groups; R4 and R5 are each independently selected
from the group consisting of -H, - NR7R8, -(Cr
C6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-Ci
0)cycloalkyl, -(C5- Cio)cycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-Ci 0)aryl and -(CrC 9)heteroaryl; and wherein
each of the foregoing -(C 1-C6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C3-Ci 0)cycloalkyl, -(C5-Ci
0)cycloalkenyl, -(C2-Cg)heterocycloalkyl,
-(C4-Cg)heterocycloalkenyl, -(C6-C10)aryl and -(Cr
C9)heteroaryl moieties of said R4 and R5 is optionally
substituted by one to three R12 groups; R6 is selected
from the group consisting of -halo, -NR7R8, -OR10,
-C(O)R 9, -CO2R10 , -CONR7R8, -S(O)]R11 , -NR7CONR7R8,
and -NR8SO2R11 , -NO2, -CN -CF3, -(C1- C6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C2-C6)perfluorinated alkyl, -(C2- C5)perfluorinated
alkenyl, -(C3-C6)perfluorinated alkynyl,
-(C3-C7)cycloalkyl, -(C5- Cio)cycloalkenyl, -(C6-Ci
0)bicycloalkyl, -(C6-C10)bicycloalkenyl, -(Cr
C9)heterocyclyl, - (Cr Cio)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, -(C6-Cio)aryl, -(CrC
9)heteroaryl, -(C6-C10)perfluorinated aryl, and
-(Ci-Cg)perfluorinated heteroaryl; and wherein each of
said -(Ci-C 6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3- C7)cycloalkyl, -(C5-C10)cycloalkenyl, -(C6-Ci
0)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl,
-(CrCg)heterocyclyl, -(Ci-Cio)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, -(Cb-Ci a)aryl, and
-(Ci-C 9)heteroaryl moieties of said R6 is optionally
substituted by one to three R12 groups; R7 and R8 are
each independently selected from the group consisting
of -H, -OR10, -S(O)jR1 1 , -NO2, -(Cr C6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-
Cio)cycloalkyl, -(C5-Ci 0)cycloalkenyl,
-(C3-C10)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl, -(C2-
C9)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl, -(Ce- 



C9)heterobicycloalkenyl -(C6-Ci O)aryl, and
-(Ci-Cg)heteroaryl; and wherein each of the foregoing
-(CrC 6)alkyI, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-Ci 0)cycloalkyl, -(C5- Cio)cycloalkenyl,
-(C2-C9)heterocycloalkyl, (C4-Cg)heterocycloalkenyl,
-(C6-Cio)aryl and -(CrCg)heteroaryl moieties of said
R7 and R8 is optionally substituted by one to three
R12 groups; each R9 is independently selected from the
group consisting of -H, -halo, -NR13R14 , -(CrC
6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-C10)cycloalkyl, -(C5- Cio)cycloalkenyl,
-(C6-Cio)bicycloalkyl, -(C6-Cio)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C -Cgjheterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl - (C5-Cio)aryl, and
-(CrCg)heteroaryl; and wherein each of the foregoing
-(C r C6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-C10)cycloalkyl, -(C5-Ci 0)cycloalkenyl, -(C2-
Cg)heterocycloalkyl, (C4-C9)heterocycloalkenyl,
-(C6-C10)aryl and -(Cr C9)heteroaryl moieties of said
R9 is optionally substituted by one to three R12
groups; each R10 is independently selected from the
group consisting of -H, -(CrC 6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-C10)cycloalkyl,
-(C5-C10)cycloalkenyl, -(C6- Cio)bicycloalkyl,
-(C6-Cio)bicycloalkenyl, -(C2-C9)heterocycloalkyl,
-(C4-C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl -(C6- Cio)aryl, and
-(CrCg)heteroaryl; and wherein each of the foregoing
-(Ci-C JalkyI, -(C2- C6)alkenyl, -(C2-C5)alkynyl,
-(C3-C10)cycloalkyl, -(C5-Ci 0)cycloalkenyl, -(C2-
C9)heterocycloalkyl, (C4-Cg)heterocycloalkenyl,
-(C6-Ci 0)aryl and -(C r C9)heteroaryl moieties of
said R10 is optionally substituted by one to three R12
groups; each R11 is independently selected from the
group consisting of -H, -NR13R14 , -C(O)R 13, -CF3,
-(C-,-C6)alkyl, -(C2-C6)alkepyl, -(C2-C6)alky pyl,
-(C3-C10)cycloalkyl, -(C5- Cio)cycloalkenyl,
-(C6-Cio)bicycloalkyl, -(C6-Cio)bicycloalkenyl,
-(C2-Cg)heterocycloalkyl, -(C -Cg)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-Cg)heterobicycloalkenyl - (C6-Cio)aryl, and
-(d-C^heteroaryl; land wherein each of the foregoing
-(CrC6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-Cio)cycloalkyl, -(Cs-Cio)cycloalkenyl, -(C2-
Cg)heterocycloalkyl, (C4-C9)heterocycloalkenyl,
-(C6-Ci O)aryl and -(C 1-C9)heteroaryl moieties of
said R11 is optionally substituted by one to three R12
groups; each R12 is independently selected from the
group consisting of -H, -OR13, -C(O)R 13, -C(O)OR 13,
-OC(O)R 13, -OC(O)OR 13 , -C(O)NR 3R14 , -NR13C(O)NR
13R14 , -NR13R14 , -NR13C(NR13R14X=NR 13) ,
-NR13C(NR13R14K=N-C(O)R 13) , -NR 13C(O)R 14 ,
-NR13S(O) R13 , -S(O)jR13 , -CF3, -CN, -(C r C6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-
Cio)cycloalkyl, -(Cs-Cio)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl, -(C2-
C9)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-CB)heterobicycloalkyl, -(C6-
Cgjheterobicycloalkenyl, -(C6-C10)aryl, and
-(CrCg)heteroaryl; wherein each of the foregoing -(CrC
6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C 3-Ci
0)cycloalkyl, -(C5- Cio)cycloalkenyl,
-(C6-Cio)bicycloalkyl, -(C6-Cio)bicycloalkenyl,
-(C2-Cg)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C -Cgjheterobicycloalkyl,
-(Ce-Cg)heterobicycloalkenyl, - (C6-Cio)aryl, and
-(Ci-Cg)heteroaryl of said R12 is optionally
independently substituted by one to three groups
selected from the group consisting of -halo, -CF3,
-CN, -NO2, -OH, - O((Cr C6)alkyl), -C(O)R 15, -C(O)NR
15R16 , -S(O)jR15 , and -S(O)jNR15R16 , -(C3-
Cio)cycloalkyl, -(C2-C9)heterocycloalkyl, -SH, -S((CrC
6)alkyl), -NH2, -NH((C r C6)alkyl) and -N((Ci-C
6)alkyl) 2; R13 and R14 are each independently
selected from the group consisting of -H, -NR15C(O)R
16 , -CF3, -CN, -S(O)jR15 , -(CrC 6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-
Cio)cycloalkyl, -(C5-Ci 0)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl, -(C2-
C9)heterocycloalkyl, -(C -C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl, -(C6-
Cg)heterobicycloalkenyl, -(C6-Ci O)aryl, and
-(CrCgJheteroaryl; and wherein each of the foregoing
-(C r C6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C
3-Ci 0)cycloalkyl, -(C5-Cio)cycloalkenyl,
-(C6-Cio)bicycloalkyi, -(C6-Ci 0)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4-Cg)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, - (C6-C10)aryl, and
-(Ci-C 9)heteroaryl of said R13 and R14 is optionally
independently substituted by one to three groups
selected from the group consisting of -halo, -CF3,
-CN, -NO2, -OH, -O((Ci-C b)alkyl), -C(O)((C
1-C6)alkyl), -(C3-Cio)cycloalkyl, -(C2-
Cg)heterocycloalkyl, -SH, -S((Cr C6)alkyl), -NH2,
-NH((C,-C 6)alkyl) and -N d -C alkyl ; R15 and R16 are
each independently selected from the group consisting
of -H, - (CrC 6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C3-Cio)cycloalkyl, -(C5-Ci
0)cycloalkenyl, -(C6-C10)bicycloalkyl,
-(C6-Cio)bicycloalkenyl, -(C2-C9)heterocycloa!kyl,
-(C4- Cgjheterocycloalkenyl, -(C
-Cgjheterobicycloalkyl, -(C6-Cg)heterobicycloalkenyl,
-(Ce- Cio)aryl, and -(Ci-Cg)heteroaryl; and wherein
each of the foregoing -(CrCe)alkyl, -(C2- C6)alkenyl,
-(C2-C6)alkynyl, -(C3-Ci 0)cycloalkyl, -(C5-Ci
0)cycloalkenyl, -(C6- Cio)bicycloalkyl, -(C6-Ci
0)bicycloalkenyl, -(C2-C9)heterocycloalkyl, -(C4-
C9)heterocycloalkenyl, -(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, -(C - Cio)aryl, and
-(Ci-C 9)heteroaryl of said R15and R16 is optionally
independently substituted by one to three groups
selected from the group consisting of -halo, -CF3,
-CN, -NO2, -OH, -O((Cr C6)alkyl), -CtOX^-C^alkyl),
-(C3-C10)cycloalkyl, -(C2- C9)heterocycloalkyl, -SH,
-NH2, -NH((C r C6)alkyl) and -N((Cr C6)alkyl)2;
wherein one or two carbon ring atoms in each of the
aforementioned -(Ci- C6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C3-Cio)cycloalkyl, -(C5-Ci
0)cycloalkenyl, -(C6- Cio)bicycloalkyl, -(C6-Ci
0)bicycloalkenyl, -(C2-Cg)heterocycloalkyl, -(C4-
Cg)heterocycloalkenyl, -(C6-Cg)heterobicycloalkyl and
-(C -Cgjheterobicycloalkenyl in said R1-R14 groups may
optionally and independently be replaced with -C(O)-
or -C(S)-; wherein two groups attached to the same
tetravalent carbon atom in each of the aforementioned
-(CrC 6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-Ci 0)cycloalkyl, -(C5- Cio)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-C10)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-C8)heterobicycloalkyl and
-(C6-C9)heterobicycloalkeny of said R1 to R14 groups
may optionally join to form a ring system selected
from the group consisting of a -(C3-Cio)cycloalkyl,
-(C5-Ci 0)cycloalkenyl, -(C2-C9)heterocycloalkyl, and
-(C4-Cg)heterocycloalkenyl; and wherein j is an
integer from 0 to 2 ; n is an integer from 1 to 3; and
m is an integer from 0 to 3.In another embodiment, the
invention relates to a compound of formula Ia or 1b
wherein R2 and R3 are each independently selected from
the group consisting of -H, - halo, and -OR10. In
another embodiment, the invention relates to a
compound of formula Ia or 1b wherein R4 and R5 are
each independently selected from the group consisting
of -H, -(Ci-C 6)alkyl, -(C2-C6)alkenyl, and
-(C2-C6)alkynyl; and wherein each of the foregoing
-(Ci-C 6)alkyl, -(C2-C6)alkenyl and -(C2-C6)alkynyl
moieties of said R4 and R5 is optionally independently
substituted by one to three R12 groups. In another
embodiment, the invention relates to a compound of
formula Ia or 1b wherein R6 is -CF3. In another
embodiment, the invention relates to a compound of
formula Ia or 1b wherein K is CH. In another
embodiment, the invention relates to a compound of
formula Ia or 1b wherein m is 1. In another
embodiment, the invention relates to a compound of
formula Ia or 1b wherein n is 1. The present invention
provides a compound of formula Ic: Ic or a
pharmaceutically acceptable salt thereof; wherein the
moiety Rs R.4 N HN- (CR2R3 -f- B )represents a moiety
selected from the group consisting of: CH3' N SO2CH3 A
is a ring moiety selected from the group consisting of
a: (a) 4- to 7-membered carbocyclyl, (b) 4- to
7-membered heterocyclyl, (c) phenyl, and (d) 5- to
6-membered heteroaryl ring, wherein each of said 4- to
7-membered carbocyclyl and 4- to 7-membered
heterocyclyl of said A group may optionally contain
one or two olefinic bonds; and wherein one or two
carbon ring atoms in each of said 4- to 7-membered
carbocyclyl and 4- to 7-membered heterocyclic of said
A group may independently optionally be replaced with
one or two moieties independently selected from the
group consisting of -C(O)- -C(S)- and -C(=NR4)-; K is
CH, C(NH2) or N, each R1 is independently selected
from the group consisting of -H, halo, -CF3, -CN -NO2,
-NR7R8, -NR7C(NR7R8X=CR9), -CR7(NR7R8)(=NR 7) ,
-NR7C(NR7R8K=NR7) ,-NR7C(O)R9, -C(O)NR 7R8, -C(O)R 9,
-C(O)C(O)R 9, -C(O)OR 10 , -OC(O)R 9, -OR10, -OC(O)OR
10 , -S(O)jR11, -S(O)(=NR 7)R8, -(Ci-C b)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-C10)cycloalkyl,
-(C5-Ci 0)cycloalkenyl, -(C6-Cio)bicycloalkyl,
-(C6-Cio)bicycloalkenyl, -(C -C9)heterocycloalkyl,
-(C4-C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl, -(C6-
Cg)heterobicycloalkenyl, -(C6-Cio)aryl, and
-(Ci-Cg)heteroaryl; and wherein each of the foregoing
-(C 1-C6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkypyl,
-(C3-Ci 0)cycloalkyl, -(C5- Cio)cycloalkenyl,
-(C2-Cg)heterocycloalkyl, -(C,.-C9)heterocycloalkenyl,
-(C6-Cio)aryl and -(Ci-C 9)heteroaryl moieties of said
R1 is optionally independently substituted by one to
three R12 groups; R6 is selected from the group
consisting of -halo, -NR7R8, -OR10 , -C(O)R 9, -CO2R10
, -CONR7R8, -S(OJjR1 1 , -NR7CONR7R8, and -NR8SO2R1 1
, -NO2, -CN, -CF3, -(C 1- C6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C2-C6)perfluorinated alkyl, -(C2-
C6)perfluorinated alkenyl, -(C3-C6)perfluorinated
alkynyl, -(C3-C7)cycloalkyl, -(Cs- Cio)cycloalkenyl,
-(C6-Ci 0)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl,
-(CrCg)heterocyclyl, - (Ci-C 10)heterocycloalkenyl,
-(C6-C8)heterobicycloalkyl,
-(C6-Cg)heterobicycloalkenyl, -(C6-Cio)aryl,
-(CrCg)heteroaryl, -(C6-Cio)perfluorinated aryl, and
-(Ci-Cg)perfluorinated heteroaryl; and wherein each of
said -(d-C Jalkyl, -(C -C jalkenyl, -(C2-C6)alkynyl,
-(C3- 



C7)cycloalkyl, -(Cs-Cio)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-C10)bicycloalkenyl,
-(Ci-Cg)heterocyclyl, -(CrCio)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-Cg)heterobicycloalkenyl, -(C6-Cio)aryl, and
-(CrCg)heteroaryl moieties of said R6 is optionally
substituted by one to three R12 groups; R7 and R8 are
each independently selected from the group consisting
of -H, -OR10 , -S(O)]R1 1 , -NO2, -(C r C6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-
Cio)cycloalkyl, -(C5-Ci 0)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-Cio)bicycloalkenyl, -(C2-
Cgjheterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl, -(Ce-
Cg)heterobicycloalkenyl -(C6-Cio)aryl, and
-(d-Cg)heteroaryl; and wherein each of the foregoing
-(C r C6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-Ci 0)cycloalkyl, -<C5- Cio)cycloalkenyl,
-(C2-C9)heterocycloalkyl, (C4-Cg)heterocycloalkenyl,
-(C6-Cio)aryl and -(C r C9)heteroaryl moieties of said
R7 and R8 is optionally substituted by one to three
R12 groups; each R9 is independently selected from the
group consisting of -H, -halo, -NR13R14 , -(Cr
C6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-C10)cycloalkyl, -(C5- Cio)cyc!oalkenyl, -(C3-Ci
0)bicycloalkyl, -(C6-C10)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl, -(C
6-Cg)heterobicycloalkenyl -(C6-Ci 0)aryl, and -(C r
C9)heteroaryl; and wherein each of the foregoing
-(Ci-C 6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-Cio)cycloalkyl, -(C5-Ci 0)cycloa!kenyl, -(C2-
Cg)heterocycloalkyl, (QrC^heterocycloalkenyl,
-(C6-Cio)aryl and -(CrCsJheteroaryl moieties of said
R9 is optionally substituted by one to three R12
groups; each R10 is independently selected from the
group consisting of -H1-(Ci-C 6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-Ci
0)cycloalkyl, -(C5-C10)cycloalkenyl, -(C6-
Cio)bicycloalkyl, -(C6-C10)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4- C9)heterocycloalkenyl,
-(Ce-C^heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl -(C - C10)aryl, and
-(CrCgJheteroaryl; and wherein each of the foregoing
-(Ci-C 6)alkyl, -(C2- C6)alkenyl, -(C2-C6)alkynyl,
-(C3-C10)cycloalkyl, -(C5-C10)cycloalkenyl, -(C2-
Cg)heterocycloalkyl, (C4-C9)heterocycloalkenyl,
-(C6-Cio)aryl and -(CrCg)heteroaryl moieties of said
R10 is optionally substituted by one to three R12
groups; each R1 1 is independently selected from the
group consisting of -H, -NR13R14 , -C(O)R 13, -CF3,
-(CrC bJalkyl. -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-C10)cycloalkyl, -(C5- Cio)cycloalkenyl, -(C6-Ci
0)bicycloalkyl, -(C6-C10)bicycloalkeny!,
-(C2-C9)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(Cg-Cgjheterobicycloalkyl,
-(C6-Cg)heterobicycloalkenyl - (C6-Cio)aryl, and
-(CrCg)heteroaryl; land wherein each of the foregoing
-(Ci-Cejalkyl, -(C2-C6)alkepyl, -(C2-C6)alkynyl,
-(C3-Ci 0)cycloalkyl, -(C5-Cio)cycloalkenyl, -(C2-
C9)heterocycloalkyl, (C4-Cg)heterocycloalkenyl,
-(C6-Cio)aryl and -(Cr Cg)heteroaryl moieties of said
R1 1 is optionally substituted by one to three R12
groups; each R12 is independently selected from the
group consisting of -H, -OR13 , -C(O)R 13 , -C(O)OR
13, -OC(O)R 13, -OC(O)OR 13 , -C(O)NR 13R14 ,
-NR13C(O)NR 13R14 , -NR 13R14 , -NR 13C(NR13R14X=NR13)
, -NR 13C(NR 13R14)(=N-C<O)R13) , -NR 13C(O)R14 ,
-NR13S(O) R13 , -S(O)jR13 , -CF3, -CN, -(d-C 6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-
Cio)cycloalkyl, -(C5-Ci 0)cycloalkenyl, -(C6-Ci
0)bicycloalkyl, -(C6-Cio)bicycloalkenyl, -(C2-
C9)heterocycloalkyl, -(C4-Cg)heterocycloalkenyl, -(C
-Cgjheterobicycloalkyl, -(C - Cg)heterobicycloalkenyl,
-(C6-CiO)aryl, and -(Ci-C 9)heteroaryl; wherein each
of the foregoing -(C r Cd)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C3-Cio)cycloalkyl, -(C5-
Cio)cycloalkenyl, -(C6-Cio)bicycloalkyl,
-(C6-Cio)bicycloalkenyl, -(C2-C9)heterocycloalkyl, -(C
-C9)heterocycloalkenyl, -(C6-Cg)heterobicycloalkyl,
-(C6-Cg)heterobicycloalkenyl, - (C6-Cio)aryl, and
-(CrCg)heteroaryl of said R12 is optionally
independently substituted by one to three groups
selected from the group consisting of -halo, -CF3,
-CN, -NO2, -OH, - O((Ci-C 6)alkyl), -C(O)R 15,
-C(O)NR15R16 , -S(O)1R15 , and -S(O)jNR15R16 ,
-(C3-Cio)cycloalkyl, -(C2-C9)heterocycloalkyl, -SH,
-S((CrC 6)alkyl), -NH2, -NH((Ci-C 6)alkyl) and -N((CrC
6)alkyl)2; R13 and R14 are each independently selected
from the group consisting of -H, -NR15C(O)R16 , -CF3,
-CN, -S(O) R15, -(C r Cs)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C3- Cio)cycloalkyl,
-(Cs-Cio)cycloalkenyl, -(C6-Cio)bicycloalkyl,
-(C6-Cio)bicycloalkenyl, -(C2- Cg)heterocycloalkyl,
-(C4-Cg)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl, -(Cg-
Cg)heterobicycloalkenyl, -(C6-Ci O)aryl, and -(Cr
Cg)heteroaryl; and wherein each of the foregoing -(CrC
6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-Ci
0)cycloalkyl, -(C5- Cio)cycloalkenyl,
-(C6-Cio)bicycloalkyl, -(C6-Cio)bicycloalkenyl,
-(C2-C9)heterocycloa)kyl, -(C4-C9)heterocycloalkenyl,
-(C -Cgjheterobicycloalkyl, - (C6-Ci O)aryl, and
-(Ci-Cg)heteroaryl of said R13 and R14 is optionally
independently substituted by one to three groups
selected from the group consisting of -halo, -CF ,
-CN, -NO2, -OH, -O((Ci-C 6)alkyl), -C(O)((C
1-C6)alkyl), -(C3-Cio)cycloalkyl, -(C2-
C9)heterocycloalkyl, -SH, -S((C r C6)alkyl), -NH2,
-NH((C r C6)alkyl) and -N((C r C6)alkyl)2; R15 and R16
are each independently selected from the group
consisting of -H, - (CrC 6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C3-C10)cycloalkyl,
-(C5-C10)cycloalkenyl, -(C6-C10)bicycloalkyl, -(C6-Ci
0)bicycloalkenyl, -(C2-Cg)heterocycloalkyl, -(C4-
Cg)heterocycloalkenyl, -(C6-C8)heterobicycloalkyl,
-(C6-Cg)heterobicycloalkenyl, -(C - Cio)aryl, and
-(Ci-Cg)heteroaryl; and wherein each of the foregoing
-(Ci-C 6)alkyl, -(C2- C6)alkenyl, -(C2-C6)alkynyl,
-(C3-Cio)cycloalkyl, -(C5-Cio)cycloalkenyl, -(C6-
Cio)bicycloalkyl, -(C6-Cio)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4- Cg)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-Cg)heterobicycloalkenyl, -(CQCio) aryl, and
-(d-Cg)heteroaryl of said R15and R16 is optionally
independently substituted by one to three groups
selected from the group consisting of -halo, -CF3,
-CN, -NO2, -OH, -O((Cr C6)alkyl), -C(O)((C
1-C6)alkyl), -(C3-Cio)cycloaikyl, -(C2-
Cg)heterocycloalkyl, -SH, -S((C r C6)alkyl), -NH2,
-NH((Cr C6)alkyl) and -N((Ci-C 6)alkyl)2; wherein one
or two carbon ring atoms in each of the aforementioned
-(Cr C6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-C10)cycloalkyl, -(C5-C10)cycloalkenyl, -(C6-
Cio)bicycloalkyl, -(C5-Cio)bicycloalkenyl,
-(C2-Cg)heterocycloalkyl, -(C4- Cg)heterocycloalkenyl,
-(C6-C8)heterobicycloalkyl and
-(C6-Cg)heterobicycloalkenyl in said R1and R6-R14
groups may optionally and independently be replaced
with -C(O)- or -C(S)-; wherein two groups attached to
the same tetravalent carbon atom in each of the
aforementioned -(CrC Jalkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C3-Ci 0)cycloalkyl,
-(C5-Cio)cycloalkenyl, -(C6-Ci 0)bicycloalkyl,
-(C6-C10)bicycloalkenyl, -(C2-C9)heterocycloalkyl,
-(C4-C9)heterocycloalkenyl, -(C6-Cg)heterobicycloalkyl
and of said R1apd R6-R14 groups may optionally join to
form a ring system selected from the group consisting
of a -(C3-C10)cycloalkyl, -(C 5-Cio)cycloalkenyl,
-(C2-C9)heterocycloalkyl, and -(C
-C9)heterocycloalkenyl; and wherein j is an integer
from 0 to 2; and m is an integer from 0 to 3. The
present invention also provides a compound of formula
Id: Id or a pharmaceutically acceptable salt thereof;
wherein A is phenyl or a 5- to 6-membered heteroaryl;
B is selected from the group consisting of phenyl,
pyridyl, pyrimidinyl and pyrazinyl; each R1 is
independently selected from the group consisting of
-H, halo, -CF3, -CN, -C(O)NR 7R8, -C(O)R 9, -OR 10,
and -(C r C6)alkyl; and wherein the -(C r C6)alkyl
moiety of said R1 is optionally independently
substituted by one to three R12 groups; R2 and R3 are
each independently selected from the group consisting
of - H and -(C 1-C6JaIkVl; R4 and R5 are each
independently selected from the group consisting of -
H and -(C r C6)alkyl; R7 and R8 are each independently
selected from the group consisting of -H, -OR10, -S(O)
R1 1, -NO2, -(Ci-C 6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -<C3- Cio)cycloalkyl,
-(C5-Cio)cycloalkenyl, -(C6-C10)bicycloalkyl,
-(C6-Cio)bicycloalkenyl, -(C2- Cg)heterocycloalkyl,
-(C-rCgJheterocycloalkenyl, -(C
-Cgjheterobicycloalkyl, -(Ce- C9)heterobicycloa!kenyl
-(C6-Ci 0)aryl, and -(CrC^heteroaryl; and wherein each
of the foregoing -(C r C6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C 3-Cio)cycloalkyl, -(C5-
Cio)cycloalkenyl, -(C2-C9)heterocycloalkyl, -(C6-Ci
O)aryl and-(d-CgJheteroaryl moieties of said R7 and R8
is optionally substituted by one to three R12 groups;
each R9 is independently selected from the group
consisting of -H, -halo, -NR13R14 , -(Ci-C 6)alkyl,
-(C2-Cb)alkenyl, -(C2-C6)alkynyl, -(C3-C10)cycloalkyl,
-(C5- Cio)cycloalkenyl, -(C6-Ci 0)bicycloalkyl,
-(C6-C10)bicycloalkenyl, -(C2-C9)heterocycloalkyl,
-(C4-C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl - (C6-C10)aryl, and
-(Ci-Cg)heteroaryl; and wherein each of the foregoing
-(d-C Jalkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-Cio)cycloalkyl, -(C5-Cio)cycloalkenyl, -(C2-
Cg)heterocycloalkyl, -(C6-Cio)aryl and
-(d-Cg)heteroaryl moieties of said R9 is optionally
substituted by one to three R12 groups; each R10 is
independently selected from the group consisting of
-H, -(Ci-C Jalkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-Ci 0)cycloalkyl, -(C5-Ci 0)cycloalkenyl, -(C6-
Cio)bicycloalkyl, -(C6-Cio)bicycloalkenyl,
-(C2-Cg)heterocycloalkyl, -(C - Cg)heterocycloalkenyl,
-(C -Cgjheterobicycloalkyl,
-(Ce-Cgjheterobicycloalkenyl -(C - Cio)aryl, and
-(Ci-C 9)heteroaryl; and wherein each of the foregoing
-(CrC 6)alkyl, -(C2- C6)alkenyl, -(C2-C6)alkynyl,
-(C3-Cio)cycloalkyl, -(C5-Ci 0)cycloalkenyl, -(C2-
C9)heterocycloalkyl, (C4-C9)heterocycloalkenyl,
-(C6-Cio)aryl and -(C 1-C9)heteroaryl moieties of said
R10 is optionally substituted by one to three R12
groups; each R1 1 is independently selected from the
group consisting of -H, -NR13R14 , -C(O)R 13 , -CF3,
-(CrC b)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-Cio)cycloalkyl, -(C5- Cio)cycloalkenyl,
-(C6-Cio)bicycloalkyl, -(C6-Cio)bicycloalkenyl,
-(C2-Cg)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-Cg)heterobicycloalkyl,
-(C6-Cg)heterobicycloalkenyl - (C6-Cio)aryl, and -(CrC
9)heteroaryl; land wherein each of the foregoing -(d-C
Jalkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-Ci
0)cycloalkyl, -(C5-C10)cycloalkenyl, -(C2-
C9)heterocycloalkyl, (C4-C9)heterocycloalkenyl,
-(C<3-Cio)aryl and -(d-CgJheteroaryl moieties of said
R1 1 is optionally substituted by one to three R12
groups; 



each R12 is independently selected from the group
consisting of -H, -OR13 , -C(O)R 13 , -C(O)OR 13,
-OC(O)R 13, -OC(O)OR 13, -C(O)NR 13R14 , -NR 13C(O)NR
13R14 , -NR 13R14 , -NR13C(NR13R14X=NR 13), -NR
13C(NR13R14X=N-C(O)R 13) , -NR 13C(O)R 14 ,
-NR13S(O)jR13, -S(O) R13 , -CF3, -CN, -(Cr C6)alkyl,
-(C2-C6)alkenyl, -(C 2-C6)alkynyl, -(C3-
Cio)cycloalkyl, -(C5-Ci 0)cycloalkenyl, -(C6-Ci
0)bicycloalkyl, -(C6-Cio)bicycloalkenyl, -(C2-
Cg)heterocycloalkyl, -(C4-Cg)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl, -(C -
Cg)heterobicycloalkenyl, -(C6-Ci O)aryl, and -(Ci-C
9)heteroaryl; wherein each of the foregoing -(CrC
6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-Ci
0)cycloalkyl, -(C5-Cio)cycloalkenyl,
-(C6-Cio)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, - (C6-Cio)aryl, and
-(Ci-C 9)heteroaryl of said R12 is optionally
independently substituted by one to three groups
selected from the group consisting of -halo, -CF3,
-CN, -NO2, -OH, - O((Cr C6)alkyl), -C(O)R 15,
-C(O)NR15R16, -S(O)jR15 , and -S(O) NR15R16, -(C3-
Cio)cycloalkyl, -(C2-C9)heterocycloalkyl, -SH, -S((C
C6)a\ky\), -NH2, -NH((Cr C6)alkyl) and -N((Ci-C
6)alkyl) 2; R13 and R14 are each independently
selected from the group consisting of -H, -NR 15C(O)R
16, -CF3, -CN, -S(O)jR15, -(Ci-C b)alkyl,
-(C2-C6)alkepyl, -(C2-C6)alkynyl, -(C3-
Cio)cycloalkyl, -(C5-Ci 0)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-Ci 0)bicycloalkepyl, -(C2-
Cg)heterocycloalkyl, -(C4-C9)heterocycloalkenyl,
-(C6-Cg)heterobicycloalkyl, -(Ce-
Cg)heterobicycloalkenyl, -(C6-Cio)aryl, and
-(Ci-Cg)heteroaryl; and wherein each of the foregoing
-(Ci-C 6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-Cio)cycloalkyl, -(C5- Cio)cycloalkenyl,
-(C6-Cio)bicycloalkyl, -(C6-Cio)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4-Cg)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, - (C6-Cio)aryl, and
-(Ci-Cg)heteroaryl of said R13 and R14 is optionally
independently substituted by one to three groups
selected from the group consisting of -halo, -CF3,
-CN, -NO2, -OH, -O((CrC b)alkyl), -C(O)((Cr C6)alkyl),
-(C3-Ci 0)cycloalkyl, -(C2- C9)heterocycloalkyl, -SH,
-S((Ci-C b)alkyl), -NH2, -NH((C 1-C6)alkyl) and -N<(Cr
C6)alkyl)2; R15 and R16 are each independently
selected from the group consisting of -H, - (CrC
6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-C10)cycloalkyl, -(C5-Ci 0)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C - Cg)heterocycloalkenyl,
-(C6-C8)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, -(C - Cio)aryl, and
-(Ci-C 9)heteroaryl; and wherein each of the foregoing
-(Ci-C 6)alkyl, -(C2- Cs)alkenyl, -(C2-C6)alkynyl,
-(C3-Cio)cycloalkyl, -(C5-Ci 0)cycloalkenyl, -(C6-
Cio)bicycloalkyl, -(Cb-Cio)bicycloalkenyl,
-(C2-Cg)heterocycloalkyl, -(C4- C9)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-Cg)heterobicycloalkenyl, -(C&- Cio)aryl, and
-(Ci-Cg)heteroaryl of said R15and R16 is optionally
independently substituted by one to three groups
selected from the group consisting of -halo, -CF3,
-CN, -NO2, -OH, -O((Ci-C b)alkyl), -C(O)((Cr
C6)alkyl), -(C3-C10)cycloalkyl, -(C2-
C9)heterocycloalkyl, -SH, -S((Ci-C 6)alkyl), -NH2,
-NH((C r C6)alkyl) and -N"CrC 6)alkyl)2; j is an
integer from Oto 2; and m is an integer from 1 to 3.In
another embodiment, the invention relates to a
compound of formula Id wherein A is a phenyl. In
another embodiment, the invention relates to a
compound of formula Id wherein the moiety represents a
moiety selected from the group consisting of: In
another embodiment, the invention relates to a
compound of formula Id wherein R1 is -C(O)NR7R8 and R7
and R8 are each independently selected from the group
consisting - H and -(Ci-C 6)alkyl. In another
embodiment, the invention relates to a compound of
formula Id wherein R1 is -OR10 and R10 is -(C r
C6)alkyl. In another embodiment, the invention relates
to a compound of formula Id wherein each R1 is
independently selected from the group consisting of
-H, fluoro, chloro, -CF3, -CN, methyl, -C(O)NH2,
-C(O)NHCH 3, -C(O)NHCH2CH3, -C(O)N{CH3)2, and -OCH 3.
In another embodiment, the invention relates to a
compound of formula Id wherein the moietyrepresents a
moiety selected from the group consisting of: R1 is
-C(O)NH2 or-C(O)NHCH3; and R1a is selected from the
group consisting of fluoro, chloro, methyl and -OCH3.
In another embodiment, the invention relates to a
compound of formula Id wherein R2 and R3 are -H. In
another embodiment, the invention relates to a
compound of formula Id wherein R4 and R5 are methyl.
In another embodiment, the invention relates to a
compound of formula Id wherein m is 1 or 2. In another
embodiment, the invention relates to a compound of
formula I wherein each R1 is independently selected
from the group consisting of -H, fluoro, chloro, -CF3,
-CN, -(Ci-Cs)alkyl, -C(O)NR 7R8, and -OR10 . In
another embodiment, the invention relates to a
compound of formula I wherein R1 is -C(O)NR7R8 and R7
and R8 are each independently selected from the group
consisting - H and -(CrC 6)alkyl. In another
embodiment, the invention relates to a compound of
formula I wherein R2, R3, R4 and R5 are each
independently selected from the group consisting of -
H and -(CrC 6)alkyl. In another embodiment, the
invention relates to a compound of formula I wherein
R2 and R3 are -H. In another embodiment, the invention
relates to a compound of formula I wherein R4 and R5
are methyl. In another embodiment, the invention
relates to a compound of formula I wherein R6 is -CF3,
K is CH, m is 1 or 2, and n is 1. In another
embodiment, the invention relates to a compound of
formula I wherein the moietyrepresents a moiety
selected from the group consisting of: In another
embodiment, the invention relates to a compound of
formula I, Ia1 Ib, Ic or Id wherein R12 further
includes halo. In another embodiment, the invention
relates to a compound of formula I, Ia or Ib wherein
R4 is selected from the group consisting of -H,
-NR7R8, -OR10 , -(CrC 6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C3-Ci 0)cycloalkyl,
-(C5-Cio)cycloalkenyl, -(C2- Cgjheterocycloalkyl,
-(C4-C9)heterocycloalkenyl, -(C6-Cio)aryl and
-(d-Cg)heteroaryl; wherein each of the foregoing
-(Ci-C JalkyI, -(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3-
Cio)cycloalkyl, -(C5-Cio)cycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C - Cg)heterocycloalkenyl,
-(C6-Cio)aryl and -(C r Cg)heteroaryl moieties of said
R4 is optionally substituted by one to three R12
groups; and wherein R4 is not - H when B is a 5- to
6-membered heteroaryl; and R5 is selected from the
group consisting Of-NR 7R8, -(CrC 6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C 3-Ci
0)cycloalkyl, -(C5-Ci 0)cycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C6-Cio)aryl and -(Cr
Cg)heteroaryl; and wherein each of the foregoing
-(Ci-C 6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-Ci 0)cycloalkyl, -(C5-C10)cycloalkenyl,
-(C2-C9)heterocycloalkyl, -(C4- Cg)heterocycloalkenyl,
-(C6-Cio)aryl and -(Ci-Cg)heteroaryl moieties of said
R5 is optionally substituted by one to three R12
groups; In one embodiment, the invention also relates
to the compounds described as Compounds 1-415 in
Examples 1-415 in the Examples section of the subject
application, and pharmaceutically acceptable salts
thereof.Non-limiting examples of compounds
representing the scope of this invention include:
4-({4-[({2-[methyl(methylsulfonyl)amino]pyridin-3-yl}m
ethyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzamide;
4-({4-[({3-[methyl(methylsulfonyl)amino]pyridin-2-yl}m
ethyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzamide;
4-{[4-({3-[methyl(methylsulfonyl)amino]benzyl}amino)-5
-(trifluoromethyl)pyrimidin- 2-yl]amino}benzamide;
3-({4-[({3-[methyl(methylsulfonyl)amino]pyrazin-2-yl}m
ethyl)amino]-5- (trifluoromethyl)py
rimidin-2-yl}amino)benzamide;
4-methoxy-3-({4-[({3-[methyl(methylsulfonyl)amino]pyra
zin-2-yl}methyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzamide;
N-methyl-4-({4-[({3-[methyl(methylsulfonyl)amino]pyrid
in-2-yl}methyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzamide;
N-methyl-4-({4-[({3-[methyl(methylsulfonyl)amino]pyraz
in-2-yl}methyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzamide;
3-fluoro-4-({4-[({2-[methyl(methylsulfonyl)amino]pyrid
in-3-yl}methyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzamide;
2-fluoro-4-({4-[({3-[methyl(methylsulfonyl)amino]pyrid
in-2-yl}methyl)amino]-5- (trifluoromethyl)pyrimid
in-2-yl}amino)benzamide;
2-fluoro-4-{[4-({3-[methyl(methylsulfonyl)amino]benzyl
}amino)-5-
(trifluoromethyl)pyrimidin-2-yl]amino}benzamide;
2-methyl-4-({4-[({2-[methy|(methylsulfonyl)amino]pyrid
in-3-yl}methyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzamide;
2-methyl-4-({4-[({3-[methyl(methylsulfonyl)amino]pyrid
in-2-yl}methyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzamide;
2-methyl-4-({4-[({3-[methyl(methylsulfonyl)amino]pyraz
in-2-yl}methyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzamide;
3-methyl-4-({4-[({2-[methyl(methylsulfonyl)amino]pyrid
in-3-yl}methyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzamide;
3-methyl-4-({4-[({3-[methyI(methylsulfonyl)amino]pyrid
in-2-yl}methyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzamide;
3-methyl-4-({4-[({3-[methyl(methylsulfonyl)amino]pyraz
in-2-yl}methyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzamide;
2-chloro-4-({4-[({2-[methyl(methylsulfonyl)amino]pyrid
in-3-yl}methyl)amino]-5- 



(trifluoromethyl)pyrimidin-2-yl}amino)benzamide;
2-chloro-4-({4-[({3-[methyl(methylsulfonyl)amino]pyrid
in-2-yl}methyl)amino]-5-
(trifIuoromethyl)pyrimidin-2-yl}amino)benzamide;
2-chloro-4-({4-[({3-[methyl(methylsulfonyl)amino]pyraz
in-2-yl}methyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzamide;
3-fluoro-N-methyl-4-({4-[({3-[methyl(methylsulfonyl)am
ino]pyrazin-2-
yl}methyl)amino]-5-(trifluoromethyl)pyrimidin-2-yl}ami
no)benzamide;
2-fIuoro-N-methyl-4-({4-[({3-[methyl(methylsulfonyl)am
ino]pyrazin-2-
yl}methyl)amino]-5-(trifluoromethyl)pyrimidin-2-yl}ami
no)benzamide;
N,2-dimethyl-4-({4-[({3-[methyl(methylsulfopyl)amino]p
yrazin-2-yl}methyl)amino]-
5-(trifluoromethyl)pyrimidin-2-yl}amino)benzamide; N
3-dimethyl-4-({4-[({3-[methyl(methylsulfonyl)amino]pyr
azin-2-yl}methyl)amino]-
5-(trifluoromethyl)pyrimidin-2-yl}amino)benzamide; and
N,3-dimethyl-4-({4-[({2-[methyl(methylsulfonyl)amino]p
yridin-3-yl}methyl)amino]-
5-(trifluoromethyl)pyrimidin-2-yl}amino)benzamide; or
a pharmaceutically acceptable salt thereof.
Non-limiting examples of compounds representing the
scope of this invention also include:
(R)-N-(3-((2-(4-(1-aminoethyl)phenylamino)-5-(trifluor
omethyl)pyrimidin-4-
ylamino)methyl)pyridin-2-yl)-N-methylmethane-sulfonami
de;
N-(3-((2-(4-(aminomethyl)phenylamino)-5-(trifluorometh
yl)pyrimidin-4-
ylamino)methyl)pyridin-2-yl)-N-methylmethane-sulfonami
de;
N-[4-({4-[({2-[methyl(methylsulfonyl)amino]pyridin-3-y
l}methyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzyl]acetamide
;
N-(3-((2-(4-(hydroxymethyl)phenylamino)-5-(trifluorome
thyl)pyrimidin~4-
ylamino)methyl)pyridin-2-yl)-N-methylmethane-sulfonami
de;
N-(3-((2-(4-(chloromethyl)phenylamipo)-5-(trifluoromet
hyl)pyrimidin-4-
ylamino)methyl)pyridin-2-yl)-N-methylmethane-sulfonami
de;
N-(3-((2-(4-((1,3-dihydroxypropan-2-ylamino)methyl)phe
nylamino)-5-
(trifluoromethyl)pyrimidin-4-ylamino)methyl)pyridin-2-
yl)-N-methylmethane-sulfonamide; tert-butyl
3-({4-[({2-[methyl(methylsulfonyl)amino]pyridin-3-yl}m
ethyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzoate;
3-({4-[({2-[methyl(methylsulfonyl)amino]pyridin-3-yl}m
ethyl)amino]-5-
(trifiuoromethyl)pyrimidin-2-yl}amino)benzoic acid;
N-cyclopropyl-3-({4-[({2-[methyl(methylsulfonyl)amino]
pyridin-3-yl}methyl)amino]-
5-(trifluoromethyl)pyrimidin-2-yl}amino)benzamide;
N-(3-((2-(4-(1-hydroxyethyl)phenylamino)-5-(trifIuorom
ethyl)pyrimidin-4-
ylamino)methyl)pyridin-2-yl)-N-methylmethanesulfonarni
de;
2-fIuoro-4-({4-[({2-[methyl(methylsulfonyl)amino]pyrid
i p-3-yl}methyl)amino]-5- (trifluoromethyl)pyrimidi
p-2-yl}amino)benzamide;
3-fluoro-4-({4-[({2-tmethyl(rnethylsulfonyl)amino]pyri
din-3-yl}methyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzamide; and
N-methyl-4-({4-[({3-[methyl(methylsulfonyl)amino]pyraz
in-2-yl}methyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yI}ami po)benzamide; or a
pharmaceutically acceptable salt thereof. Non-limiting
examples of compounds representing the scope of this
invention also include:
2-fluoro-4-({4-[({2-[methyl(methylsulfonyl)amino]pyrid
in-3-yr}methyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzamide;
3-fluoro-4-({4-[({2-[methyl(methylsulfonyl)amino]pyrid
in-3-yl}methyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzamide; and
N-methyl-4-({4-[({3-[methyl(methylsulfonyl)amino]pyraz
in-2-yl}methyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzamide; or a
pharmaceutically acceptable salt thereof. Non-limiting
examples of compounds representing the scope of this
invention also include:
2-fluoro-4-({4-[({2-[methyl(methylsulfonyl)amino]pyrid
in-3-yl}methyl)ami po]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzamide
formate;
3-fluoro-4-({4-[({2-[methyl(methylsulfonyl)amino]pyrid
in-3-yl}methyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzamide
formate; and
N-methyl-4-({4-[({3-[methyl(methylsulfonyl)amino]pyraz
in-2-yl}methyl)amino]-5-
(trifluoromethyl)pyrimidin-2-yl}amino)benzarnide
hydrochloride. As used herein, the term "alkyl," as
well as the alkyl moieties of other groups referred to
herein (e.g., alkoxy), may be linear or branched (such
as methyl, ethyl, npropyl, isopropyl, n-butyl,
iso-butyl, secondary-butyl, tertiary-butyl);
optionally substituted by 1 to 3 suitable substituents
as defined above such as fluoro, chloro,
trifluoromethyl,-(CrC^alkoxy, -(C6-Cio)aryloxy,
trifluoromethoxy, difluoromethoxy or -(CrC 6)alkyl.
The phrase "each of said alkyl" as used herein refers
to any of the preceding alkyl moieties within a group
such alkoxy, alkenyl or alkylamino. Preferred alkyls
include (Ci-C6)alkyl, more preferred are (d-C^alkyl,
and most preferred are methyl and ethyl. As used
herein, the term "halogen" or "halo' includes fluoro,
chloro, bromo or iodo or fluoride, chloride, bromide
or iodide. As used herein, the term "alkenyl" means
straight or branched chain unsaturated radicals of 2
to 6 carbon atoms, including, but not limited to
ethenyl, 1-propepyl, 2- propenyl (allyl),
iso-propenyl, 2-methyl-1-propenyl, 1-butenyl, 2-bute
pyl, and the like; optionally substituted by 1 to 3
suitable substituents as defined above such as fluoro,
chloro, trifluoromethyl, -(CrC Jalkoxy,
-(C6-C10)aryloxy, trifluoromethoxy, difluoromethoxy or
-(Ci-C 6)alkyl. As used herein, the term "alkynyl"
means straight or branched hydrocarbon chain radicals
having one triple bond including, but not limited to,
ethynyl, propynyl, butynyl, and the like; optionally
substituted by 1 to 3 suitable substituents as defined
above such as fluoro, chloro, trifluoromethyl, -(Ci-C
6)alkoxy, -(C6-Cio)aryloxy, trifluoromethoxy,
difluoromethoxy or-(CrC 6)alkyl. As used herein, the
term "carbonyl" or "C(O)" (as used in phrases such as
alkylcarbonyl, alkyl-C(O)- or alkoxycarbonyl) refers
to the joinder of the >C=O moiety to a second moiety
such as an alkyl or amino group (i.e. an amido group).
Alkoxycarbonylamino (i.e. alkoxy-C(O)-NH-) refers to
an alkyl carbamate group. The carbonyl group is also
equivalent^ defined herein as C(O). Alkylcarbonylamino
refers to groups such as acetamide. As used herein,
the term "cycloalkyl" refers to a mono-carbocyclic
ring (e.g., cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl,);
optionally substituted by 1 to 3 suitable substituents
as defined above such as fluoro, chloro,
trifluoromethyl, -(Ci-C 6)alkoxy, -(C6-C10)aryloxy,
trifluoromethoxy, difluoromethoxy or -(Cr C6)alkyl.
Cycloalkyls include -(C3-Cio)cycloalkyl. As used
herein, the term "cycloalkenyl" refers to a cycloalkyl
as defined above and further containing 1 or 2 double
bonds (e.g., cyclopentenyl, cyclohexenyl).
Cycloalkenyls include -(C5-Cio)cycloalkenyl. The term
"4- to 7-membered carbocyclyl" refers to a
non-aromatic ring containing 4 to 7 carbon ring atoms,
optionally containing 1 or 2 double bonds, and
optionally substituted by 1 to 3 suitable substituents
as defined above such as fluoro,
chloro,trifluoromethyl, -(CrCe)alkoxy,
-(C6-Cio)aryloxy, trifluoromethoxy, difluoromethoxy or
-(C1- C6)alkyl. Non-limiting examples of 4- to
7-membered carbocyclyls include cyclopropyl,
cyclobutyl, cyclobutenyl, cyclopentyl, cyclopentenyl,
cyclopentendienyl, cyclohexyl, cyclohexenyl,
cyclohexadienyl, cycloheptyl, cycloheptenyl, and
cycloheptadienyl. As used herein, the term
"bicycloalkyl" refers to a cycloalkyl as defined above
which is bridged to a second carbocyclic ring (e.g.,
bicyclo[2.2.1]heptanyl, bicyclo[3.2.1]octanyl and
bicyclo[5.2.0]nonanyl, etc.). Bicycloalkyls include
-(C - Cio)bicycloalkyl. As used herein, the term
"bicycloalkenyl" refers to a bicycloalkyl as defined
above and further containing 1 or 2 double bonds.
Bicycloalkenyls include -(C - Cio)bicycloalkenyl. As
used herein, the term "(C6-Cio)aryr means aromatic
radicals such as phenyl, naphthyl, tetrahydronaphthyl,
indanyl and the like; optionally substituted by 1 to 3
suitable substituents as defined above. As used
herein, the term "(Ci-C9)heteroaryl" refers to an
aromatic heterocyclic group having from 1 to 9 carbon
atoms and containing from 1 to 4 heteroatoms in the
ring selected from the group consisting of O, S and N.
In addition to said heteroatom, the aromatic group may
optionally have up to four N atoms in the ring. For
example, heteroaryl group includes pyridyl, pyrazinyl,
pyrimidinyl, pyridazinyl, thienyl, furyl, imidazolyl,
pyrrolyl, oxazolyl (e.g., 1,3-oxazolyl, 1,2-oxazolyl),
thiazolyl (e.g., 1,2- thiazolyl, 1,3-thiazolyl),
pyrazolyl, tetrazolyl, triazolyl (e.g.,
1,2,3-triazolyl, 1,2,4-triazolyl), oxadiazolyl (e.g.,
1,2,3-oxadiazolyl), thiadiazolyl (e.g.,
1,3,4-thiadiazolyl), quinolyl, isoquinolyl,
benzothienyl, benzofuryl, indolyl, and the like;
optionally substituted by 1 to 3 suitable substituents
as defined above such as fluoro, chloro,
trifluoromethyl, -(C1- C jalkoxy, -(C6-Cio)aryloxy,
trifluoromethoxy, difluoromethoxy or -(CrC 6)alkyl.
The term "5- to 6-membered heteroaryl ring" refers to
an aromatic ring containing from 1 to 5 carbon atoms
ring atoms and from 1 to 4 hetero ring atoms, and
optionally substituted by 1 to 3 suitable substituents
as defined above such as fluoro, chloro,
trifluoromethyl, -(CrCeJalkoxy, -(C6-Cio)aryloxy,
trifluoromethoxy, difluoromethoxy or -(C1- Ce)alkyl.
Non-limiting examples of 5- to 6-membered heteroaryl
rings include furanyl, pyrrolyl, thiopenyl, thiazolyl,
isothiazolyl, pyrazolyl, oxazoyl, isoxazolyl, pyridyl,
pyrimidyl, pyrazinyl, pyridazinyl, oxadiazoyl,
thiadiazoyl, benzothiazolyl, and benzooxazolyl. As
used herein, the term heteroatom refers to an atom or
group selected from N, O, S(O)q or NR, where q is an
integer from 0 to 2 and R is a substituent group.The
term "(d-Cg heterocycloalkyl" as used herein refers to
a cyclic group containing 1 to 9 carbon atoms and 1 to
4 hetero atoms. Non-limiting examples of said
monocyclic saturated or partially saturated ring
systems are tetrahydrofuran-2-yl, 



tetrahydrofuran-3-yl, imidazolidin-1-yl,
imidazolidin-2-yl, imidazolidin-4-yl, pyrrolidin-1-yl,
pyrrolidin-2-yl, pyrrolidin-3-yl, piperidin-1-yl,
piperidin-2-yl, piperidin-3-yl, piperazin-1-yl,
piperazin-2-yl, piperazin-3-yl, 1,3-oxazolidin-3-yl,
isothiazolidinyl, 1,3-thiazolidin-3-yl,
1,2-pyrazolidin-2-yl, 1,3-pyrazolidin-1 -yl,
thiomorpholin-yl, 1,2-tetrahydrothiazin-2-yl,
1,3-tetrahydrothiazin-3-yl, tetrahydrothiadiazin-yl,
morpholin-yl, 1,2-tetrahydrodiazin-2-yl,
1,3-tetrahydrodiazin-1-yl, 1,4-oxazin-2-yl,
1,2,5-oxathiazin-4-yl and the like; optionally
containing 1 or 2 double bonds and optionally
substituted by 1 to 3 suitable substituents as defined
above such as fluoro, chloro, trifluoromethyl, -(C r
C6)alkoxy, -(C6-Cio)aryloxy, trifluoromethoxy,
difluoromethoxy or -(CrC Jalkyl. As used herein, the
term "heterocycloalkenyl" refers to a heterocycloalkyl
as defined above and further containing 1 or 2 double
bonds. Heterocycloalkenyls include
-(C4-C9)heterocycloalkenyl. The term "4- to 7-membered
heterocyclyl" refers to a non-aromatic ring containing
from 1 to 6 carbon atoms ring atoms and from 1 to 4
hetero ring atoms, optionally containing 1 or 2 double
bonds, and optionally substituted by 1 to 3 suitable
substituents as defined above such as fluoro, chloro,
trifluoromethyl, -(Ci-C 6)alkoxy, -(C6-Cio)aryloxy,
trifluoromethoxy, difluoromethoxy or -(Ci-C 6)alkyl.
Non-limiting examples of 4- to 7- membered
heterocyclyls include azetidinyl, oxetanyl,
pyrrolidinyl, dihyd ropy razo IyI,
tetrahydropyrazolyl, dihydrofuranyl,
tetrahydrofuranyl, dihydrothiophenyl,
tetrahydrothiophenyl, dihydropyridinyl,
tetrahydropyridinyl, piperidinyl, piperazinyl,
pyranyl, dihydropyranyl, tetrahydropyranyl,
thiopyrianyl, dihydrothiopyranyl,
tetrahydrothiopyranyl, morpholinyl, dihydroazepinyl,
tetrahydroazepinyl, dihydrooxepinyl,
tetrahydrooxepinyl, oxepanyl, dihyrothiepinyl,
tetrahydrothiepinyl and thiepanyl. As used herein, the
term "heterobicycloalkyl" refers to a bicycloalkyl as
defined above, wherein at least one of the carbon ring
atoms has been replaced by at least one heteroatom
(e.g. tropane). Heterobicycloalkyls include As used
herein, the term "heterobicycloalkenyl" refers to a
heterobicycloalkyl as defined above and further
containing 1 or 2 double bonds. Heterobicycloalkenyls
include -(C6-Cg)heterocycloalkenyl.Nitrogen
heteroatoms as used herein refers to N=, >N and -NH;
wherein -N= refers to a nitrogen double bond; >N
refers to a nitrogen containing two bond connections
and - N refers to a nitrogen containing one bond. The
term "perfluorinated" or "perfluoro" refer to a
compound having 4 or more fluorine groups. The term
"replaced by" refers to compounds in which an element
selected from the group consisting of -C(O)- and
-C(S)- replaces a methylene moiety in a nonaromatic
cyclic ring system. For example, if a substituent is a
heterocycloalkyl group, such as an azetidine group: a
methylene ring moiety may be replaced by, e.g., a
-C(O)- to form a pyrrolidinone group: Compounds of the
invention can accommodate up to three such
replacements. The present invention also includes
isotopically-labeled compounds, which are identical to
those recited in formulae I Ia, Ib, Ic, Id and II, but
for the fact that one or more atoms are replaced by an
atom having an atomic mass or mass number different
from the atomic mass or mass number usually found in
nature. Examples of isotopes that can be incorporated
into compounds of the invention include isotopes of
hydrogen, carbon, nitrogen, oxygen, phosphorous,
fluorine and chlorine, such as, but not limited to,
2H, 3H, 13C, 14C, 15N, 180 , 170 , 3 1P 32P 35S, 18F,
and 36CI, respectively. Compounds of the present
invention, prodrugs thereof, and pharmaceutically
acceptable salts of said compounds or of said prodrugs
which contain the aforementioned isotopes and/or other
isotopes of other atoms are within the scope of this
invention. Certain isotopicallylabeled compounds of
the present invention, for example those into which
radioactive isotopes such as 3H and 14C are
incorporated, are useful in drug and/or substrate
tissue distribution assays. Tritiated, i.e., 3H, and
carbon-14, i.e., 14C, isotopes are particularly
preferred for their ease of preparation and
detectability. Further, substitution withheavier
isotopes such as deuterium, i.e., 2H, can afford
certain therapeutic advantages resulting from greater
metabolic stability, for example increased in vivo
half-life or reduced dosage requirements and, hence,
may be preferred in some circumstances.
Isotopically-labeled compounds of this invention and
prodrugs thereof can generally be prepared by carrying
out the procedures disclosed in the Schemes and/or in
the Examples and Preparations below, by substituting a
readily available isotopicallylabeled reagent for a
non-isotopically-labeled reagent. The phrase
"pharmaceutically acceptable salt(s)", as used herein,
unless otherwise indicated, includes salts of acidic
or basic groups which may be present in the compounds
of the present invention. The compounds of the present
invention that are basic in nature are capable of
forming a wide variety of salts with various inorganic
and organic acids. The acids that may be used to
prepare pharmaceutically acceptable acid addition
salts of such basic compounds are those that form
non-toxic acid addition salts, i.e., salts containing
pharmacologically acceptable anions, such as the
hydrochloride, hydrobromide, hydroiodide, nitrate,
sulfate, bisulfate, phosphate, acid phosphate,
isonicotinate, acetate, lactate, salicylate, citrate,
acid citrate, tartrate, pantothenate, bitartrate,
ascorbate, succinate, maleate, gentisinate, fumarate,
gluconate, glucuronate, saccharate, formate, benzoate,
glutamate, methanesulfonate, ethanesulfonate,
benzenesulfonate, p-toluenesulfonate and pamoate
[i.e., 1,1'-methylene-bis-(2-hydroxy-3- naphthoate)]
salts. The compounds of the present invention that
include a basic moiety, such as an amino group, may
form pharmaceutically acceptable salts with various
amino acids, in addition to the acids mentioned above.
The invention also relates to base addition salts of
the compounds of the invention. The chemical bases
that may be used as reagents to prepare
pharmaceutically acceptable base salts of those
compounds of the compounds of the invention that are
acidic in nature are those that form non-toxic base
salts with such compounds. Such non toxic base salts
include, but are not limited to those derived from
such pharmacologically acceptable cations such as
alkali metal cations (e.g., potassium and sodium) and
alkaline earth metal cations (e.g., calcium and
magnesium), ammonium or water-soluble amine addition
salts such as N-methylglucamine-(meglumine), and the
lower alkanolammonium and other base salts of
pharmaceutically acceptable organic amines. Suitable
base salts are formed from bases which form non-toxic
salts. Nonlimiting examples of suitable base salts
include the aluminum, arginine, benzathine,calcium,
choline, diethylamine, diolamine, glycine, lysine,
magnesium, meglumine, olamine, potassium, sodium,
tromethamine and zinc salts. Hemisalts of acids and
bases may also be formed, for example, hemisulphate
and hemicalcium salts. For a review on suitable salts,
see Handbook of Pharmaceutical Salts: Properties,
Selection, and Use by Stahl and Wermuth (Wiley-VCH,
2002). Methods for making pharmaceutically acceptable
salts of compounds of the invention are known to one
of skill in the art. This invention also encompasses
compounds of the invention containing protective
groups. One skilled in the art will also appreciate
that compounds of the invention can also be prepared
with certain protecting groups that are useful for
purification or storage and can be removed before
administration to a patient. The protection and
deprotection of functional groups is described in
"Protective Groups in Organic Chemistry", edited by
J.W.F. McOmie, Plenum Press (1973) and "Protective
Groups in Organic Synthesis', 3rd edition, T.W. Greene
and P.G.M. Wuts, Wileylnterscience (1999). The
compounds of this invention include all stereoisomers
(e.g., cis and trans isomers) and all optical isomers
of compounds of the invention (e.g., R and S
enantiomers), as well as racemic, diastereomeric and
other mixtures of such isomers. The compounds, salts
and prodrugs of the present invention can exist in
several tautomeric forms, including the enol and imine
form, and the keto and enamine form and geometric
isomers and mixtures thereof. All such tautomeric
forms are included within the scope of the present
invention. Tautomers exist as mixtures of a tautomeric
set in solution. In solid form, usually one tautomer
predominates. Even though one tautomer may be
described, the present invention includes all
tautomers of the present compounds. The present
invention also includes atropisomers of the present
invention. Atropisomers refer to compounds of the
invention that can be separated into rotationally
restricted isomers. The compounds of this invention
may contain olefin-like double bonds. When such bonds
are present, the compounds of the invention exist as
cis and trans configurations and as mixtures thereof.
The compounds of the invention may also exist in
unsolvated and solvated forms. Accordingly, the
invention also relates to the hydrates and solvates of
the compounds ofthe invention. Thus, it will be
understood that the compounds of formula I, and
pharmaceutically acceptable salts thereof also include
hydrates and solvates of said compounds of formula I ,
and pharmaceutically acceptable salts thereof, as
discussed below. The term "solvate" is used herein to
describe a noncovelent or easily reversible
combination between solvent and solute, or dispersion
means and disperse phase. It will be understood that
the solvate can be in the form of a solid, slurry
(e.g., a suspension or dispersoid), or solution.
Non-limiting examples of solvents include ethanol,
methanol, propanol, acetonitrile, dimethyl ether,
diethyl ether, tetrahydrofuan, methylene chloride, and
water. The term 'hydrate' is employed when said
solvent is water. A currently accepted classification
system for organic hydrates is one that defines
isolated site, channel, or metal-ion coordinated
hydrates - see Polymorphism in Pharmaceutical Solids
by K. R. Morris (Ed. H. G. Brittain, Marcel Dekker,
1995). Isolated site hydrates are ones in which the
water molecules are isolated from direct contact with 



each other by intervening organic molecules. In
channel hydrates, the water molecules lie in lattice
channels where they are next to other water molecules.
In metal-ion coordinated hydrates, the water molecules
are bonded to the metal ion. When the solvent or water
is tightly bound, the complex will have a well-defined
stoichiometry independent of humidity. When, however,
the solvent or water is weakly bound, as in channel
solvates and hygroscopic compounds, the water/solvent
content will be dependent on humidity and drying
conditions. In such cases, non-stoichiometry will be
the norm. The invention also relates to prodrugs of
the compounds of the invention, Thus certain
derivatives of compounds of the invention which may
have little or no pharmacological activity themselves
can, when administered into or onto the body, be
converted into compounds of the invention having the
desired activity, for example, by hydrolytic cleavage.
Such derivatives are referred to as "prodrugs".
Further information on the use of prodrugs may be
found in Pro-drugs as Novel Delivery Systems, Vol. 14,
ACS Symposium Series (T. Higuchi and W. Stella) and
Bioreversible Carriers in Drug Design, Pergamon Press,
1987 (Ed. E . B. Roche, American Pharmaceutical
Association). Prodrugs in accordance with the
invention can, for example, be produced by replacing
appropriate functionalities present in the compounds
of the invention withcertain moieties known to those
skilled in the art as 'pro-moieties' as described, for
example, in Design of Prodrugs by H. Bundgaard
(Elsevier, 1985). Some non-limiting examples of
prodrugs in accordance with the invention include (i)
where the compound of the invention contains a
carboxylic acid functionality (-COOH), an ester
thereof, for example, a compound wherein the hydrogen
of the carboxylic acid functionality of the compound
of formula (I) is replaced by (Ci- Cb)alkyl; (ii)
where the compound of the invention contains an
alcohol functionality (- OH), an ether thereof, for
example, a compound wherein the hydrogen of the
alcohol functionality of the compound of the invention
is replaced by (CrC 6)alkanoyloxymethyl; and (iii)
where the compound of the invention contains a primary
or secondary amino functionality (-NH2 or -NHR where R
H), an amide thereof, for example, a compound wherein,
as the case may be, one or both hydrogen atoms of the
amino functionality of the compound of the invention
is/are replaced by (Cr C6)alkanoyl. Further examples
of replacement groups in accordance with the foregoing
examples and examples of other prodrug types may be
found in the aforementioned references. Moreover,
certain compounds of the invention may themselves act
as prodrugs of other compounds of the invention. Also
included within the scope of the invention are
metabolites of compounds of the invention, that is,
compounds formed in vivo upon administration of the
drug. Some examples of metabolites in accordance with
the invention include: (i) where the compound of the
invention contains a methyl group, an hydroxymethyl
derivative thereof (e.g., -CH3 -> -CH2OH): (ii) where
the compound of the invention contains an alkoxy
group, an hydroxy derivative thereof (e.g., -OR7 ->
-OH); (iii) where the compound of the invention
contains a tertiary amino group, a secondary amino
derivative thereof (e.g., -NR3R4 -> -NHR3 or -NHR 4) ;
(iv) where the compound of the invention contains a
secondary amino group, a primary derivative thereof
(e.g., -NHR3 -> -NH2) ; (v) where the compound of the
invention contains a phenyl moiety, a phenol
derivative thereof (e.g., -Ph -> -PhOH); and(vi) where
the compound of the invention contains an amide group,
a carboxylic acid derivative thereof (e.g., -CONH2 ->
COOH). Compounds of the invention containing one or
more asymmetric carbon atoms can exist as two or more
stereoisomers. Where a compound of the invention
contains an alkenyl or alkenylene group, geometric
cis/trans (or ZIE) isomers are possible. Where
structural isomers are interconvertible via a low
energy barrier, tautomeric isomerism ('tautomerism')
can occur. This can take the form of proton
tautomerism in compounds of the invention containing,
for example, an imino, keto, or oxime group, or
so-called valence tautomerism in compounds which
contain an aromatic moiety. It follows that a single
compound may exhibit more than one type of isomerism.
Included within the scope of the present invention are
all stereoisomers, geometric isomers and tautomeric
forms of the compounds of the invention, including
compounds exhibiting more than one type of isomerism,
and mixtures of one or more thereof. Also included are
acid addition or base salts wherein the counterion is
optically active, for example, d-lactate or l-lysine,
or racemic, for example, dl-tartrate or dlarginine.
Cis/trans isomers may be separated by conventional
techniques well known to those skilled in the art, for
example, chromatography and fractional
crystallization. Conventional techniques for the
preparation/isolation of individual enantiomers
include chiral synthesis from a suitable optically
pure precursor or resolution of the racemate (or the
racemate of a salt or derivative) using, for example,
chiral high pressure liquid chromatography (HPLC).
Alternatively, the racemate (or a racemic precursor)
may be reacted with a suitable optically active
compound, for example, an alcohol, or, in the case
where the compound of the invention contains an acidic
or basic moiety, a base or acid such as 1-
phenylethylamine or tartaric acid. The resulting
diastereomeric mixture may be separated by
chromatography and/or fractional crystallization and
one or both of the diastereoisomers converted to the
corresponding pure enantiomer(s) by means well known
to a skilled person. Chiral compounds of the invention
(and chiral precursors thereof) may be obtained in
enantiomerically-enriched form using chromatography,
typically HPLC, on an asymmetric resin with a mobile
phase consisting of a hydrocarbon, typically heptane
or hexane, containing from 0 to 50% by volume of an
alcoholic solvent such asisopropanol, typically from
2% to 20%, and from 0 to 5% by volume of an
alkylamine, typically 0.1% diethylamine. Concentration
of the eluate affords the enriched mixture. When any
racemate crystallizes, crystals of two different types
are possible. The first type is the racemic compound
(true racemate) referred to above wherein one
homogeneous form of crystal is produced containing
both enantiomers in equimolar amounts. The second type
is the racemic mixture or conglomerate wherein two
forms of crystal are produced in equimolar amounts
each comprising a single enantiomer. While both of the
crystal forms present in a racemic mixture have
identical physical properties, they may have different
physical properties compared to the true racemate.
Racemic mixtures may be separated by conventional
techniques known to those skilled in the art - see,
for example, Stereochemistry of Organic Compounds by
E. L Eliel and S. H. Wilen (Wiley, 1994). In one
embodiment, the invention relates to compositions
comprising a compound of the invention and at least
one additional ingredient (hereinafter "the
compositions of the invention"). It will be understood
that the compositions of the invention will encompass
any combination of the compound of the invention and
the at least one additional ingredient. Non-limiting
examples of the at least one additional ingredient
include impurities (e.g., intermediates present in the
unrefined compounds of the invention), active
ingredients as discussed herein (e.g., an additional
anti-tumor agent), pharmaceutically acceptable
excipients, or one or more solvents (e.g., a -
pharmaceutically acceptable carrier as discussed
herein). The term "solvent" as it relates to the
compositions of the invention includes organic
solvents (e.g., methanol, ethanol, isopropanol, ethyl
acetate, methylene chloride, and tetrahydrofuran) and
water. The one or more solvents may be present in a
non-stoichiometric amount, e.g., as a trace impurity,
or in sufficient excess to dissolve the compound of
the invention. Alternatively, the one or more solvents
may be present in a stoichiometric amount, e.g., 0.5:1
, 1:1 , or 2:1 molar ratio, based on the amount of
compound of the invention. In one embodiment, the at
least one additional ingredient that is present in the
composition of the invention is an organic solvent. In
another embodiment, the at least one additional
ingredient that is present in the composition of the
invention is water. In one embodiment, the at least
one additional ingredient that is present in the
composition of the invention is a pharmaceutically
acceptable carrier.In another embodiment, the at least
one additional ingredient that is present in the
composition of the invention is a pharmaceutically
acceptable excipient. In one embodiment, the
composition of the invention is a solution. In another
embodiment, the composition of the invention is a
suspension. In another embodiment, the composition of
the invention is a solid. In another embodiment, the
composition of the invention comprises an amount of
the compound of the invention effective for treating
abnormal cell growth. In yet another embodiment, the
invention relates to a composition comprising an
effective amount of the compound of the invention, and
a pharmaceutically acceptable carrier. In another
embodiment, the invention relates to a composition
comprising a therapeutically effective amount of the
compound the invention as defined above, a
pharmaceutically acceptable carrier and, optionally,
at least one additional medicinal or pharmaceutical
agents (hereinafter "the pharmaceutical compositions
of the invention"). In a preferred embodiment, the at
least one additional medicinal or pharmaceutical agent
is an anti-cancer agent. In another embodiment, the
invention relates to a composition useful for treating
abnormal cell growth in a mammal comprising an
effective amount of the compound of the invention, and
a pharmaceutically acceptable carrier. 



The invention also relates to methods of making the
compounds of the invention. In one embodiment, the
invention relates to a method for making a compound of
formula I comprising allowing a compound of formula to
react with a compound of formulato provide the
compound of formula I . In another embodiment, the
invention relates to a method for making the compounds
of the invention comprising allowing a compound of
formula to react with a compound of formula When
preparing compounds of the invention in accordance
with the invention, it is open to a person skilled in
the art to routinely select the form of the
intermediate compound which provides the best
combination of features for this purpose. Such
features include the melting point, solubility,
processability and yield of the intermediate form and
the resulting ease with which the product may be
purified on isolation. The invention also relates to
intermediate compounds that are useful for making the
compounds of the invention. In one embodiment, the
invention relates to intermediate compounds having the
formula II: wherein A, K, R1, R and m are as defined
above for the compound of formula I .The invention
also relates to methods for the treatment of abnormal
cell growth in a mammal. In one embodiment, the
invention relates to a method for the treatment of
abnormal cell growth in a mammal comprising
administering to said mammal an amount of a compound
of the invention that is effective in treating
abnormal cell growth. In another embodiment, the
abnormal cell growth is cancer. In another embodiment,
the cancer is selected from the group consisting of
lung cancer, bone cancer, pancreatic cancer, skin
cancer, cancer of the head or neck, cutaneous or
intraocular melanoma, uterine cancer, ovarian cancer,
rectal cancer, cancer of the anal region, stomach
cancer, colon cancer, breast cancer, uterine cancer,
carcinoma of the fallopian tubes, carcinoma of the
endometrium, carcinoma of the cervix, carcinoma of the
vagina, carcinoma of the vulva, Hodgkin's disease,
cancer of the esophagus, cancer of the small
intestine, cancer of the endocrine system, cancer of
the thyroid gland, cancer of the parathyroid gland,
cancer of the adrenal gland, sarcoma of soft tissue,
cancer of the urethra, cancer of the penis, prostate
cancer, chronic or acute leukemia, lymphocytic
lymphomas, cancer of the bladder, cancer of the kidney
or ureter, renal cell carcinoma, carcinoma of the
renal pelvis, neoplasms of the central nervous system
(CNS), primary CNS lymphoma, spinal axis tumors, brain
stem glioma, pituitary adenoma, or a combination of
one or more of the foregoing cancers. The invention
also relates to methods for the treatment of cancer
solid tumors in a mammal. In one embodiment, the
invention relates to the treatment of cancer solid
tumor in a mammal comprising administering to said
mammal an amount of a compound of the invention that
is effective in treating said cancer solid tumor. In
another embodiment, the cancer solid tumor is breast,
lung, colon, brain, prostate, stomach, pancreatic,
ovarian, skin (melanoma), endocrine, uterine,
testicular, or bladder. In another embodiment, the
invention relates to a method for the treatment of
abnormal cell growth in a mammal which comprises
administering to said mammal an amount of a compound
of the invention that is effective in treating
abnormal cell growth in combination with an anti-tumor
agent selected from the group consisting of mitotic
inhibitors, alkylating agents, anti-metabolites,
intercalating antibiotics, growth factor inhibitors,
radiation, cell cycle inhibitors, enzymes,
topoisomerase inhibitors, biological response
modifiers, antibodies, cytotoxics, anti-hormones, and
anti-androgens. A particular aspect of this invention
is directed to methods for treating or preventing a
condition that presents with low bone mass in a mammal
(including ahuman being) which comprise administering
to a mammal in need of such treatment a condition that
presents with low bone mass treating amount of a
compound of the invention or a pharmaceutically
acceptable salt of said compound of the invention.
This invention is particularly directed to such
methods wherein the condition that presents with low
bone mass is osteoporosis, frailty, an osteoporotic
fracture, a bone defect, childhood idiopathic bone
loss, alveolar bone loss, mandibular bone loss, bone
fracture, osteotomy, periodontitis or prosthetic
ingrowth. A particular aspect of this invention is
directed to methods for treating osteoporosis in a
mammal (including a human being) which comprise
administering to a mammal in need of such treatment an
osteoporosis treating amount of a compound of the
invention or a pharmaceutically acceptable salt of
said compound. Another aspect of this invention is
directed to methods for treating a bone fracture or an
osteoporotic fracture in a mammal which comprise
administering to a mammal in need of such treatment a
bone fracture treating or an osteoporotic fracture
treating amount of a compound of the invention or a
pharmaceutically acceptable salt of said compound. The
term "osteoporosis" includes primary osteoporosis,
such as senile, postmenopausal and juvenile
osteoporosis, as well as secondary osteoporosis, such
as osteoporosis due to hyperthyroidism or Cushing
syndrome (due to corticosteroid use), acromegaly,
hypogonadism, dysosteogenesis and hypophospatasemia.
Detailed Description of the Invention Synthesis of
2,4-Diamino Pyrimidines The compounds of the invention
can be prepared by the following general methods and
by methods described in detail in the Experimental
Section. Non-limiting methods for making the sulfonyl
amides of the invention are depicted in Schemes 1 -6
below. For sake of clarity, only the pyrimidine
derivatives of the compounds of formula I are depicted
in the Schemes (i.e., where K of the compound of
formula I is CH). However, the same methods can be
used for making the 1,2,4-triazine derivatives
compounds of formula I (i.e., where K is N). Scheme 1
shows one method for preparing 2,4-diamino
pyrimidines.Scheme 1 A1-4 A1-5 Deprotection In Scheme
1, the amino group of an amino-nitroaryl compound of
structure A1-1 is protected (PG = protecting group
such as BOC) to form the protected compound A1- 2. The
nitro group of A1-2 can then be selectively reduced to
the corresponding aniline A1-3, using, e.g., hydrogen
in the presence of a palladium-supported catalyst.
Reaction of aniline A1-3 with
2,4-dichloro-5-(trifluoromethyi)pyrirnidine in the
presence of an appropriate zinc salt (e.g., ZnBr2)
provides the corresponding C-2 addition product A1-4.
Reaction of compounds of formula A1-4 with amines of
formula A1-7 under basic conditions provides compound
of formula I having the structure A1-5. Other
compounds of formula I can be prepared by selectively
deprotecting A1-5 to provide the aminoalkyl compound
of formula I having the structure A1-6. Scheme 2
depicts a non-limiting method for making amide
derivatives of the compound of formula I.Scheme 2 A1-6
A2-1 In Scheme 2, an aminoalkyl such as the compound
of formula I having the structure A1-6 can be reacted
with an acid halide (e.g., acetyl chloride) under
basic conditions to provide the amide derivative of
the compound of formula I having the structure A2-1 .
Scheme 3 represents another general non-limiting
method of making compounds of formula I. Scheme 3 In
Scheme 3, an hydroxyalkyl-aniline of formula A3-1 is
reacted with 2,4-dichloro- 5-(trifluoromethyl)
pyrimidine in the presence of a zinc salt (e.g ,
ZnBr2) to provide the corresponding C-2 addition
product A3-2. Treatment of the A3-2 with an amine of
formula A3-6 provides hydroxyalkyl derivatives of the
compound of formula I having the structure A3-3.
Compound A3-3 may further be selectively converted to
a compound of formula I where the hydroxyl group is
replaced for another reactive functional group (e.g.,
alkyl halide or alkyl sulfonate). For example, in
Scheme 3 , the hydroxylalkylcompound of formula A3-3
is reacted with thionyl chloride to provide the
chloroalkyl compound of formula I having the structure
A3-4. Compound A3-4 may further be reacted with amines
(e.g., HNR7R8) to provide aminoalkyl derivatives of
the compounds of formula I having the structure A3-5.
If desired, the compounds of structure A3-5 can be
used as a starting material to prepare other compounds
of formula I. Scheme 4 represents yet another general
non-limiting method for making compounds of formula I.
Scheme 4 A4-4 A4-5 Re-Functionalize A4-6 A4-6 In
Scheme 4, the acid group of a nitrobenzoate compound
of structure A4-1 is protected to form the protected
compound A4-2. The nitro group of A4-2 can then be
selectively reduced to the corresponding aniline A4-3,
using, e.g., hydrogen in the presence of a
palladium-supported catalyst. Reaction of aniline A4-3
with 2,4-dichloro- 5-(trifluoromethyl)pyrimidine in
the presence of an appropriate zinc salt (e.g., ZnBr2)
provides the corresponding C-2 addition product A4-4.
Treatment of the chloropyrimidine compounds of formula
A4-4 with amines of formula A4-7 provides
benzoateprotected compounds of formula I having the
structure A4-5. Selective deprotection ofcompound A4-5
can provide benzoic acid derivatives of the compound
of formula I having the structure A4-6. The benzoic
acid derivatives of formula A4-6 may be further
reacted with an amine to provide the amide derivatives
of the compound of formula I having the structure
A4-6. Scheme 5 depicts yet another general
non-limiting method for making compounds of formula I.
Scheme 5 A5-1 A5-2 A5-4 



In Scheme 5, an aniline amide compound of structure
A5-1 is be reacted with
2,4-dichloro-5-(trifluoromethyl)pyrimidine in the
presence of a zinc salt (e.g., ZnBr ) to provide the
corresponding C-2 addition product A5-2. Treatment of
the chloro pyrimidine compounds of formula A5-2 with
an amine of formula A5-3 provides amide derivatives of
the compounds of formula I having the structure A5-4.
The amide derivatives of formula A5-4 may be used as a
starting material to provide other compounds of
formula I . In Schemes 1 and 3-5, the
2,4-dichloro-5-(trifluoromethyl)pyrimidine first
formed a C-2 addition product ("the C4-chloro
intermediate"). The C-4 group was then added by
allowing the C4-chloro intermediate to react with an
aralkylamino reagent. Scheme 6 depicts another
non-limiting method for making the compounds of the
invention where the first formed intermediate is the
C-4 addition intermediate ("the C2-chloro
intermediate").Scheme 6 A6-5 A6-6 In Scheme 6,
2,4-dichloro-5-(trifluoromethyl)pyrimidine is reacted
with an aralkylamino reagent of formula A6-2 to
provide the 2-chloro-pyrimidine addition product A6-3.
Reaction of A6-3 with an amino reagent of formula A6-4
provides the compound of formula I having the
structure A6-5. Depending on the substituent groups
R1, the compounds of formula A6-5 can be further
reacted as described above in Schemes 1-5 to provide
additional compounds of formula I . Arylalkylamines or
heteroarylalkylamines (e.g., A1-7 in Scheme 1) that
are attached to the 4 position of the pyrimidine core
(or the 5 position of the 1,2,4-triazine core) may be
prepared from the corresponding nitrile by catalytic
hydrogenation using catalysts such as Pd/C or Raney
Nickel or by lithium aluminum hydride reduction, (see
Rylander, Catalytic Hydrogenation in Organic
Synthesis, Academic Press, 1979); or by methods
described herein in the Examples section. The nitrile
starting materials can be either purchased or prepared
from the corresponding aryl/heteroaryl bromide, iodide
or triflate and Zn(CN) 2 using Pd coupling conditions
found in Tschaen, D. M., et. al Synthetic
Communications (1994), 24, 6, pp 887-890. CH3 3 ,
N-SO2CH3 Zn(CN)2/ Pd NC. N-SO2CH3 Inert
SolventAppropriately protected amines may be converted
to different amines of formula A1-7 (see Scheme 1)
according to methods familiar to those skilled in the
art as, for example, N-alkylation of a sulfanilide
under phase transfer using conditions as described by
Brehme, R. "Synthesis", (1976), pp1 13-1 14. CH3 As
understood by those skilled in the art, the chemical
transformation to convert an aryl halide ortriflate or
heteroaryl halide or triflate to an aromatic or
heteroaromatic amine may be carried out using
conditions currently outlined in the literature, see
Hartwig, J. F.: "Angew. Chem. Int. Ed." (1998), 37,
pp. 2046-2067, Wolfe, J. P.; Wagaw, S.; Marcoux, J.
F.; Buchwald, S.L.; "Ace. Chem. Res.", (1998), 31, pp
805-818, Wolfe, J. P.; Buchwald, S.L; "J. Org. Chem.",
(2000), 65, pp 1144-1157, Muci, A. R.; Buchwald, S.
L.; "Topics in Current Chemistry" (2002), pp1 31-209
and references cited therein. Further, as understood
by those skilled in the art, these same aryl or
heteroaryl amination chemical transformations may
alternatively be carried out on nitrile or primary
amide) precursors which provide amines after nitrile
(or amide) reduction. Other methods for making the
intermediate compounds (e.g. A1-7 in Scheme 1) can be
found in U.S. Patent Appl. Publ. No. 20040220177, U.S.
Patent No. 7,109,335, U.S. Patent No. 7,10,9,337, and
PCT/IB2006/003349, the entire contents of each of the
foregoing references being expressly incorporated
herein by reference. As noted above, amines comprising
the ring moiety A (e.g., A6-4 in Scheme 6) are
attached to the 2 position of the pyrimidine core (or
the 3 position of the 1,2,4-triazine core). Such
amino-ring groups are commercially available or can be
made by methods known to those skill in the art. For
example, amines comprising alkyl-, hydroxyl-,
carboxyl-, and halo-substituted ring moieties are
commercially available. In addition, certain of these
commercially available amines such as, e.g., the halo-
and hydroxylsubstituted ring compounds, can be reacted
to form other compounds of the invention using the
methods described above, in the Examples section, or
known to those skilled in the art. Such reactions can
be carried out prior to the reaction with pyrimidine
core. Alternatively, such reactions can be carried out
after the cyclic amine is attached to the C2 position
of the pyrimidine core.This invention also relates to
a method for the treatment of abnormal cell growth in
a mammal, including a human, comprising administering
to said mammal an amount of a compound of the
invention, as defined above, or a pharmaceutically
acceptable salt, solvate or prodrug thereof, that is
effective in treating abnormal cell growth. In one
embodiment of this method, the abnormal cell growth is
cancer, including, but not limited to, lung cancer,
bone cancer, pancreatic cancer, skin cancer, cancer of
the head or neck, cutaneous or intraocular melanoma,
uterine cancer, ovarian cancer, rectal cancer, cancer
of the anal region, stomach cancer, colon cancer,
breast cancer, uterine cancer, carcinoma of the
fallopian tubes, carcinoma of the endometrium,
carcinoma of the cervix, carcinoma of the vagina,
carcinoma of the vulva, Hodgkin's Disease, cancer of
the esophagus, cancer of the small intestine, cancer
of the endocrine system, cancer of the thyroid gland,
cancer of the parathyroid gland, cancer of the adrenal
gland, sarcoma of soft tissue, cancer of the urethra,
cancer of the penis, prostate cancer, chronic or acute
leukemia, lymphocytic lymphomas, cancer of the
bladder, cancer of the kidney or ureter, renal cell
carcinoma, carcinoma of the renal pelvis, neoplasms of
the central nervous system (CNS), primary CNS
lymphoma, spinal axis tumors, brain stem glioma,
pituitary adenoma, or a combination of one or more of
the foregoing cancers. In one embodiment the method
comprises comprising administering to a mammal an
amount of a compound of the invention that is
effective in treating said cancer solid tumor. In one
preferred embodiment the solid tumor is breast, lung,
colon, brain, prostate, stomach, pancreatic, ovarian,
skin (melanoma), endocrine, uterine, testicular, and
bladder cancer. In another embodiment of said method,
said abnormal cell growth is a benign proliferative
disease, including, but not limited to, psoriasis,
benign prostatic hypertrophy or restinosis. This
invention also relates to a method for the treatment
of abnormal cell growth in a mammal which comprises
administering to said mammal an amount of a compound
of the invention, or a pharmaceutically acceptable
salt, solvate or prodrug thereof, that is effective in
treating abnormal cell growth in combination with an
anti-tumor agent selected from the group consisting of
mitotic inhibitors, alkylating agents, anti
metabolites, intercalating antibiotics, growth factor
inhibitors, cell cycle inhibitors, enzymes,
topoisomerase inhibitors, biological response
modifiers, antibodies, cytotoxics, anti-hormones, and
anti-androgens.This invention also relates to a
pharmaceutical composition for the treatment of
abnormal cell growth in a mammal, including a human,
comprising an amount of a compound of the invention,
as defined above, or a pharmaceutically acceptable
salt, solvate or prodrug thereof, that is effective in
treating abnormal cell growth, and a pharmaceutically
acceptable carrier. In one embodiment of said
composition, said abnormal cell growth is cancer,
including, but not limited to, lung cancer, bone
cancer, pancreatic cancer, skin cancer, cancer of the
head or neck, cutaneous or intraocular melanoma,
uterine cancer, ovarian cancer, rectal cancer, cancer
of the anal region, stomach cancer, colon cancer,
breast cancer, uterine cancer, carcinoma of the
fallopian tubes, carcinoma of the endometrium,
carcinoma of the cervix, carcinoma of the vagina,
carcinoma of the vulva, Hodgkin's Disease, cancer of
the esophagus, cancer of the small intestine, cancer
of the endocrine system, cancer of the thyroid gland,
cancer of the parathyroid gland, cancer of the adrenal
gland, sarcoma of soft tissue, cancer of the urethra,
cancer of the penis, prostate cancer, chronic or acute
leukemia, lymphocytic lymphomas, cancer of the
bladder, cancer of the kidney or ureter, renal cell
carcinoma, carcinoma of the renal pelvis, neoplasms of
the central nervous system (CNS), primary CNS
lymphoma, spinal axis tumors, brain stem glioma,
pituitary adenoma, or a combination of one or more of
the foregoing cancers. In another embodiment of said
pharmaceutical composition, said abnormal cell growth
is a benign proliferative disease, including, but not
limited to, psoriasis, benign prostatic hypertrophy or
restinosis. The invention also contemplates a
pharmaceutical composition for treating abnormal cell
growth wherein the composition includes a compound of
the invention, as defined above, or a pharmaceutically
acceptable salt, solvate or prodrug thereof, that is
effective in treating abnormal cell growth, and
another anti-tumor agent selected from the group
consisting of mitotic inhibitors, alkylating agents,
anti-metabolites, intercalating antibiotics, growth
factor inhibitors, cell cycle inhibitors, enzymes,
topoisomerase inhibitors, biological response
modifiers, antibodies, cytotoxics, anti-hormones, and
antiandrogens. This invention also relates to a method
for the treatment of a disorder associated with
angiogenesis in a mammal, including a human,
comprising administering to said mammal an amount of a
compound of the invention, as defined above, or a
pharmaceutically acceptable salt, solvate or prodrug
thereof, that is effective in treating said disorder
in combination with one or more anti-tumor agents
listed above. Such disorders include cancerous tumors
such as melanoma; ocular disorders such as agerelated
macular degeneration, presumed ocular histoplasmosis
syndrome, and retinal neovascularization from
proliferative diabetic retinopathy; rheumatoid
arthritis; bone loss disorders such as osteoporosis,
Paget's disease, humoral hypercalcemia of malignancy,
hypercalcemia from tumors metastatic to bone, and
osteoporosis induced by glucocorticoid treatment;
coronary restenosis; and certain microbial infections
including those associated with microbial pathogens
selected from adenovirus, hantaviruses, Borrelia
burgdorferi, Yersinia spp., Bordetella pertussis, and
group A Streptococcus. This invention also relates to
a method of (and to a composition for) treating 



abnormal cell growth in a mammal which comprise an
amount of a compound of the invention, or a
pharmaceutically acceptable salt, solvate or prodrug
thereof, in combination with an amount of one or more
substances selected from anti-angiogenesis agents,
signal transduction inhibitors, and antiproliferative
agents, which amounts are together effective in
treating said abnormal cell growth. Anti-angiogenesis
agents, such as MMP-2 (matrix-metalloprotienase 2)
inhibitors, MMP-9 (matrix-metalloprotienase 9)
inhibitors, and COX-II (cyclooxygenase II) inhibitors,
can be used in conjunction with a compound of the
invention in the methods and pharmaceutical
compositions described herein. Examples of useful
COX-II inhibitors include CELEBREX(tm) (celecoxib),
Bextra (valdecoxib), paracoxib, Vioxx (rofecoxib), and
Arcoxia (etoricoxib). Examples of useful matrix
metalloproteinase inhibitors are described in WO
96/331 72 (published October 24, 1996), WO 96/27583
(published March 7, 1996), European Patent Publication
No. EP0818442, European Patent Publication No. EP1
004578, WO 98/07697 (published February 26, 1998), WO
98/03516 (published January 29, 1998), WO 98/34918
(published August 13, 1998), WO 98/34915 (published
August 13, 1998), WO 98/33768 (published August 6,
1998), WO 98/30566 (published July 16, 1998), European
Patent Publication 606,046 (published July 13, 1994),
European Patent Publication 931 ,788 (published July
28, 1999), WO 90/05719 (published May 331, 1990), WO
99/52910 (published October 21, 1999), WO 99/52889
(published October 2 1, 1999), WO 99/29667 (published
June 17, 1999), PCT International Publication No.
WO99/007675, European Patent Application No.
99302232.1 (filed March 25, 1999), Great Britain
patent application number 9912961 .1 (filed June 3,
1999), United States Patent No. 7,030,242, United
States Patent No. 5,863,949 (issued January 26, 1999),
United States Patent No. 5,861,510 (issued January 19,
1999), and European Patent Publication 780,386
(published June 25, 1997), all of which are herein
incorporated by reference in their entirety. Preferred
MMP-2 andMMP-9 inhibitors are those that have little
or no activity inhibiting MMP-1 . More preferred, are
those that selectively inhibit MMP-2 and/or MMP-9
relative to the other matrixmetalloproteinases (i.e.
MMP-1, MMP-3, MMP-4, MMP-5, MMP-6, MMP-7, MMP-8, MMP-
10, MMP-1 1, MMP-12, and MMP-1 3). Some specific
examples of MMP inhibitors useful in combination with
the compounds of the present invention are AG-3340, RO
32-3555, RS 13-0830, and the compounds recited in the
following list:
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-hydroxyca
rbamoyl-cyclopentyl)- aminoj-propionic acid;
3-exo-3-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-8-
oxa-bicyclo[3.2.1]octane- 3-carboxylic acid
hydroxyamide; (2R, 3R)
1-[4-(2-chloro-4-fiuoro-benzyloxy)-benzenesulfonyl]-3-
hydroxy-3-methylpiperidine- 2-carboxylic acid
hydroxyamide;
4-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-tetrahyd
ro-pyran-4-carboxylic acid hydroxyamide;
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-hydroxyca
rbamoyl-cyclobutyl)- aminoj-propionic acid;
4-[4-(4-chloro-phenoxy)-benzenesulfonylamino]-tetrahyd
ro-pyran-4-carboxylic acid hydroxyamide;
3-[4-(4-chloro-phenoxy)-benzenesulfonylamino]-tetrahyd
ro-pyran-3-carboxylic acid hydroxyamide; (2R, 3R)
1-[4-(4-fluoro-2-methyl-benzyloxy)-benzenesulfonyl]-3-
hydroxy-3- methyl-piperidine-2-carboxylic acid
hydroxyamide;
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-hydroxyca
rbamoyl-1-methyl-ethyl)- amino]-propionic acid;
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(4-hydroxyca
rbamoyl-tetrahydro-pyran- 4-yl)-amino]-propionic acid;
3-exo-3-[4-(4-chloro-phenoxy)-benzenesulfonylamino]-8-
oxabicyclo[ 3.2.1]octane-3-carboxylic acid
hydroxyamide;
3-endo-3-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-8
-oxabicyclo[ 3.2.1]octane-3-carboxylic acid
hydroxyamide; and
3-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-tetrahyd
ro-furan-3-carboxylic acid hydroxyamide;and
pharmaceutically acceptable salts, solvates and
prodrugs of said compounds. VEGF inhibitors, for
example, SU-1 1248, SU-5416 and SU-6668 {Sugen Inc. of
South San Francisco, California, USA), can also be
combined with a compound of the invention. VEGF
inhibitors are described in, for example in WO
99/24440 (published May 20, 1999), PCT International
Application PCT/IB99/00797 (filed May 3, 1999), in WO
95/21613 (published August 17, 1995), WO 99/61422
(published December 2, 1999), United States Patent
5,834,504 (issued November 10, 1998), WO 98/50356
(published November 12, 1998), United States Patent
5,883,113 (issued March 16, 1999), United States
Patent 5,886,020 (issued March 23, 1999), United
States Patent 5,792,783 (issued August 11, 1998), U.S.
Patent No. US 6,653,308 (issued November 25, 2003), WO
99/10349 (published March 4, 1999), WO 97/32856
(published September 12, 1997), WO 97/22596 (published
June 26, 1997), WO 98/54093 (published December 3,
1998), WO 98/02438 (published January 22, 1998), WO
99/16755 (published April 8, 1999), and WO 98/02437
(published January 22, 1998), all of which are herein
incorporated by reference in their entirety. Other
examples of some specific VEGF inhibitors are IM862
(Cytran Inc. of Kirkland, Washington, USA); Avastin,
an anti-VEGF monoclonal antibody of Genentech, Inc. of
South San Francisco, California; and angiozyme, a
synthetic ribozyme from Ribozyme (Boulder, Colorado)
and Chiron (Emeryville, California). ErbB2 receptor
inhibitors, such as GW-282974 (Glaxo Wellcome pic),
and the monoclonal antibodies AR-209 (Aronex
Pharmaceuticals Inc. of The Woodlands, Texas, USA) and
2B-1 (Chiron), may be administered in combination with
a compound of the invention. Such erbB2 inhibitors
include Herceptin, 2C4, and pertuzumab. Such erbB2
inhibitors include those described in WO 98/02434
(published January 22, 1998), WO 99/35146 (published
July 15, 1999), WO 99/35132 (published July 15, 1999),
WO 98/02437 (published January 22, 1998), WO 97/13760
(published April 17, 1997), WO 95/19970 (published
July 27, 1995), United States Patent 5,587,458 (issued
December 24, 1996), and United States Patent 5,877,305
(issued March 2, 1999), each of which is herein
incorporated by reference in its entirety. ErbB2
receptor inhibitors useful in the present invention
are also described in United States Patent No.
6,465,449, and in United States Patent No. 6,284,764,
both of which are herein incorporated by reference in
their entirety. Other erbb2 receptor inhibitors
include TAK- 165 (Takeda) and GW- 572016
(Glaxo-Wellcome).Various other compounds, such as
styrene derivatives, have also been shown to possess
tyrosine kinase inhibitory properties, and some of
tyrosine kinase inhibitors have been identified as
erbB2 receptor inhibitors. More recently, five
European patent publications, namely EP 0 566 226 A 1
(published October 20, 1993), EP 0 602 851 A 1
(published June 22, 1994), EP 0 635 507 A 1 (published
January 25, 1995), EP 0 635 498 A 1 (published January
25, 1995), and EP 0 520 722 A 1 (published December
30, 1992), refer to certain bicyclic derivatives, in
particular quinazoline derivatives, as possessing
anti-cancer properties that result from their tyrosine
kinase inhibitory properties. Also, World Patent
Application WO 92/20642 (published November 26, 1992),
refers to certain bis-mono and bicyclic aryl and
heteroaryl compounds as tyrosine kinase inhibitors
that are useful in inhibiting abnormal cell
proliferation. World Patent Applications WO96/16960
(published June 6, 1996), WO 96/09294 (published March
6, 1996), WO 97/30034 (published August 21, 1997), WO
98/02434 (published January 22, 1998), WO 98/02437
(published January 22, 1998), and WO 98/02438
(published January 22, 1998), also refer to
substituted bicyclic heteroaromatic derivatives as
tyrosine kinase inhibitors that are useful for the
same purpose. Other patent applications that refer to
anti-cancer compounds are World Patent Application
WO00/44728 (published August 3, 2000), EP 1029853A1
(published August 23, 2000), and WO01/98277 (published
December 12, 2001) all of which are incorporated
herein by reference in their entirety. Other
antiproliferative agents that may be used with the
compounds of the present invention include inhibitors
of the enzyme farnesyl protein transferase and
inhibitors of the receptor tyrosine kinase PDGFr,
including the compounds disclosed and claimed in the
following United States patent applications: 09/221946
(filed December 28, 1998); 09/454058 (filed December
2, 1999); 09/501 163 (filed February 9, 2000);
09/539930 (filed March 31, 2000); 09/202796 (filed May
22, 1997); 09/384339 (filed August 26, 1999); and
09/383755 (filed August 26, 1999); and the compounds
disclosed and claimed in the following United States
provisional patent applications: 60/168207 (filed
November 30, 1999); 60/1 701 19 (filed December 10,
1999); 60/177718 (filed January 21, 2000); 60/168217
(filed November 30, 1999), and 60/200834 (filed May 1,
2000). Each of the foregoing patent applications and
provisional patent applications is herein incorporated
by reference in their entirety. A compound of the
invention may also be used with other agents useful in
treating abnormal cell growth or cancer, including,
but not limited to, agents capable ofenhancing
antitumor immune responses, such as CTLA4 (cytotoxic
lymphocyte antigen 4) antibodies, and other agents
capable of blocking CTLA4; and antiproliferative
agents such as other farnesyl protein transferase
inhibitors, for example the farnesyl protein
transferase inhibitors described in the references
cited in the "Background" section, supra. Specific
CTLA4 antibodies that can be used in the present
invention include those described in United States
Provisional Application 60/113,647 (filed December 23,
1998) which is herein incorporated by reference in its
entirety. A compound of formula I may be applied as a
sole therapy or may involve one or more other
anti-tumor substances, for example those selected
from, for example, mitotic inhibitors, for example
vinblastine; alkylating agents, for example
cis-platin, oxaliplatin, carboplatin and
cyclophosphamide; anti-metabolites, for example
5-fluorouracil, 



capecitabine, cytosine arabinoside and hydroxyurea,
or, for example, one of the preferred anti-metabolites
disclosed in European Patent Application No. 239362
such as N-(5-[N-
(3,4-dihydro-2-methyl-4-oxoquinazolin-6-ylmethyl)-N-me
thylamino]-2-thenoyl)-L-glutamic acid; growth factor
inhibitors; cell cycle inhibitors; intercalating
antibiotics, for example adriamycin and bleomycin;
enzymes, for example interferon; and anti-hormones,
for example anti-estrogens such as Nolvadex
(tamoxifen) or, for example anti-androgens such as
Casodex
(4'-cyano-3-(4-fluorophenylsulphonyl)-2-hydroxy-2-meth
yl-3'- (trifluoromethyl)propionanilide). The compounds
of the present invention may be used alone or in
combination with one or more of a variety of
anti-cancer agents or supportive care agents. For
example, the compounds of the present invention may be
used with cytotoxic agents, e.g., one or more selected
from the group consisting of a camptothecin,
irinotecan HCI (Camptosar), edotecarin, SU-11248,
epirubicin (Ellence), docetaxel (Taxotere),
paclitaxel, rituximab (Rituxan) bevacizumab (Avastin),
imatinib mesylate (Gleevac), Erbitux, gefitinib
(Iressa), and combinations thereof. The invention also
contemplates the use of the compounds of the present
invention together with hormonal therapy, e.g.,
exemestane (Aromasin), Lupron, anastrozole (Arimidex),
tamoxifen citrate (Nolvadex), Trelstar, and
combinations thereof. Further, the invention provides
a compound of the present invention alone or in
combination with one or more supportive care products,
e.g., a product selected from the group consisting of
Filgrastim (Neupogen), ondansetron (Zofran), Fragmin,
Procrit, Aloxi, Emend, or combinations thereof. Such
conjoint treatment may be achieved by way of the
simultaneous, sequential or separate dosing of the
individual components of the treatment.The compounds
of the invention may be used with antitumor agents,
alkylating agents, antimetabolites, antibiotics,
plant-derived antitumor agents, camptothecin
derivatives, tyrosine kinase inhibitors, antibodies,
interferons, and/or biological response modifiers. In
this regard, the following is a non-limiting list of
examples of secondary agents that may be used with the
compounds of the invention.  Alkylating agents
include, but are not limited to, nitrogen mustard
N-oxide, cyclophosphamide, ifosfamide, melphalan,
busulfan, mitobronitol, carboquone, thiotepa,
ranimustine, nimustine, temozolomide, AMD-473,
altretamine, AP-5280, apaziquone, brostallicin,
bendamustine, carmustine, estramustine, fotemustine,
glufosfamide, ifosfamide, KW-2170, mafosfamide, and
mitolactol; platinum-coordinated alkylating compounds
include but are not limited to, cisplatin,
carboplatin, eptaplatin, lobaplatin, nedaplatin,
oxaliplatin or satrplatin;  Antimetabolites include
but are not limited to, methotrexate, 6-
mercaptopurine riboside, mercaptopurine,
5-fluorouracil (5-FU) alone or in combination with
leucovorin, tegafur, UFT, doxifluridine, carmofur,
cytarabine, cytarabine ocfosfate, enocitabine, S-1,
gemcitabine, fludarabin, 5-azacitidine, capecitabine,
cladribine, clofarabine, decitabine, eflornithine,
ethynylcytidine, cytosine arabinoside, hydroxyurea,
TS-1 , melphalan, nelarabine, nolatrexed, ocfosfate,
disodium premetrexed, pentostatin, pelitrexol,
raltitrexed, triapine, trimetrexate, vidarabine,
vincristine, vinorelbine; or for example, one of the
preferred anti-metabolites disclosed in European
Patent Application No. 239362 such as
N-(5-[N-(3,4-dihydro-2-methyl-4-oxoquinazolin-6-ylmeth
yl)-Nmethylamino]- 2-thenoyl)-L-glutamic acid;
Antibiotics include but are not limited to:
aclarubicin, actinomycin D, amrubicin, annamycin,
bleomycin, daunorubicin, doxorubicin, elsamitrucin,
epirubicin, galarubicin, idarubicin, mitomycin C,
nemorubicin, neocarzinostatin, peplomycin,
pirarubicin, rebeccamycin, stimalamer, streptozocin,
valrubicin or zinostatin;  Hormonal therapy agents,
e.g., exemestane (Aromasin), Lupron, anastrozole
(Arimidex), doxercalciferol, fadrozole, formestane,
anti-estrogens such as tamoxifen citrate (Nolvadex)
and fulvestrant, Trelstar, toremifene, raloxifene,
lasofoxifene, letrozole (Femara), or anti-androgens
such as bicalutamide, flutamide, mifepristone,
nilutamide, Casodex(r)
(4'-cyano-3-(4-fluorophenylsulphonyl)-2-hydroxy-2-
methyl-3'-(trifluoromethyl)propionanilide) and
combinations thereof;  Plant derived anti-tumor
substances include for example those selected from
mitotic inhibitors, for example vinblastine, docetaxel
(Taxotere) and paclitaxel; Cytotoxic topoisomerase
inhibiting agents include one or more agents selected
from the group consisting of aclarubicin, amonafide,
belotecan, camptothecin, 10-hydroxycamptothecin,
9-aminocamptothecin, diflomotecan, irinotecan HCI
(Camptosar), edotecarin, epirubicin (Ellence),
etoposide, exatecan, gimatecan, lurtotecan,
mitoxantrone, pirarubicin, pixantrone, rubitecan,
sobuzoxane, SN-38, tafluposide, and topotecan, and
combinations thereof;  Immunologicals include
interferons and numerous other immune enhancing
agents. Interferons include interferon alpha,
interferon alpha-2a, interferon, alpha-2b, interferon
beta, interferon gamma-1a or interferon gamma-n1.
Other agents include filgrastim, lentinan, sizofilan,
TheraCys, ubenimex, WF-10, aldesleukin, alemtuzumab,
BAM-002, dacarbazine, daclizumab, denileukin,
gemtuzumab ozogamicin, ibritumomab, imiquimod,
lenograstim, lentinan, melanoma vaccine (Corixa),
molgramostim, OncoVAX-CL, sargramostim, tasonermin,
tecleukin, thymalasin, tositumomab, Virulizin, Z-100,
epratuzumab, mitumomab, oregovomab, pemtumomab, and
Provenge;  Biological response modifiers are agents
that modify defense mechanisms of living organisms or
biological responses, such as survival, growth, or
differentiation of tissue cells to direct them to have
anti-tumor activity. Such agents include krestin,
lentinan, sizofiran, picibanil, or ubenimex;  Other
anticancer agents include alitretinoin, ampligen,
atrasentan, bexarotene, bortezomib, Bosentan,
calcitriol, exisulind, finasteride, fotemustine,
ibandronic acid, miltefosine, mitoxantrone,
l-asparaginase, procarbazine, dacarbazine,
hydroxycarbamide, pegaspargase, pentostatin,
tazarotne, TLK-286, Velcade, Tarceva, or tretinoin;
Other anti-angiogenic compounds include acitretin,
fenretinide, thalidomide, zoledronic acid,
angiostatin, aplidine, cilengtide, combretastatin A-4,
endostatin, halofuginone, rebimastat, removab,
Revlimid, squalamine, ukrain and Vitaxin;
Platinum-coordinated compounds include but are not
limited to, cisplatin, carboplatin, nedaplatin, or
oxaliplatin;  Camptothecin derivatives include but are
not limited to camptothecin, 10- hydroxycamptothecin,
9-aminocamptothecin, irinotecan, SN-38, edotecarin,
and topotecan;  Tyrosine kinase inhibitors are lressa
or SU5416; Antibodies include Herceptin, Erbitux,
Avastin, or Rituximab; and  Interferons include
interferon alpha, interferon alpha-2a, interferon,
alpha- 2b, interferon beta, interferon gamma-1a or
interferon gamma-n1. "Abnormal cell growth", as used
herein, unless otherwise indicated, refers to cell
growth that is independent of normal regulatory
mechanisms (e.g., loss of contact inhibition). This
includes the abnormal growth of: (1) tumor cells
(tumors) that proliferate by expressing a mutated
tyrosine kinase or overexpression of a receptor
tyrosine kinase; (2) benign and malignant cells of
other proliferative diseases in which aberrant
tyrosine kinase activation occurs; (4) any tumors that
proliferate by receptor tyrosine kinases; (5) any
tumors that proliferate by aberrant serine/threonine
kinase activation; and (6) benign and malignant cells
of other proliferative diseases in which aberrant
serine/threonine kinase activation occurs. The
compounds of the present invention are potent
inhibitors of the FAK protein tyrosine kinases, and
thus are all adapted to therapeutic use as
antiproliferative agents (e.g. , anticancer),
antitumor (e.g., effective against solid tumors),
antiangiogenesis (e.g., stop or prevent
proliferationation of blood vessels) in mammals,
particularly in humans. In particular, the compounds
of the present invention are useful in the prevention
and treatment of a variety of human hyperproliferative
disorders such as malignant and benign tumors of the
liver, kidney, bladder, breast, gastric, ovarian,
colorectal, prostate, pancreatic, lung, vulval,
thyroid, hepatic carcinomas, sarcomas, glioblastomas,
head and neck, and other hyperplastic conditions such
as benign hyperplasia of the skin (e.g., psoriasis)
and benign hyperplasia of the prostate (e.g., BPH). It
is, in addition, expected that a compound of the
present invention may possess activity against a range
of leukemias and lymphoid malignancies. In one
preferred embodiment of the present invention cancer
is selected from lung cancer, bone cancer, pancreatic
cancer, gastric, skin cancer, cancer of the head or
neck, cutaneous or intraocular melanoma, uterine
cancer, ovarian cancer, gynecological, rectal cancer,
cancer of the anal region, stomach cancer, colon
cancer, breast cancer, uterine cancer, carcinoma of
the fallopian tubes, carcinoma of the endometrium,
carcinoma of the cervix, carcinoma of the vagina,
carcinoma of the vulva, Hodgkin's Disease, cancer of
the esophagus, cancer of the small intestine, cancer
of the endocrine system, cancer of the thyroid gland,
cancer of the parathyroid gland, cancer of the adrenal
gland, sarcoma of soft tissue, cancer of the urethra,
cancer of the penis, squamous cell, prostate cancer,
chronic or acute leukemia, lymphocytic lymphomas,
cancer of the bladder, cancer of thekidney or ureter,
renal cell carcinoma, carcinoma of the renal pelvis,
neoplasms of the central nervous system (CNS), primary
CNS lymphoma, spinal axis tumors, brain, pituitary
adenoma, or a combination of one or more of the
foregoing cancers. In a more preferred embodiment
cancer is selected a solid tumor, such as, but not
limited to, breast, lung, colon, brain, prostate,
stomach, pancreatic, ovarian, skin (melanoma),
endocrine, uterine, testicular, and bladder. The
compounds of the present invention may also be useful
in the treatment of additional disorders in which
aberrant expression ligand/receptor interactions or
activation or signalling events related to various
protein tyrosine kinases, are involved. Such disorders
may include those of neuronal, glial, astrocytal,
hypothalamic, and other glandular, macrophagal,
epithelial, stromal, and blastocoelic nature in which
aberrant function, expression, activation or
signalling of the erbB tyrosine kinases are involved. 



In addition, the compounds of the present invention
may have therapeutic utility in inflammatory,
angiogenic and immunologic disorders involving both
identified and as yet unidentified tyrosine kinases
that are inhibited by the compounds of the present
invention. A particular aspect of this invention is
directed to methods for treating or preventing a
condition that presents with low bone mass in a mammal
(including a human being) which comprise administering
to a mammal in need of such treatment a condition that
presents with low bone mass treating amount of a
Formula I compound or a pharmaceutically acceptable
salt of said compound. This invention is particularly
directed to such methods wherein the condition that
presents with low bone mass is osteoporosis, frailty,
an osteoporotic fracture, a bone defect, childhood
idiopathic bone loss, alveolar bone loss, mandibular
bone loss, bone fracture, osteotomy, periodontitis or
prosthetic ingrowth. A particular aspect of this
invention is directed to methods for treating
osteoporosis in a mammal (including a human being)
which comprise administering to a mammal in need of
such treatment an osteoporosis treating amount of a
Formula I compound or a pharmaceutically acceptable
salt of said compound. Another aspect of this
invention is directed to methods for treating a bone
fracture or an osteoporotic fracture in a mammal which
comprise administering to a mammal in need of such
treatment a bone fracture treating or an osteoporotic
fracture treating amount of a Formula I compound or a
pharmaceutically acceptable salt of said compound.The
term "osteoporosis" includes primary osteoporosis,
such as senile, postmenopausal and juvenile
osteoporosis, as well as secondary osteoporosis, such
as osteoporosis due to hyperthyroidism or Cushing
syndrome (due to corticosteroid use), acromegaly,
hypogonadism, dysosteogenesis and hypophospatasemia.
The term "treating", as used herein, unless otherwise
indicated, means reversing, alleviating, inhibiting
the progress of, or preventing the disorder or
condition to which such term applies, or one or more
symptoms of such disorder or condition. The term
"treatment", as used herein, unless otherwise
indicated, refers to the act of treating as "treating"
is defined immediately above. The present invention
also provides a pharmaceutical composition comprising
a compound of formula (I), or a pharmaceutically
acceptable salt or solvate thereof, as hereinbefore
defined in association with a pharmaceutically
acceptable adjuvant, diluent or carrier. The invention
further provides a process for the preparation of a
pharmaceutical composition of the invention which
comprises mixing a compound of formula (I), or a
pharmaceutically acceptable salt or solvate thereof,
as hereinbefore defined with a pharmaceutically
acceptable adjuvant, diluent or carrier. For the
above-mentioned therapeutic uses the dosage
administered will, of course, vary with the compound
employed, the mode of administration, the treatment
desired and the disorder indicated. The daily dosage
of the compound of formula (l)/salt/solvate (active
ingredient) may be in the range from 1 mg to 1 gram,
preferably 1 mg to 250 mg, more preferably 10 mg to
100 mg. The present invention also encompasses
sustained release compositions. As noted above, the
compounds of the invention are useful for treating
abnormal cell growth such, e.g., cancer. Without being
limited by theory, Applicants believe that the
compounds of the invention are useful for treating or
preventing abnormal cell growth by inhibiting the FAK
kinases. In Vitro and In Vivo Assays As noted above,
the compounds of the invention are useful as
inhibitors of receptor tyrosine kinases such as, e.g.,
FAK, Aurora-1 , Aurora-2, HgK and Pyk. Methods for
determining the in vitro and in vivo activity of these
compounds inhibitors of receptor tyrosine kinases are
described below: A. In-vitro Activity of FAK:The in
vitro activity of the compounds of the compounds of
the invention may be determined by the following
procedure. More particularly, the following assay
provides a method to determine whether compounds of
the compounds of the invention inhibit the tyrosine
kinase activity of the catalytic construct
FAK(410-689). The assay is an ELISAbased format,
measuring the inhibition of poly-glu-tyr
phosphorylation by FAK(410-689). The assay protocol
has three parts: I. Purification and cleavage of
His-FAK(41 0-689) II. FAK41 0-689 (a.k.a. FAKcd)
Activation III. FAKcd Kinase ELISA Materials : -Ni-NTA
agarose (Qiagen) -XK-16 column (Amersham-Pharmacia)
-300 mM Imidizole -Superdex 200 HiLoad 16/60 prep
grade column (Amersham Biotech.) -Antibody:
Anti-Phosphotyrosine HRP-Conjugated Py20 (Transduction
labs) -FAKcd: Purified and activated in house -TMB
Microwell Peroxidase Substrate (Oncogene Research
Products #CL07) -BSA: Sigma #A3294 -Tween-20: Sigma
#P1 379 -DMSO: Sigma #D-5879 -D-PBS: Gibco #14190-037
Reagents for Purification : -Buffer A: 5OmM HEPES pH
7.0 50OmM NaCI 0.1mM TCEP CompleteTM protease
inhibitor cocktail tablets (Roche) -Buffer B: 25mM
HEPES pH 7.0 40OmM NaCI 0.1 mM TCEP -Buffer C: 1OmM
HEPES pH 7.5 20OmM Ammonium Sulfate O.imM TCEP
Reagents for Activation:-FAK(4 10-689): 3 tubes of
frozen aliquots at 150ml/tube for a total of 450ml at
1.48 mg/ml (660 mg) -His-Src(249-524): -0.74 mg/ml
stock in 1OmM HEPES, 20OmM (NH4)2SO4 -Src reaction
buffer (Upstate Biotech): 100 mM Tris-HCI pH7.2 125mM
MgCI2 25 mM MnCI2 2mM EDTA 250 mM Na3VO4 2 mM DTT
-Mn2+/ATP cocktail (Upstate Biotech) 75mM MnCI2 500 mM
ATP 2OmM MOPS pH 7.2 1mM Na3VO4 25mM -glycerol
phosphate 5mM EGTA 1mM DTT -ATP: 150mM stock -MgCI2: 1
M Stock -DTT: I M stock Reagents for FAKcd Kinase
ELISA: -Phosphorylation Buffer: 5OmM HEPES, pH 7.5
125mM NaCI 48mM MgCI2 -Wash Buffer: TBS + 0.1%
Tween-20. -Blocking Buffer: Tris Buffer Saline 3% BSA
0.05% Tween-20, filtered -Plate Coating Buffer:
50mg/ml Poly-Glu-Tyr (Sigma #P0275) in Phosphate
buffer Saline (DPBS). -ATP: 0.1 M ATP in H2O or HEPES,
pH7Note: ATP Assay Buffer: Make up as 75 uM ATP in
PBS, so that 80 ml in 120 ml reaction volume=50 mM
final ATP concentration. 1. Purification of
His-FAKcd(410-689): 1. Resuspend 130 g baculovirus
cell paste containing the over expressed His- FAKcd41
0-689 recombinant protein in 3 volumes (400ml) of
Buffer A. 2 . Lyse cells with one pass on a
microfluidizer. 3. Remove cell debris by
centrifugation at 40C for 35 minutes at 14,000 rpm in
a Sorval SLA-1500 rotor. 4. Transfer the supernatant
to a clean tube and add 6.0 ml of Ni-NTA agarose
(Qiagen). 5. Incubate the suspension with gentle
rocking at 4C for 1 hour. 6. Centrifuge suspension at
700 x g in a swinging bucket rotor. 7. Discard the
supernatant and resuspend the agarose beads in 20.0 ml
of Buffer A. 8. Transfer the beads to an XK-16 column
(Amersham-Pharmacia) connected to a 



FPLCTM. 9. Wash the agarose-beads with 5 column
volumes of Buffer A and elute off the column with a
step gradient of Buffer A containing 30OmM Imidizole.
10. Perform a buffer exchange of the eluted fractions
into Buffer B. 11. Following buffer exchange, pool the
fractions and add thrombin at a 1:300 (w/w) ratio and
incubated overnight at 13C to remove the N-terminal
His-tag (His-FAK410- 698 a FAK410-689 (a.k.a. FAKcd)).
12. Add the reaction mixture back onto the Ni-NTA
column equilibrated with Buffer A and collect the
flow-through. 13. Concentrate the flow-through down to
1.7 ml and load directly onto a Superdex 200 HiLoad
16/60 prep grade column equilibrated with Buffer C.
The desired protein elutes between 85 - 95 ml. 14.
Aliquot the FAKcd protein and store frozen at -80 0C.
11. FAK activation 1. To 45OuI of FAK(410-689) at 1.48
mg/ml (660mg) add the following: 30ml of 0.037 mg/ml (
1mM) His-Src(249-524) 30ml of 7.5 mM ATP 12ml of20 mM
MgCI2 10ml Mn2+/ATP cocktail (UpState Biotech.)4ml of
6.7mM DTT 60ml Src Reaction Buffer (UpState Biotech.)
2 . Incubate Reaction for at least 3 hours at room
temperature At time tO, almost all of the FAK(410-689)
is singly phosphorylated. The second phosphorylation
is slow. At t120 (t = 120 minutes), add 10ml of 150 mM
ATP. TO = (Start) 90% singly phosphorylated
FAK(410-689) ( 1 PO4) T43 = (43 min) 65% singly
phosphorylated ( 1 PO4), 35% doubly phosphorylated (2
PO4) T90 = (90 min) 45% 1 PO4, 55% 2 PO4 T 150 = 15% 1
PO4, 85% 2 PO4 T210 = <10% 1 PO4, >90% 2 PO4 desalted
sample 3. Add 180 ml aliquots of the desalted material
to NiNTA spin column and incubate on spin column 4.
Spin at 10k rpm (microfuge), for 5 minutes to isolate
and collect flow through (Activated FAK(4 10-689)) and
remove His-Src (captured on column) III. FAKcd Kinase
ELISA 1. Coat 96-well Nunc MaxiSorp plates with
poly-glu-tyr (pGT) at 10 mg/well: Prepare 10 mg/ml of
pGT in PBS and aliquot 100 ml/well. Incubate the
plates at 37C overnight, aspirate the supernatant,
wash the plates 3 times with Wash Buffer, and flick to
dry before storing at 4C. 2 . Prepare compound stock
solutions of 2.5 mM in 100% DMSO. The stocks are
subsequently diluted to 6OX of the final concentration
in 100% DMSO, and diluted 1:5 in Kinase
Phosphorylation Buffer. 3 . Prepare a .75 mM working
ATP solution in Kinase phosphorylation buffer. Add 80
ml to each well for a final ATP concentration of 50
mM. 4. Transfer 10 ml of the diluted compounds (0.5log
serial dilutions) to each well of the pGT assay plate,
running each compound in triplicates on the same
plate. 5. Dilute on ice, FAKcd protein to 1:1000 in
Kinase Phosphorylation Buffer. Dispense 30 ml per
well. 6. Note: Linearity and the appropriate dilution
must be pre-determined for each batch of protein. The
enzyme concentration selected should be such that
quantitation of the assay signal will be approximately
0.8-1.0 at OD450, and in the linear range of the
reaction rate. 7. Prepare both a No ATP control
(noise) and a No Compound Control (Signal):8. (Noise)
One blank row of wells receives 10 ml of 1:5 diluted
compounds in DMSO, 80ml of Phosphorylation buffer
(minus ATP), and 30 ml FAKcd solution. 9. (Signal)
Control wells receive 10 ml of 1:5 diluted DMSO (minus
Compound) in Kinase phosphorylation buffer, 80 ml of
75 uM ATP, and 30 ml of 1:1000 FAKcd enzyme. 10.
Incubate reaction at room temperature for 15 minutes
with gentle shaking on a plate shaker. 11. Terminate
the reaction by aspirating off the reaction mixture
and washing 3 times with wash buffer. 12. Dilute
phospho-tyrosine HRP-conjugated (pY20HRP) antibody to
0.250 mg/ml ( 1 :1000 of Stock) in blocking buffer.
Dispense 100 ml per well, and incubate with shaking
for 30 minutes at 25. 13. Aspirate the supernatant and
wash the plate 3 times with wash buffer. 14. Add 100
ml per well of room temperature TMB solution to
initiate color development. Color development is
terminated after approximately 15-30 sec. by the
addition of 100ml of 0.09M H2SO4 per well. 15. The
signal is quantitated by measurement of absorbance at
450nm on the BioRad microplate reader or a microplate
reader capable of reading at OD450. 16. Inhibition of
tyrosine kinase activity would result in a reduced
absorbance signal. The signal is typically 0.8-1 .0 OD
units. The values are reported as IC50s, mM
concentration. FAK Inducible cell-based ELlSA; Final
Protocol Materials : Reacti-Bind Goat Anti-Rabbit
Plates 96-well (Pierce Product#15135ZZ@115.00 USD)
FAKpY397 rabbit polyclonal antibody (Biosource #44624
@31 5.00 USD) ChromePure Rabbit IgG, whole molecule
(Jackson Laboratories #001-000-003 @60/25mg USD) UBI
aFAK clone 2A7 mouse monoclonal antibody
(Upstate#05-182 @ 289.00 USD) Peroxidase-conjugated
AffiniPure Goat Anti-Mouse IgG (Jackson Labs #
115-035- 146 @95/1.5ml USD) SuperBlock TBS (Pierce
Product#37535ZZ @99 USD) Bovine Serum Albumin (Sigma
#A-9647 @117.95/100 g USD)TMB Peroxidase substrate
(Oncogene Research Products #CL07-100ml @40.00 USD)
Na3VO4 Sodium Orthovanadate (Sigma #S6508 @43.95/50g
USD) MTT substrate (Sigma # M-2128 @25.95/500mg USD)
Growth Media: DMEM+10%FBS, P/S, GIu, 750 mg/ml Zeocin
and 50 mg/ml Hygromycin (Zeocin InVitrogen #R250-05 @
725 USD and Hygromycon InVitrogen #R220-05 @ 150 USD)
Mifepristone InVitrogen # H 110-01 @ 125 USD Complete
TM EDTA-free Protease Inhibitor pellet Boehringer
Mannheim #1873580 FAK cell-based Protocol for
selectivity of kinase-dependent phosphoFAKY397
Procedure : An inducible FAK cell-based assay in ELISA
format for the screening of chemical matter to
identify tyrosine kinase specific inhibitors was
developed. The cell-based assay exploits the mechanism
of the GeneSwitchTM system (InVitrogen) to exogenously
control the expression and phosphorylation of FAK and
the kinasedependent autophosphorylation site at
residue Y397. Inhibition of the kinase-dependent
autophosphorylation at Y397 results in a reduced
absorbance signal at OD450. The signal is typically
0.9 to 1.5 OD450 units with the noise falling in the
range of 0.08 to 0.1 OD450 units. The values are
reported as IC50s, mM concentration. On day 1, grow
A431 FAKwt in T175 flasks. On the day prior to running
the FAK cell-assay, seed A431 FAKwt cells in growth
media on 96-well U-bottom plates. Allow cells to sit
at 37C, 5% CO2 for 6 to 8 hours prior to FAK
induction. Prepare Mifepristone stock solution of 10
mM in 100 % Ethanol. The stock solution is
subsequently diluted to 10 X of the final
concentration in Growth Media. Transfer 10 ml of this
dilution (final concentration of 0.1 nM Mifepristone)
into each well. Allow cells to sit at 370C, 5% CO2
overnight (12 to 16 hours). Also, prepare control
wells without Mifepristone induction of FAK expression
and phosphorylation. On day 2 , coat Goat Anti-Rabbit
plate(s) with 3.5 mg/ml of phosphospecific FAKpY397
polyclonal antibody prepared in SuperBlock TBS buffer,
and allow plate(s) to shake on a plate shaker at room
temperature for 2 hours. Optionally, control wells may
be coated with 3.5 mg/ml of control Capture antibody
(Whole Rabbit IgG molecules) prepared in SuperBlock
TBS. Wash off excess FAKpY397 antibody 3 times
usingbuffer. Block Anti-FAKpY397 coated plate(s) with
200 ml per well of 3%BSA/0.5%Tween Blocking buffer for
1 hour at room temperature on the plate shaker. While
the plate(s) are blocking, prepare compound stock
solutions of 5 mM in 100 % DMSO. The stock solutions
are subsequently serially diluted to 100X of the final
concentration in 100% DMSO. Make a 1:10 dilution using
the 100X solution into growth media and transfer 10 ml
of the appropriate compound dilutions to each well
containing either the FAK induced or uninduced control
A431 cells for 30 minutes at 370C, 5% CO2. Prepare
RIPA lysis buffer (50 mM Tris-HCI, pH7.4, 1% NP-40,
0.25% Na-deoxycholate, 150 mM NaCI, 1 mM EDTA, 1 mM
Na3VO4, 1 mM NaF, and one CompleteTM EDTA-free
protease inhibitor pellet per 50 ml solution). At the
end of 30 minutes compound treatment, wash off
compound 3 times using TBS-T wash buffer. Lyse cells
with 100 ml/well of RIPA buffer. To the coated plate,
remove blocking buffer and wash 3 times using TBS-T
wash buffer. Using a 96-well automated microdispenser,
transfer 100 ml of whole cell-lysate (from step 6) to
the Goat Anti-Rabbit FAKpY397 coated plate(s) to
capture phosphoFAKY397 proteins. Shake at room
temperature for 2 hours. Wash off unbound proteins 3
times using TBS-T wash buffer. Prepare 0.5 mg/ml (
1:2000 dilution) of UBI 



aFAK detection antibody in 3%BSA/0.5% Tween blocking
buffer. Dispense 100 ml of UBI aFAK solution per well
and shake for 30 minutes at room temperature. Wash off
excess UBI aFAK antibody 3 times using TBS-T wash
buffer. Prepare 0.08 mg/ml ( 1 :5000 dilution) of
secondary Anti-Mouse Peroxidase (Anti-2MHRP)
conjugated antibody. Dispense 100 ml per well of the
Anti-2MHRP solution and shake for 30 minutes at room
temperature. Wash off excess Anti-2MHRP antibody 3
times using TBS-T wash buffer. Add 100 ml per well of
room temperature TMB substrate solution to allow for
color development. Terminate the TMB reaction with 100
ml per well of TMB stop solution (0.09M H2SO4) and
quantitate the signal by measurement of absorbance at
450 nm on the BioRad microplate reader. Additional FAK
cell assays are hereby incorporated by reference from
WO2004/027018. In a preferred embodiment, the
compounds of the present invention have an in vitro
activity as determined by a kinase assay, e.g., such
as that described herein, of less than 500 nM.
Preferably, the compounds have an IC50 of less than 25
nM in the kinase assay, and more preferably less than
10 nM. In a further preferred embodiment, the
compounds exhibit an IC50 in a FAK cell based assay,
e.g., such as that describedherein, of less than 1 mM,
more preferably less than 100 pM, and most preferably
less than 25 nM. Administration of the compounds of
the present invention (hereinafter the "active
compound(s)") can be effected by any method that
enables delivery of the compounds to the site of
action. These methods include oral routes,
intraduodenal routes, parenteral injection (including
intravenous, subcutaneous, intramuscular,
intravascular or infusion), topical, and rectal
administration. The amount of the active compound
administered will be dependent on the subject being
treated, the severity of the disorder or condition,
the rate of administration, the disposition of the
compound and the discretion of the prescribing
physician. However, an effective dosage is in the
range of about 0.001 to about 100 mg per kg body
weight per day, preferably about 1 to about 35
mg/kg/day, in single or divided doses. For a 70 kg
human, this would amount to about 0.05 to about 7
g/day, preferably about 0.2 to about 2.5 g/day. In
some instances, dosage levels below the lower limit of
the aforesaid range may be more than adequate, while
in other cases still larger doses may be employed
without causing any harmful side effect, provided that
such larger doses are first divided into several small
doses for administration throughout the day. The
active compound may be applied as a sole therapy or
may involve one or more other anti-tumour substances,
for example those selected from, for example, mitotic
inhibitors, for example vinblastine; alkylating
agents, for example cis-platin, carboplatin and
cyclophosphamide; anti-metabolites, for example
5-fluorouracil, cytosine arabinoside and hydroxyurea,
or, for example, one of the preferred anti-metabolites
disclosed in European Patent Application No. 239362
such as N-(5-[N-(3,4-dihydro-2-methyl-4-
oxoquinazolin-6-ylmethyl)-N-methylamino]-2-thenoyl)-L-
glutamic acid; growth factor inhibitors; cell cycle
inhibitors; intercalating antibiotics, for example
adriamycin and bleomycin; enzymes, for example
interferon; and anti-hormones, for example
antiestrogens such as Nolvadex(r) (tamoxifen) or, for
example anti-androgens such as Casodex(r)
(4'-cyano-3-(4-fluorophenylsulphonyl)-2-hydroxy-2-meth
yl-3'- (trifluoromethyl)propionanilide). Such conjoint
treatment may be achieved by way of the simultaneous,
sequential or separate dosing of the individual
components of the treatment. The pharmaceutical
composition may, for example, be in a form suitable
for oral administration as a tablet, capsule, pill,
powder, sustained release formulations, solution,
suspension, for parenteral injection as a sterile
solution, suspension or emulsion, fortopical
administration as an ointment or cream or for rectal
administration as a suppository. The pharmaceutical
composition may be in unit dosage forms suitable for
single administration of precise dosages. The
pharmaceutical composition will include a conventional
pharmaceutical carrier or excipient and a compound
according to the invention as an active ingredient. In
addition, it may include other medicinal or
pharmaceutical agents, carriers, adjuvants, etc.
Exemplary parenteral administration forms include
solutions or suspensions of active compounds in
sterile aqueous solutions, for example, aqueous
propylene glycol or dextrose solutions. Such dosage
forms can be suitably buffered, if desired. Suitable
pharmaceutical carriers include inert diluents or
fillers, water and various organic solvents. The
pharmaceutical compositions may, if desired, contain
additional ingredients such as flavorings, binders,
excipients and the like. Thus for oral administration,
tablets containing various excipients, such as citric
acid may be employed together with various
disintegrants such as starch, alginic acid and certain
complex silicates and with binding agents such as
sucrose, gelatin and acacia. Additionally, lubricating
agents such as magnesium stearate, sodium lauryl
sulfate and talc are often useful for tableting
purposes. Solid compositions of a similar type may
also be employed in soft and hard filled gelatin
capsules. Preferred materials, therefor, include
lactose or milk sugar and high molecular weight
polyethylene glycols. When aqueous suspensions or
elixirs are desired for oral administration the active
compound therein may be combined with various
sweetening or flavoring agents, coloring matters or
dyes and, if desired, emulsifying agents or suspending
agents, together with diluents such as water, ethanol,
propylene glycol, glycerin, or combinations thereof.
Methods of preparing various pharmaceutical
compositions with a specific amount of active compound
are known, or will be apparent, to those skilled in
this art. For examples, see Remington's Pharmaceutical
Sciences , Mack Publishing Company, Easter, Pa., 15th
Edition (1975). The examples and preparations provided
below further illustrate and exemplify the compounds
of the present invention and methods of preparing such
compounds. It is to be understood that the scope of
the present invention is not limited in any way by the
scope of the following examples and preparations. In
the following examples molecules with a single chiral
center, unless otherwise noted, exist as a racemic
mixture. Those molecules with two or more chiral
centers, unless otherwise noted, existas a racemic
mixture of diastereomers. Single
enantiomers/diastereomers may be obtained by methods
known to those skilled in the art. All patents,
applications, publications, test methods, literature,
and other materials cited herein are hereby
incorporated herein by reference in their entireties.
Examples General Methods: HPLC: Where HPLC
chromatography is referred to in the preparations and
examples below, the general conditions used, unless
otherwise indicated, are as follows. The column used
is a ZORBAX(tm) RXC1 8 column (manufactured by Hewlett
Packard) of 150 mm distance and 4.6 mm interior
diameter. The samples are run on a Hewlett Packard-
1100 system. A gradient solvent method is used running
100 percent ammonium acetate / acetic acid buffer (0.2
M) to 100 percent acetonitrile over 10 minutes. The
system then proceeds on a wash cycle with 100 percent
acetonitrile for 1.5 minutes and then 100 percent
buffer solution for 3 minutes. The flow rate over this
period is a constant 3 mL / minute. Preparation of
Intermediates : The groups attached to the 4 position
of the pyridine core were prepared by the methods
described below for compounds B1-B19. Preparation of
N-(3-aminomethyl-phenyl)-N-rnethyl-methanesulfonamide
acetate (B1): Step Preparation of
N-(3-cyano-phenyl)-methanesulfonamide (B1-1): A
solution of 3-amino benzonitrile (10 g, 84.64 mmol) in
pyridine (160 mL) was cooled to 00C and methane
sulphonyl chloride (8.6 mL, 74.8 mmol) was added. The
reaction mixture was allowed to warm to 25C and
stirred for about 20 hours. The reaction mixture was
then concentrated, and the resultant residue was
dissolved in ethyl acetate (EtOAc) (250 mL), washed
with 2N HCI (50 mL), brine (25 mL), and dried over
anhydrous Na SCU. The solution was then concentrated
to provide (B1-1) as a brownsolid. Yield: 17.1 g.
1HNMR (Cf6 -DMSO) d: 10.25(s, 1H), 7.45-7.65(m, 4H)
and 3.1 (s, 3H). Mass: (M-1) 195 calculated for
C8H8N2O2S. Step. 2. Preparation of
N-(3-cyano-phenyl)-N-methyl-methanesulfonamide (B1-
2): A mixture of benzyltriethylammonium chloride
(BTEAC) (2.44 g, 10.7 mmol) and B1- 1 (21 g, 107.1
mmol) in tetrahydrofuran (THF) (250 mL) and 40% NaOH
solution (250 mL) was cooled to 100C1treated with
methyl iodide (8.6 mL, 139.0 mmol), and allowed to
warm to 25C. After about 20 hours the THF was removed
by distillation, and the concentrated mixture was
extracted with dichloromethane (DCM) (3x200 mL). The
combined organic layers were washed with water (100
mL), brine (50 mL), dried over anhydrous sodium
sulfate, and concentrated. The resultant residue was
then purified by column chromatography (60-120 mesh
silica gel; 20% EtOAc in hexane as eluting solvent) to
provide B1-2 as a white solid. Yield: 20 g, 89.3%.
1HNMR (d6-DMSO) d: 7.9(s, 1H), 7.7-7.84(m, 2H) 7.52-7
.65(m, 2H), 3.3(s, 3H) and 3.02(s, 3H). Mass: (M+1) 2
11 calculated for C9Hi 0N2O2S. Step 3. A solution of
B1-2 (20 g, 95.12 mmol) in THF(100 mL) and acetic acid
(400 mL) was charged to a Parr reactor. The contents
of the reactor were then treated with 10% Pd/C (10.12
g) and hydrogenated at 50 Psi hydrogen pressure and
25C for 4 hours. The contents of the reactor were
filtered through a bed of Celite(r) and washed with
ethanol (50 mL). The combined filtrates were then
concentrated under reduced pressure, and the resultant
residue was azeotroped with EtOAc (3 x 50 mL). The
resultant oily mass was dissolved in EtOAc and allowed
stand at 250C for about 20 hours. The resultant white
solids were collected by filtration and dried to
provide B1 as the acetate salt. Yield: 15.2 g, 60%.
1HNMR (d6-DMSO) d: 7.2-7 .45(m, 4H) 4.6- 5.65(broad,
4H), 3.75(s, 2H) 3.2(s, 3H), 2.95(s, 3H) and 1.9(s,
3H). Mass: (M+1) 215 calculated for C9Hi4N2O2S. HPLC
Purity: 99.1%. 



Preparation of
N-(3-aminomethyl-pyrazin-2-yl)-N-methyl-methane
sulfonamide acetate (B2): Step 1. Preparation of
N-(3-cyano-pyrazin-2-yl)-N-methyl-methane sulfonamide
(B2-1): A solution of chloropyrazine-2-carbo pitrile
(4.2 g, 30.21 mmol) in acetonitrile(200 mL) at 25C was
treated sequentially with Cs2CO3 (13.7831 g, 42.293
mmol) and N-methyl-metha pe sulfonamide (3.957 g,
36.25 mmol). The mixture was then heated to 800C.
After about 20 hours the mixture was cooled to 25" and
filtered. The solids were washed with EtOAc (3 x 25
mL) and the combined filtrates were concentrated. The
resultant residue was treated with water (50 mL) and
extracted with EtOAc (3x75mL). The combined organic
layers were washed with water (50 mL), brine, dried
over anhydrous sodium sulfate and concentrated. The
resultant residue was purified by column
chromatography (100-200 mesh silica gel; 40% EtOAc in
petroleum ether as eluting solvent) to provide B2-1 as
a pale brown liquid. Yield: 4.7 g, 73.43%). 1HNMR
(CDCI3) d: 8.92(d, 2H), 3.4(s, 3H) and 3.25(s, 3H).
Mass: (M+1) 213 calculated for C7H8N4O2S. (Note: The
product contained unreacted N-methanesulfonamide as an
impurity. The product was used without further
purification to prepare B2 in the step described
below. Step 2. A suspension of B2-1 (5.345 g , 23.21
mmol) in 2N methanolic NH3 (566.7 mL) in a Parr
reactor was treated with 10% Pd/C (395 mg, 3.78 mmol),
and the contents of the reactor were hydrogenated at
45 Psi hydrogen pressure and 25C for 3 hours. The
contents of the reactor were then filtered through a
bed of Celite(r), washed with methanol (MeOH), and
concentrated. The resultant residue was treated with
EtOAc (25 mL) and acetic acid (1.5 g), stirred at
250C, and concentrated. The resultant residue was
treated with EtOAc (100 mL) and allowed to stand at
25C for about 20 hours. The resultant solids were
collected, washed with EtOAc, and dried to provide B2.
Yield: 3.5 g, 64.3%. IR (cm 1): 3453, 3222, 2937,
3859, 1641 , 1560, 1405, 1340 and 1155. 1HNMR
(d6-DMSO) d: 8.7(s, 1H), 8.5(s, 1H)1 5.3-5.8(broad,
2H), 4.0(s, 2H), 3.2(s, 3H), 3.12(s, 3H) and 1.84(s,
3H). Mass: (M+1) 217 calculated for C7Hi2N4O2S.
Preparation of
N-(2-aminomethyl-phenyl)-N-methyl-methanesulfonamide
acetate (B3): Step 1. Preparation of
N-(2-cyano-phenyl)-N-dimethanesulfonamide (B3-1): A
solution of 2-amino benzonitrile (10 g, 8.46 mmol) in
pyridine (250 mL) at 250C was treated drop-wise over
30 minutes with methane sulphonyl chloride (21 .33 g,
18.62 mmol). The reaction mixture was then stirred at
250C for about 20 hours andconcentrated The resultant
residue was dissolved in EtOAc (200 mL), washed with 2
N HCI (200 mL) and brine (30 mL), and dried over
anhydrous sodium sulfate. The solution was then
concentrated to provide B3-1 as a yellow solid. Yield:
20.7 g, 89%. 1HNMR (de-DMSO) d: 8.06(d, 1H),
7.82-7.85(m, 2H), 7.7-7.75(m, 1H), 3.62(s, 6H). Step 2
. Preparation of
N-(2-cyano-phenyl)-N-methyl-methanesulfonamide (B3-2):
A solution of B3-1 (4 g, 1.45 mmol) in THF (30 mL) at
25C was treated with 40% NaOH solution (30 mL) and
BTEAC (0.331 g, 0.145 mmol) and stirred vigorously for
30 minutes. The mixture was then treated with methyl
iodide (2.48 g, 1.7 mmol) and stirred at 25C for about
20 hours. The THF was removed under reduced pressure
and the mixture extracted with DCM (3 x 50 mL). The
combined organic layers were washed with brine, dried
over anhydrous sodium sulfate, and concentrated to
provide B3-2 as a pale yellow solid. Yield: 3 g, 96%.
1HNMR (CDCI3) d: 7.62-7.8(m, 2H), 7.55-7.56(m, 1H),
7.4-7.52(m, 1H), 3.4(s, 3H) and 3.1 5(s, 3H). Mass:
(M-1) 209 calculated for C9H10N2O2S. The product was
used without further purification to prepare B3 in the
step described below. Step 3. A solution of B3-2 (2 g,
9.5 mmol) in a mixture of acetic acid (100 mL) and THF
(25 mL) was charged to a Parr shaker. The contents of
the reactor were treated with 10% Pd/C (1.01 g) and
hydrogenated at 60 Psi hydrogen pressure and 25C for
3.5 hours. The contents of the reactor were then
filtered through a bed of Celite(r) and washed with
MeOH (20 mL). The combined filtrates were then
concentrated. The resultant residue was azeotroped
with toluene (2x20 mL) and EtOAc (20 mL) and dried
under vacuum to provide B3 as a white solid. Yield:
1.9 g, 95%. 1HNMR (d -DMSO) d: 7.5-7.62(m, 1H),
7.25-7.5(m, 3H), 3.92-5. 6(broad, 3H), 3.8(s, 2H),
3.16(s, 3H), 3.04(s, 3H) and 1.9(s, 2H). Mass: (M+1) 2
15 calculated for C9H14N2O2S. HPLC Purity: 98.8%.
Preparation of
N-(2-aminomethyl-pyridin-3-yl)-N-methyl-methanesulfona
mide acetate salt (B4): Step 1. Preparation of
6-chloro-pyridin-3-ylamine (B4-1): A solution of
2-chloro- 5-nitro pyridine (30 g , 189 mmol) in MeOH
(600 mL) was charged to a Parr reactor. The contents
of the reactor were treated with Raney nickel (2 g)
and hydrogenated at 60 Psihydrogen pressure and 25CC
for 16 hours. The contents of the reactor were then
filtered through a Celite(r) bed and washed with MeOH
(100 mL). The combined filtrates were concentrated,
and the resultant residue was purified by column
chromatography (60-120 mesh silica gel column; 10%
MeOH in CHCI3 as eluting solvent) to provide B4-1 as a
pale yellow solid. Yield: 19 g, 78%. 1HNMR (CDCI3) d:
7.85(d, 1H), 7.1 (d, 1H), 6.95(dd, 1H) and 3.52-3.
98(broad s, 2H). Step 2 . Preparation of
N-(6-chloro-pyridin-3-yl)-methanesulfonamide (B4-2): A
solution of B4-1 (38 g, 295.7 mmol) and pyridine (28
g, 354 mm) in DCM (874 mL) at 1O0C was treated
drop-wise over 30 minutes with methane sulphonyl
chloride (37.2 g, 325 mmol). The reaction mixture was
allowed to warm to 25C, and stirred at 25C for 20
hours. The mixture was then treated with DCM (300 mL)
and washed with water (1500 mL) and brine. The organic
layer was dried over anhydrous sodium sulfate and
concentrated. The resultant residue was washed with
petroleum ether (80 mL), filtered, and dried to
provide B4-2 as an off-white solid. Yield: 36 g , 60%.
1HNMR (dd-DMSO) d: 10.12(s, 1H), 8.22(d, 1H), 7.65(dd,
1H), 7.4b(d, 1H) and 3.08(s, 3H). Step 3. Preparation
of
N-(6-chloro-pyridin-3-yl)-N-methyl-methanesulfonamide
(B4-3): A solution of B4-2 (13 g, 62.8 mmol), BTEAC (
1.42 g, 6.2 mmol) and 40% aq. NaOH ( 1 17 mL) in THF (
1 17 mL) at O0C was treated drop-wise over 30 minutes
with methyl iodide (10.6 g, 75.3 mmol). The reaction
mixture was allowed to warm to 25C and stirred for an
additional 3 hours. The mixture was then treated with
THF (100 mL), and the resultant organic layer was
collected. The aqueous layer was extracted with EtOAc
(2 x 100 mL), and the combined organic layers were
washed with 1N NaOH and brine. The organic layer was
dried over anhydrous sodium sulfate and concentrated.
The resultant residue was then triturated with
petroleum ether to provide B4-3 as a pale yellow
solid. Yield: 12 g, 86%. 1HNMR (CDCI3) d: 8.4(d, 1H),
7.72(dd, 1H), 7.35(d, 1H), 3.38(s, 3H) and 2.88 (s,
3H). Mass: (M+1) 221 calculated for C7H9CIN2O2S. Step
4. Preparation of
N-(6-chloro-1-hydroxy-pyridin-3-yl)-N-methylmethanesul
fonamide (B4-4): A solution of B4-3 (15 g, 68.1 mmol)
in DCM (172 mL) was cooled to 00C and treated slowly
over 10 minutes with a solution of 77%
mchloroperoxybenzoic acid (MCPBA) (27.9 g, 124 mm) in
DCM (200 mL). The rate of addition was controlled so
that the temperature of the reaction mixture did not
exceed 3 to 5C. The reaction mixture was allowed to
warm to 25C and stirred at 25C for 20 hours. The
mixture was then cooled to O0C and treated with 1N
NaOH (30OmL). The resultant organic layer was
collected and washed with 1N NaOH (10OmL) and
10%sodium sulfite (10OmL). The organic layer was then
dried over anhydrous Na2SC>4 and concentrated to
provide B4-4 as a white crystalline solid. Yield: 8 g
, 49%. 1HNMR (db- DMSO) d: 8.55(s, 1H), 7.85(d, 1H),
7.46(dd, 1H), 3.26(s, 3H) and 3.1<s, 3H). Mass: (M+1)
237 calculated for C7H11CIN2O3S. Step 5. Preparation
of
N-(6-chloro-2-cyano-pyridin-3-yl)-N-methylmethanesulfo
pamide (B4-5): Dimethylsulfale (3.2 mL) was cooled to
O0C and treated portion-wise with B4-4 (8 g, 33.6
mmol) over 3 hours. The resultant suspension was
allowed to warm to 25 and maintained at 25C for 16
hours. The resulted gummy mass was then washed with
diethyl ether. The resultant white residue was
dissolved in water (37.6 mL) and added drop-wise over
30 minutes to an aqueous solution of sodium cyanide
(6.5 g, 134.4 mm) at 1O0C. The reaction mixture was
allowed to warm to 25C, and it was maintained at 25C
for 16 hours. The resultant brown solids were
collected and dissolved in EtOAc (200 mL). The organic
solution was then washed with water (500 mL) and
brine, and dried over anhydrous sodium sulfate. The
organic solution was concentrated, and the resultant
residue was purified by column chromatography (silica
gel; 10% MeOH in CHCI 3 as eluting solvent) to provide
B4-5 as a white solid. Yield: 2.5 g, 30%. 1HNMR
(d6-DMSO) d: 8.38(d, 1H), 8.02(d, 1H), 3.3(s, 3H) and
3.28(s, 3H). Step 6. A solution of B4-5 (2.5 g, 10.2
mmol) in a mixture of THF (80 mL) and acetic acid (200
mL) was charged to a Parr reactor. The contents of the
Parr reactor were then treated with 10% Pd/C (2.4 g,
22.4 mmol) and hydrogenated at 60 Psi hydrogen
pressure and 25C for 16 hours. The contents of the
reactor were filtered through a Celite(r) bed and
washed with MeOH (100 mL). The combined organic
filtrates were concentrated, and the resultant residue
was azeotroped with EtOAc (2x50 mL). The resultant
solids were collected and dried to provide B4 as an
off-white solid. Yield: 2.0 g, 95%. IR (cpV1): 3438,
3245, 2994, 2601, 1590, 1467, 1328, 1151 and 1047.
1HNMR (d6-DMSO) d: 8.65(d, 1H), 8.25-8.55(broad s ,
2H), 8.15<d, 1H), 7.5- 7.7(m, 1H), 4.0^.42(s, 2H),
3.25(s, 3H) and 3.14(s, 3H). Mass: (M+1) 216
calculated Preparation of
N-(3-Aminomethyl-pyridin-2-yl)-N-methyl-methanesulfona
mide acetate (B5):Step 1. Preparation of
N-(3-cyano-pyridin-2-yl)-N-methyl-methanesulfonamide
(B5-1): A solution of 2-chloro-3-cyano-pyridine (10 g
, 72.4 mmol) in acetonitrile (200 mL) at 25C was
treated with N-methyl-methanesulfonamide (14 g, 128.2
mmol) and CS2CO3 (33 g, 101.2 mmol). The reaction
mixture was slowly heated to 8O0C and maintained at
8O0C for 8 hours. The reaction mixture was then cooled
to 25C, filtered through a Celite(r) bed, and
concentrated. The resultant residue was treated with
water (300 mL) and extracted with EtOAc (3x200 mL).
The combined organic layers were washed with brine,
dried over sodium sulfate, treated with carbon, and
filtered. The filtrate was then concentrated, and the
resultant residue was triturated with ether (100 mL).
The resultant solids were collected and dried to
provide B5-1 as an off-white solid. Yield: 7 g, 46%.
1HNMR (CDCI3) d: 8.6-8.72(m, 1H), 8.02-8.12(d, 1H),
7.3- 



7.45(m, 1H), 3.4(s, 3H) and 3.2(s, 3H). Mass: (M+1)
212 calculated for C8H9N3O2S. HPLC purity: 99.9%. Step
2. A solution of B5-1 (10 g, 47.3 mmol) in ethanol was
charged to a Parr reactor, and the contents of the
reactor were treated with 300 mL of a 2M ammonia
solution in ethanol and 5% Pd/C (1.2 g). The contents
of the reactor were then hydrogenated at 60 Psi
hydrogen pressure and 37C for 3 hours and then at 300C
for 20 hours. The contents of the reactor were
filtered through a Celite(r) bed and concentrated. The
resultant residue was treated with EtOAc, cooled to
200C, and treated with acetic acid (10 mL). The
mixture was then stirred for 10 minutes and
concentrated. The resultant residue was dissolved in
EtOAc (150 mL) in a glass flask. The walls of the
flask were then scratched, and white solids began to
form. The solids were collected and washed with EtOAc
followed by petroleum ether. The solids were then
dried to provide B5. Yield: 11 g, 85%. 1HNMR (CDCI3)
d: 8.3-8.5(m, 1H), 8.04(d, 1H), 7.4-7.55(m, 1H),
6.02-7.1 5(broad, 3H), 3.85(s, 2H), 3.14(d, 6H),
1.9(s, 3H). Mass: (M+1) 216 calculated for C8H13N3O2S.
Preparation of
N-(2-Aminomethyl-phenylVN-methyl-methanesulfo pamide
acetate (B6): Step i . Preparation of
N-(2-Cyano-phenyl)-N-dimethanesulfonamide (B6-1): A
solution of 2-amino benzonitrile (10 g, 8.46 mmol) in
pyridine (250 mL) was treateddrop-wise at 250C over 30
minutes with methane sulphonyl chloride (21.33 g,
18.62 mmol). The reaction mixture was then stirred at
250C for 20 hours and concentrated. The resultant
residue was dissolved in EtOAc (200 mL) and washed
with 2 N HCI (200 mL) and brine (30 mL). The solution
was dried over anhydrous sodium sulfate and
concentrated to provide B6-1 as a yellow solid. Yield:
20.7 g, 89%. 1HNMR (d6-DMSO): d 8.06(d, 1H),
7.82-7.85(m, 2H), 7.7-7.75(m, 1H), 3.62(s, 6H). The
product was used without further purification to
prepare B6-2 in the step described below. Step 2.
Preparation of
N-(2-Cyano-phenyl)-N-methyl-methanesulfonamide (B6-
2): A solution of B6-1 (4 g, 1.45 mmol) in THF (30 mL)
was treated with 40% NaOH (30 mL) and BTEiAC (0.331 g,
0.145 mmol) at 250C and stirred vigorously for 30
minutes. The mixture was then treated with methyl
iodide (2.48 g, 1.7 mmol) and stirred at 25C for 20
hours. The THF was removed under reduced pressure, and
the concentrated mixture was extracted with DCM (3 x
50 mL). The combined organic layers were washed with
brine, dried over anhydrous sodium sulfate, and
concentrated to provide B6-2 as pale yellow solid.
Yield: 3 g , 96%. 1H NMR(CDCI 3) : d 7.62-7.8(m, 2H),
7.55- 7.56(m, 1H), 7.4-7.52(m, 1H), 3.4(s, 3H) and
3.15(s, 3H). Mass: (M-1) 209 calculated for
C9H10N2O2S. The product was used without further
purification to prepare B6 in the step described
below. Step 3. A solution of B6-2 (2 g, 9.5 mmol) in a
mixture of acetic acid (100 mL) and THF (25 mL) was
charged to a Parr reactor. The contents of the reactor
were treated with Pd/C (1.01 g) and hydrogenated at 60
Psi hydrogen pressure and 25C for 3.5 hours. The
mixture was then filtered through a bed of Celite(r)
and washed with methanol (20 mL). The combined
filtrates were concentrated, and the resultant residue
was azeotroped with toluene (2x20 mL) followed by
EtOAc (20 mL). The residue was then dried under
reduced pressure to provide B6 as a white solid.
Yield: 1.9 g, 95%. 1HNMR (d6-DMSO): d 7.5-7.62(m, 1H),
7.25-7.5(m, 3H), 3.92-5.6(broad, 3H), 3.8(s, 2H),
3.16(S, 3H), 3.04(s, 3H) and 1.9(s, 2H). Mass: (M+1)
215 calculated for C9Hi4N2O2S. HPLC Purity: 98.8%.
Preparation of
N-(2-Aminomethyl-phenyl)-methanesulfonamide acetate
(B7):Step 1. Preparation of
N-(2-cyano-phenyl)-methanesulfonamide (B7-1): A
solution of B6-1 (4 g, 14.8 mmol) in THF (29.26 mL)
was treated with 40% aqueous NaOH (29.26 mL) and BTEAC
(0.331 g, 1.45 mmol) and stirred at 25C for 20 hours.
The reaction mixture was then concentrated, and the
resultant residue was diluted with water (100 mL) and
neutralized with 6N HCI (30 mL). The mixture was
extracted with DCM (200 mL), and the organic layer was
washed with water (150 mL) and brine. The organic
solution was then dried over anhydrous sodium sulfate
and concentrated to provide B7-1 as a white solid.
Yield: 2.8 g, 92%. 1HNMR(CDCIS)I TJ-TJe(ITi 1 IH) 1
7.6-7.65(m, 1H), 6.8-6.98(broad, 1H) and 3.14(s, 3H).
Mass: (M-1) 195 calculated for C8H8N2O2S. Step 2. A
solution of B7-1 (2 g, 10.19 mmol) in a mixture of THF
(133 mL) and acetic acid (25OmL) was charged to a Parr
reactor. The contents of the reactor were then treated
with 10% Pd/C (2 g) and hydrogenated at 60 Psi
hydrogen pressure and 25C for 4 hours. The reaction
mixture was filtered through Celite(r) bed and
concentrated. The resultant residue was diluted with
toluene (20 mL) and concentrated. The resultant
residue was then diluted with EtOAc (20 mL) and
concentrated to provide B7 as white solid. Yield: 2 g,
98%. 1HNMR (ds-DMSO): d 7.32-8.6(broad, 4H), 7.25-
7.32(m, 1H), 7.1-7.32(m, 2H), 6.82(t, 1H), 3.9{s, 2H)
2.85(s, 3H) and 1.9(s, 3H). Mass: (M+1) 201 calculated
for C8Hi 2N2O2S. HPLC Purity: 98.9%. Preparation of
N-(2-Aminomethyl-3-methyl-phenyl)-methanesulfonamide
acetate (B8): Step 1. Preparation of
N-(2-cyano-3-methyl-phenyl)-N-dimethanesulfonamide
(B8-1): A suspension of 2-amino-6-methyl benzonitrile
(35 g, 265.5 mmol) in pyridine (600 mL) was cooled to
about 00C to -50C and slowly treated with mesyl
chloride (30 mL, 397.71 mmol) over 10 minutes. The
reaction mixture was allowed to warm to 26C and
stirred at 250C for 20 hours. The reaction mixture was
concentrated and the resultant residue was diluted
with EtOAc (600 mL). The organic solution was then
washed with water (100 mL), 2N HCI (100 mL), and
saturated brine (100 mL). The organic solution was
then dried over anhydrous sodium sulfate and
concentrated to provide B8-1 as a mixture of di- and
mono-mesylated products. Yield: 49 g. Theproduct was
used without further purification to prepare B8-2 in
the step described below. Step 2. Preparation of
N-(2-cyano-3-methyl-phenyl)-methanesulfonamide (B8-2):
A solution of B8-1 (35 g, 166.6 mmol) in THF (300 mL)
was treated with 40% aq. NaOH solution (300 mL) and
BTEAC ( 1 .84 g, 8.09 mmol) at 250C and stirred for 1
hour. The THF was removed under reduced pressure, and
the concentrated mixture was extracted with DCM (500
mL). The aqueous layer was acidified with 2N HCI and
extracted with DCM (250 mL). The combined organic
layers were washed with water (100 mL) and brine (50
mL). The organic solution was then dried over
anhydrous sodium sulfate and concentrated. The
resultant residue was purified by column
chromatography (60-120 mesh silica gel; 3% MeOH in
CHCI3 as eluting solvent) to provide B8-2 as a brown
solid. Yield: 24 g . 1HNMR (d6-DMSO): d 9.98(s, 1H)
7.6(t, 1H), 7.26-7.4(m, 2H), 3.1(s, 3H), 2.5(s, 3H).
Mass: (M-1) 209 calculated for C9H10N2O2S. Step 3. A
solution of B8-2 (10 g, 47.6 mmol) in acetic acid (75
mL) and THF (250 mL) was charged to a Parr reactor and
treated with 10% Pd/C (6 g). The reaction mixture was
then hydrogenated at 50 Psi hydrogen pressure and 25C
for 16 hours. The reaction mixture was filtered
through a Celite(r) bed and washed with ethanol (3 x
20 mL). The combined filtrates were concentrated, and
the resultant residue was codistilled with EtOAc (100
mL). The resultant brown oil was dissolved in EtOAc
(100 mL) and allowed to stand at 25C for 20 hours. The
resultant white solids were collected and dried to
provide B8. Yield: 11 g. 1HNMR (d6-DMSO): d
7.65-8.65(broad, 3H), 7.1 5(d, 1H), 7.05(t, 1H),
6.68(d, 1H), 3.9(s, 2H), 2.8(s, 3H), 2.26(s, 3H) and
1.9(s, 3H). Mass: (M+1) 215 calculated for C9Hi4N2O2S.
HPLC Purity: 98.6%. Preparation of
N-(2-Aminomethyl-3-methyl-phenvO-N-methylmethanesulfon
amide acetate (B9): Step 1. Preparation of
N-(2-cyano-3-methyl-phenyl)-N-methylmethanesulfonamide
(B9-1): A solution of B8-1 (15 g, 71.42 mmol) in THF
(150 mL) was treated with 40% aq. NaOH (150 mL) and
BTEAC ( 1 .6 g, 7.14 mmol) at 25C and stirred for 10
minutes. The reaction mixture was then cooled to 100C
and treated with methyl iodide (5.78 mL, 85.7 mmol).
The reaction mixture was allowed to warm to 250Cand
stirred at 250C for 20 hours. The reaction mass was
concentrated, and the resultant residue was diluted
with DCM (600 mL). The organic solution was then
washed with water (100 mL) and brine (50 mL). The
organic solution was dried over anhydrous sodium
sulfate and concentrated. The resultant residue was
then purified by column chromatography (60-120 mesh
silica gel; 2% MeOH in CHCI 3 as eluting solvent) to
provide B9-1 as pale brown solid. Yield: 20 g, 98%.
1HNMR (d6-DMSO): d 7.65<d, 1H), 7.56(d, 1H), 7.45(d,
1H), 3.25(s, 3H), 3.14(s, 3H) and 2.5(s, 3H). Mass:
(M+1) 225 calculated for Ci0Hi 2N2O2S. Step 2. A
solution of B9-1 (10 g, 47.6 mmol) in a mixture of THF
(100 mL) and acetic acid (300 mL) was charged to a
Parr reactor and treated with Pd/C (6 g). The contents
of the reactor were then hydrogenated at 50 Psi
hydrogen pressure and 25C for 6 hours. The reaction
mixture was filtered through a bed of Celite(r) and
washed with ethanol (3 x 30 mL). The combined
filtrates were concentrated, and the resultant residue
was co-distilled with EtOAc (100 mL). The resultant
brown oil was taken into EtOAc (100 mL) and stirred at
25C for 16 hours. The resultant white solids were
collected, washed with EtOAc (2 x 25 mL), and dried to
provide B9. Yield: 11.6 g , 89%. 1HNMR (de-DMSO): d
7.15-7.36(m, 3H), 4.64-5.45(broad, 3H), 3.76(d, 2H),
3.15(s, 3H), 3.05(s, 3H), 2.42(s, 3H) and 1.9(s, 3H).
Mass: (M+1) 229 calculated for Ci 0Hi 6N2O2S. HPLC
Purity: 97.4%. Preparation of
N-(2-Aminomethyl-5-methyl-phenyl)-methanesulfonarnide
acetate (B10): Step 1. Preparation of
2-amino-4-methyl-benzonitrile (B10-1): A solution of
4- methyl-2-nitrobenzonitrile (1O g, 6 1.72 mmol) in
ethanol (200 mL) was charged to a Parr reactor and
treated with 10% Pd/C ( 1 g). The contents of the
reactor were then hydrogenated at 50 Psi hydrogen
pressure 25C for 90 minutes. The reaction mixture was
filtered through a Celite(r) bed and washed with
ethanol. The combined filtrates were the concentrated
to provide B10-1. Yield: 8.5 g . 1HNMR (CDCI3): d
7.28<s, 1H), 6.5-6.62(m, 2H), 4.2^4.42(broad, 2H) and
2.3(s, 3H). Mass: (M-1) 132 calculated for CsHsN2. The
product was used without further purification to
prepare B10-2 in the step 



described below.Step 2. Preparation of
N-(2-cyano-5-methyl-phenyl)-methanesulfonamide and N-
(2-cyano-5-methyl-phenyl)-N-(methylsulfonyl)methanesul
fonamide (B10-2): A solution of B10-1 (8.5 g, 64.39
mmol) in pyridine (50 mL) was cooled to O0C and
treated dropwise with mesyl chloride (8.85 g, 77.22
mmol) over 15 minutes. The reaction mixture was
allowed to warm to 25C, and it was stirred at 25C for
20 hours. The reaction mixture was then concentrated,
and the resultant residue acidified with 2N HCI (50
ml_) and extracted with EtOAc (200 mL). The resultant
organic layer was washed with water (50 mL) and brine
(50 mL), and dried over anhydrous sodium sulfate. The
organic solution was then concentrated to provide
B10-2 as a mixture of both mono and di mesylated
product. Yield: 9.2 g. The product was used without
further purification to prepare B10-3 in the step
described below. Step 3 . Preparation of
N-(2-cyano-5-methyl-phenyl)-methanesulfonamide (B10-
3): A solution of B10-2 (17 g , 80.95 mmol) in a
mixture of THF (70 mL) and 40% NaOH solution (70 mL)
was treated with BTEAC ( 1 .84 g, 8.09 mm) at 25C and
stirred at 250C for 20 hours. The THF was removed
under reduced pressure, and the concentrated mixture
was extracted with DCM (300 mL). The aqueous layer was
acidfied with 2N HCI and extracted with DCM (200 mL).
The combined organic layers were washed with water
(100 mL) and brine (100 mL), and dried over anhydrous
sodium sulfate. The organic solution was then
concentrated, and the resultant residue was purified
by column chromatography (60-120 mesh silica gel; 30%
EtOAc in DCM as eluting solvent) to provide B10-3 as a
pale brown solid. Yield: 16 g, 97%. 1HNMR (d6-DMSO): d
7.9(d, 1H), 7.7(s, 1H), 7.55(d, 1H), 3.62(s, 6H) and
2.45(s, 3H). Mass: (M-1) 209 calculated Step 4. A
solution of B10-3 (17 g, 80.95 mmol) in a mixture of
THF (250 mL) and acetic acid (250 mL) was charged to a
Parr reactor and treated with 10% Pd/C (8 g). at 25C.
The reaction mixture was then hydrogenated at 50Psi
hydrogen pressure and 25bC for 4 hours. The mixture
was filtered through a Celite(r) bed and washed with
ethanol (3 x 20 mL). The combined filtrates were
concentrated and the resultant residue was azeotroped
with EtOAc (2 x 20 mL). The resultant brown-colored
oil was taken into EtOAc (5OmL) and allowed to stand
at 25C for 20 hours. The resultant white solids were
collected and dried to provide B10. Yield: 15.1 g,
71.2%. 1HNMR (d6-DMSO): d 7.62-8.2(broad, 3H),
7.02-7.1 8(m, 2H), 6.7(d, 1H), 3.85(s, 2H), 2.88(s,
3H), 2.25(s, 3H) and 1.9(s, 3H). Mass: (M+1) 215
calculated for C9H14N2O2S. HPLC Purity:
99.7%.Preparation of
N-(2-Aminomethyl-5-methyl-phenvfl-N-methylmethanesulfo
namide acetate (B1 1) : Step 1. Preparation of
N-(2-cyano-5-methyl-phenyl)-N-methylmethanesulfonamide
(B11-1): A solution of B10-2 (10 g, 47.61 mmol) in a
mixture of THF (100 mL) and 40% aq. NaOH solution (100
mL) at 25C was treated with BTEXAC (1.1 g, 4.7 mmol)
and methyl iodide (8.78 g, 61.89 mmol). The reaction
mixture was then stirred at 25C for 20 hours. The THF
was removed under reduced pressure, and the
concentrated mixture was extracted with DCM (300 mL).
The organic layer was washed with water (100 mL) and
brine (50 mL), and dried over anhydrous sodium
sulfate. The organic solution was then concentrated,
and the resultant residue was purified by column
chromatography (60-120 mesh silica gel; 10% EtOAc in
CHCI3 as eluting solvent) to provide B11-1 as a brown
solid. Yield: 10.3 g, 96%. 1HNMR (CDCI3) : d 7.62(d,
1H), 7.38(s, 1H), 3.38(s, 3H), 3.1(s, 3H) and 2.45(s,
3H). Mass: (M-1) 223 calculated for C10Hi 2N2O2S. Step
2. A solution of B11-1 (4 g, 17.85 mmol) in acetic
acid (150 mL) was charged to a Parr reactor and
treated with Pd/C (2 g). The contents of the reactor
were then hydrogenated at 50 Psi hydrogen pressure and
250C for 6 hours. The reaction mixture was filtered
through a Celite(r) bed and washed with ethanol (2 x
20 mL). The combined filtrates were concentrated, and
the resultant brown solid was azeotroped with EtOAc (3
x 25 mL). The resultant solid was taken into EtOAc (25
mL) at stirred at 25C for 20 hours. The resultant
solids were collected and dried under reduced pressure
to provide B11. Yield: 2.7 g, 53%. 1HNMR (d6-DMSO): d
7.45(d, 1H), 7.3(S 1H), 7.2(d, 1H), 5.04-5.7(broad,
2H), 3.75-3.92(broad, 2H), 3.15(s, 3H), 3.05(s, 3H),
2.3(s, 3H) and 1.9(S, 2H). Mass: (M+1 ) 229 calculated
for Ci0Hi 6N2O2S. HPLC Purity: 97.7 %. Preparation of
N-(2-Aminomethyl-6-methyl-phenyl)-N-methylmethanesulfo
namide trifluoroacetate (B12): CF3CO2HStep 1.
Preparation of potassium di-tert-butyl
iminodicarboxylate (B12-1): A solution of
di-tert-butyl iminodicarboxylate (56 g , 258 mmol) in
ethanol (200 mL) was cooled to 150C and treated over
30 minutes with a solution of KOH (17g) in ethanol
(150 mL). The reaction mixture was allowed to warm to
25C, and it was stirred at 25C for 4 hours. The
reaction mixture was then concentrated, and the
resultant residue was diluted with diethyl ether (300
mL) and stirred for 3 hours. The resultant solids were
collected and immediately dried under reduced pressure
to provide B12-1 as a white crystalline solid. Yield:
57 g, 82%. 1HNMR (d6-DMSO): d 1.35(s, 18H). Mass:
(M-1) 216 calculated for CI0HI9NO4. Step 2.
Preparation of 1-chloromethyl-3-methyl-2-nitro-benzene
(B12-2): A solution of
3-(methyl-2-nitro-phenyl)-methanol (12 g, 71.78 mmol)
in DCM (500 mL) was cooled to -5C and treated with
dimethylaminopyridine (DMAP) ( 1 1.4 g, 93.3 mm)
followed by treatment with a solution of tosyl
chloride (17.79 g, 93.3 mmol) in DCM. The reaction
mixture was stirred at -5C for 30 minutes. The
reaction mixture was then allowed to warm to 25C, and
it was stirred at 25C for 20 hours. The reaction
mixture was diluted with DCM (100 mL) and washed with
1N HCI (2 x 50 mL), saturated NaHCO3 (2 x 25 mL), and
brine. The organic solution was then dried over
anhydrous MgSO4 and concentrated. The resultant
residue was purified by column chromatography (silica
gel column; 15% EtOAc in hexane as eluting solvent) to
provide B12-2 as a pale greenish-yellow oil. Yield: 14
g , 89%. 1HNMR (CDCI3) : d 7.35-7 .46(m, 2H),
7.26-7.35(m, 1H), 4.6(s, 2H) and 2.36(s, 3H). Step 3.
Preparation of 3-methyl-2-nitro-benzyl di-tert-butyl
iminodicarboxylate (B12-3): A solution of B12-2 (14 g,
75.6 mmol) in N-methylpyrrolidinone (NMP) (135 mL) was
cooled to -5C and treated with B12-1 (29.7 g, 116.4
mmol) over 20 minutes. The mixture was then heated at
5O0C for 4 hour. The reaction mixture was diluted with
water (150 mL) and extracted with EtOAc (4 x 250 mL).
The combined organic layers were washed with water
(300 mL) and brine. The organic solution was then
dried over anhydrous MgSO4 and concentrated. The
resultant residue was purified by column
chromatography (silica gel; 20% EtOAc in hexane as
eluting solvent) to provide B12-3 as an-off white
solid. Yield: 2 1 g, 76%. 1HNMR (CDCI3) : d 7.35(t,
1H), 7.1-7.25(m, 2H), 4.76(s, 2H), 2.3(s, 3H) and
1.42(s, 18H). Step 4. Preparation of 2-amino-3-methyl
benzyl di-tert-butyl iminodicarboxylate (B12-4): A
solution of B12-3 (20 g, 54.64 mmol) in ethanol (500
mL) was charged to a Parr reactor and treated with 10%
Pd/C (7 g). The contents of the reactor were
thenhydrogenated at 55 Psi hydrogen pressure and 25C
for 5 hours. The reaction mixture was filtered through
a Celite(r) bed and concentrated to provide B12-4 as a
pale greenish-yellow oil (19 g). 1HNMR (CDCI3) : d
7.1(d, 1H), 6.96(d, 1H), 6.6(t, 1H), 4.7(s, 2H),
4.3-4.5(broad, 2H), 2.1 5(s, 3H) and 1.45(s, 18H).
Step 5 . Preparation of di-BOC
3-methyl-2-(methylsulfonamido)benzylamine (B12-5): A
solution of B12-4 (20 g, 59.6 mmol) in pyridine (150
mL) was cooled to 00C and treated over 25 minutes with
mesyl chloride (6.15 mL, 79.4 mmol). The mixture was
allowed to warm to 25C, and it was stirred at 25C for
20 hours. The reaction mixture was diluted with EtOAc
(300 mL) and washed with 1N HCI solution. The aqueous
layer was collected and extracted with EtOAc (100 mL).
The combined organic layers were washed with brine and
dried over anhydrous MgSO-;. The organic solution was
then concentrated, and the resultant residue was taken
into petroleum ether and stirred for 1 hour. The
resultant solids were collected and dried under
reduced pressure to provide B12-5 as an off white
solid. Yield: 22 g, 89%. 1HNMR (CDCI3) : d 7.9(s, 1H),
7.35(d, 1H), 7.05-7.25(m, 2H), 4.9(s, 2H), 3.1 (s,
3H), 2.45(8, 3H) and 1.45(S, 18H). Mass: (M-1 ) 4 13
calculated for Ci 9H30N2O6S. Step 6. Preparation of
di-BOC 3-methyl-2-(N-methylmethan-2-
ylsulfonamido)benzylamine (B12-6): A solution of B12-5
(22 g , 53.14 mmol) in THF (58.6 mL) was cooled to
150C and treated with 40% aq NaOH solution (58.6 mL)
followed by BTEAC ( 1 .25 g, 5.5 mm). The mixture was
stirred for 15 minutes and the treated over 20 minutes
with methyl iodide (4.2 mL, 67.4 mmol). The reaction
mixture was allowed to warm to 25C, and it was stirred
at 25C for 20 hours. The reaction mixture was then
diluted with water (300 mL) and extracted with DCM (3
x 200 mL). The combined organic layers were washed
with water (3 x 400 mL) and brine, dried over
anhydrous MgSO-i, and concentrated. The resultant
residue was dissolved in petroleum ether in a glass
flask, and the wall of the flask was scratched to
induce solids formation. The resultant solids were
collected and dried to provide B12-6 as a pale yellow
solid. Yield: 20 g , 88%. 1HNMR (CDCI3) : d
7.1-7.25(m, 2H), 7.04(d, 1H), 5.05(d, 1H), 4.8(d, 1H),
3.25(s, 3H), 3.1 (s, 3H), 2.36(s, 3H) and 1.45(s,
18H). Step 7. A solution of B12-6 (13 g, 30.3 mmol) in
DCM (35 mL) was cooled to 0 C and treated with
trifluoroacetic acid (TFA) (70 mL). The reaction
mixture was allowed to warm to 250C, and it was
stirred at 25C for 2 hours. The reaction mixture was
concentrated, and the resultant residue was azeotroped
with EtOAc (2 x 100 mL). The resultant residue was
diluted with a mixture of DCM and pentane ( 1 :1) in a
glass flask,and the wall of the flask was scratched.
The contents of the flask were stirred for 1 hour, and
the resultant precipitate was collected and dried to
provide B12 as an off white solid. Yield: 9 g, 87%.
1HNMR (d6-DMSO): d 8.3-8.45(broad, 2H), 7.38-7.5(m,
3H), 4.2(s, 2H), 3.14(s, 6H), and 2.44(s, 3H). Mass:
(M+1) 229 calculated for C10Hi6N2O2S. HPLC Purity:
97.5%. Preparation of
N-(2-Aminomethyl-4-methyl-phenyl-N-methyl-methanesulfo
namide trifluoroacetate (B13): Step 1. Preparation of
di-BOC-5-methyl-2-nitrobenzylamine (B13-1): A solution
of 2-chloromethyl-4-methyl-1-nitro-benzene (20 g,
107.5 mmol) in NMP (140 mL) was cooled to 0C and
treated over 30 minutes with potassium di-tert-butyl 



iminodicarboxylate (40 g, 156 mmol). The reaction
mixture was allowed to warm to 250C, and it was
stirred at 25C for 20 hours. The reaction mixture was
then diluted with water (150 mL) and extracted with
EtOAc (2 x 500 mL). The resultant organic layer was
washed with water (250 mL) and brine, and dried over
anhydrous MgSO4. The organic solution was then
concentrated, and the resultant residue was purified
by column chromatography (silica gel; 20% EtOAc in
hexane as eluting solvent) to provide B13-1 as a pale
yellow solid. Yield: 29 g, 73%. 1HNMR (CDCI3) : d
7.98(d, 1H), 7.2(d, 1H), 7.1(s, 1H), 5.15(s, 2H),
2.4(s, 3H) and 1.44(s, 18H). Step 2. Preparation of
di-BOC 2-amino-5-methylbenzylamine (B1 3-2): A
solution of B13-1 (29 g, 79.23 mmol) in ethanol (500
mL) was charged to a Parr reactor and treated with
Pd/C (9 g). The contents of the reactor were then
hydrogenated 55 Psi hydrogen pressure and 25C for 2
hours. The reaction mixture was filtered through a
Celite(r) bed and concentrated to provide B13-2 as an
oil. Yield: 26 g. 1HNMR (CDCI3) : d 7.02(s, 1H),
6.85(d, 1H), 6.55(d, 1H) 4.7(s, 2H), 4.02-4.38(broad,
2H), 2.22(s, 3H) and 1.46(s, 18H). Step 3. Preparation
of di-BOC 5-methyl-2-(methylsulfonamido)benzylamine
(B13-3): A solution of B13-2 (26 g, 77.38 mmol) in
pyridine (165 mL) was cooled to 00C and treated over
20 minutes with mesyl chloride (12.18 g, 106.4 mmol)
was added over a period of 20 mip. The mixture was
allowed to warm to 25C, and it was stirred at 25C for
20 hours. The reaction mixture was then diluted with
EtOAc (350 mL) andwashed with 1N HCI solution (2 x 250
ml_). The resultant organic layer was washed with
brine, dried over anhydrous MgSO4, and concentrated.
The resultant residue was treated with petroleum ether
and stirred at 25C for 1 hour. The resultant solids
were then collected and dried under reduced pressure
to provide B13-3 as a pale yellow solid. Yield: 23 g,
71%. 1HNMR (CDCI3) : d 8.7<s, 1H)1 7.45(d, 1H), 7.1
(d, 1H), 4.72(s, 2H), 2.96(s, 3H), 2.3(s, 3H) and
1.46(s, 18H). Mass: (M-1) 413 calculated for
Ci9H30N2O6S. Step 4. Preparation of di-BOC
5-methyl-2-(N-methylmethan-2-
ylsulfonamido)benzylamine (B13-4): A solution of B13-3
(22 g, 53.14 mmol) in THF (70 mL) was cooled to 00C
and treated with 40% aq. NaOH solution (70 mL)
followed by BTEAC (1.5 g, 6.6 mmol). After 15 minutes
the mixture was treated with methyl iodide (9.51 g,
67.4 mmol) over a period of 20 minutes. The reaction
mixture was allowed to warm to 25C, and it was stirred
at 25C for 20 hours. The reaction mixture was then
diluted with DCM (800 mL). The organic layer was
collected and washed with water (2 x 200 mL) and
brine, and dried over anhydrous MgSO4. The organic
solution was concentrated, and the resultant residue
was triturated with petroleum ether to provide B13-4
as a pale yellow solid. Yield: 2O g, 88%. 1HNMR
(CDCI3) : d 7.0-7.4(m, 3H), 4.85-5.1 (d, 2H), 3.25(s,
3H), 2.92(s, 3H), 2.35(s, 3H) and 1.45(s, 18H). Step
5. A solution of B13-4 (15 g , 35.04 mmol) in DCM (45
mL) was cooled to 0 C and treated over 30 minutes with
TFA (90 mL). The mixture was then allowed to warm to
25C. After 3 hours the mixture was concentrated, and
the resultant residue was azeotroped with EtOAc (2 x
200 mL). The resultant residue was diluted with a
mixture of DCM and ether (8:2) and stirred for 1 hour.
The resultant precipitate was collected and dried
under reduced pressure to provide B13 as an off-white
solid. Yield: 12 g , 98%. 1HNMR (d6-DMSO): d
7.98-8.2(broad, 2H), 7.5(d, 1H), 7.4(s, 1H)1 7.3(d,
1H), 3.96-4.28(broad, 2H), 3.2(s, 3H), 3.05(s, 3H) and
2.35(s, 3H). Mass: (M+1) 229 calculated for Ci
0H16N2O2S. Preparation of
N-(3-Aminomethyl-6-methyl-pyridin-2-yl-N-methylmethane
sulfonamide acetate (B14):Step 1. Preparation of
N-(3-cyano-6-methyl-pyridin-2-yl)-N-methylmetha
pesulfonamide (B14-1): A solution of
2-chloro-6-methyl-nicotinonitrile (20 g, 131.5 mmol)
in acetonitrile (300 mL) at 25C was treated with
HN(CH3)SO2Me (13.1 mL, 124.1 mmol) and Cs2CO3 (60 g,
184.0 mm). The reaction mixture was then stirred at
800C for 15 hours. The reaction mixture was allowed to
cool to 250C and filtered. The resultant filtrate was
concentrated and diluted with EtOAc (600 mL). The
organic solution was then washed with water (2 x 250
mL) and brine, and dried over anhydrous sodium
sulfate. The organic solution was then concentrated,
and the resultant residue was recrystallized with
ether to provide B14-1 as an off white solid. Yield:
18.5 g, 62.5%. 1HNMR(CDCI 3) : d 7.9(d, 1H),
7.16-7.26(m, 1H), 3.28(s, 3H), 3.24(s, 3H) and 2.22(s,
3H). Mass: (M+1) 226 calculated for C9HnN 3O2S. Step
2. A solution B14-1 (10 g, 44.4 mmol) in a mixture of
THF (100 mL) and acetic acid (900 mL) was charged to a
Parr reactor and treated with 10% Pd/C (9 g, 84.9
mmol). The contents of the reactor were then
hydrogenated at 55 Psi hydrogen pressure and 400C for
4 hours. The reaction mixture was then filtered
through a Celite(r) bed and concentrated. The
resultant residue was diluted with EtOAc (100 mL) and
stirred for 3 hours. The resultant solids were
collected and dried under reduced pressure to provide
B14 as an off-white solid. Yield: 10 g, 98%. 1HNMR (d
-DMSO): d 7.9(d, 1H), 7.3(d, 1H) 1 7.0-7.25(broad,
2H), 3.82(s, 2H), 3.06-3.1 8(d, 5H), 2.45(s, 3H) and
1.82-1 96(m, 5H). Mass: (M+1 ) 230 calculated for C9Hi
5N3O2S. HPLC Purity: 98.1%. Preparation of
N-(3-Aminomethyl-5-methyl-pyridin-2-yl)-N-methylmethan
esulfonamide acetate (B15): Step Preparation of
5-methyl-nicotinic acid (B1 5-1): A solution of 3,5
lutidine (100 g , 934.57 mmol) in water at 250C was
treated portion-wise over 5 hours with KMnO (221 .1 g,
1401.86 mmol). The reaction mixture was then heated at
450C for about 20 hours. The reaction mixture was
filtered and washed with water. The resultant
filtrates were concentrated, and the resultant residue
was diluted with ethanol (3 x 500 mL), boiled, and
filtered. The filtrate was then concentrated under
reduced pressure toprovide B15-1 as a white solid.
Yield: 76 g, 59.4%. 1HNMR (D2O): d 8.6-8.7(s, 1H),
8.3-8.4(m, 1H), 7.92(s, 1H) and 2.3(s, 3H). Mass:
(M+1) 138 calculated for C7H7NO2. Step 2. Preparation
of 5-methyl-nicotinamide (B15-2): A suspension of
B15-1 (70 g, 510 mmol) in thionyl chloride (350 mL)
was heated at 800C for 20 hours. The resultant clear
solution obtained was allowed to cool to 25C and
concentrated. The resultant residue was diluted with
1,2 dichloroethane (1.5 L), cooled to -5C, and treated
with NH3 gas via bubbler until the mixture was
saturated. The mixture was allowed to warm to 25C,
stirred for 3 hours, and concentrated. The resultant
brown solid was taken in EtOAc (3 x 800 mL), refluxed
for 20 min, and filtered. The resultant filtrate was
then concentrated to provide B15-2 as a brown solid.
Yield: 52 g, 75%. 1HNMR (de-DMSO): d 8.85-8.9(s, 1H),
8.55(s, 1H), 8.05-8.18(m, 1H), 8.02(s, 1H), 7.48-
7.65(s, 1H) and 2.35(s, 3H). Mass: (M+1) 137
calculated for C7H8N2O. Step 3. Preparation of
1-Hydroxy-5-methyl- picotinamide (B15-3): A solution
of B15-2 (35 g) in acetic acid (200 mL) was cooled to
10C and treated over 10 minutes with H2O2 (40%
solution in water, 200 mL). The reaction mixture was
allowed to warm to 250C and then heated at 8O0C for 20
hours. The reaction mixture was cooled to 00C, treated
with 20% sodium sulfite solution (200 mL) and basified
with 35% NH4OH (200 mL). The mixture was then allowed
to warm to 25C and stirred for an additional 2 hours.
The resultant solids were collected and dried under
reduced pressure to provide B15-3 as a white solid.
Yield: 30.1 g. 1HNMR (d6-DMSO): d 8.45(s, 1H), 8.3(s,
1H), 7.6(S1 1H), 4.42-4.7(broad m, 2H), 2.3(s, 3H).
Mass: (M-1) 153 calculated for C7H10N2O2. Step 4.
Preparation of 2-chloro-5-methyl-nicotinonitrile
(B15-4): Neat POCI3 (120 mL) was cooled to about 1O0C
and treated portion-wise over 10 minutes with B15- 3.
The reaction mixture was then heated at 6O C for 2
hours. The reaction mixture was concentrated, cooled
to about 100C, basified with saturated Na CO , and
extracted with EtOAc (3 x 100 mL). The combined
organic layers were washed with water (50 mL), and
brine (50 mL), and dried over anhydrous sodium
sulfate. The organic solution was then concentrated,
and the resultant residue was purified by column
chromatography (silica gel; 35% EtOAc in hexane as
eluting solvent) to provide to B15-4 as a white solid.
Yield: 3.5 g , 68%. 1HNMR (d6-DMSO): d 8.42(s, 1H),
7.82(s, 1H) and 2.4(s, 3H). Mass: (M+1) 153 calculated
for C7H5CIN2 . Step 5. Preparation of
N-(3-cyano-5-methyl-pyridin-2-yl)-N-methylmethanesulfo
namide (B15-5): A suspension of B15-4 (16 g, 0.1049
mmol) inacetonitrile (150 mL) at 25C was treated with
Cs2CO3 (51.3 g, 0.157 mmol) and Nmethyl methane
sulphonamide (12.5 g, 0.1 15 mmol). The reaction
mixture was then heated at 800C for 20 hours. The
reaction mixture was filtered through a Celite(r) bed
and washed with acetonitrile (3 x 50 mL). The combined
filtrates were concentrated, and the resultant residue
was diluted with EtOAc (500 mL) and washed with water
(3 x 100 mL). The resultant organic layer was washed
with brine (100 mL), dried over anhydrous sodium
sulfate, and concentrated. The resultant residue was
purified by column chromatography (silica gel; 40%
EtOAc in hexane as eluting solvent) to provide B15-5
as pale yellow solid. Yield: 15.1 g, 62.8%. 1HNMR
(ds-DMSO): d 8.65(s, 1H), 8.3(S1 1H), 3 3.22-3.26(s,
3H), .15-3.22(s, 3H) and 2.36(s, 3H). Mass: (M+1) 226
calculated for C9Hi 1N3O2S. Step 6. A solution of
B15-5 (15 g) in a mixture of acetic acid (200 mL) and
THF (200 mL) was charged to a Parr reactor and treated
with Pd/C (4 g). The contents of the reactor were then
hydrogenated at 50 Psi hydrogen pressure and 250C for
5 hours. The mixture was filtered through a Celite(r)
bed and washed with ethanol (50 mL). The filtrate was
concentrated under reduced pressure, and the resultant
residue was purified by column chromatography (silica
gel; 5% MeOH in CHCb as eluting solvent) to provide
B15 as a reddish brown solid. Yield: 12.3 g, 98%. IR
(cm 1) : 3450, 3264, 2937, 2161, 1706, 1633, 1548,
1413, 1321 and 1151. 1HNMR (ds-DMSO): d 8.3(s, 1H),
7.9(s, 1H), 7.02-7.25(broad s, 2H), 3.92(s, 2H), 3.1
5(d, 6H), 2.4(s, 3H), 1.92(s, 3H). Mass: (M+1)
C9H15N3O2S. (Note: Few drops of triethylamine was
added to the mobile phase during the process of silica
gel column purification.) Preparation of
N-(3-Aminomethyl-4-methyl-Pyridin-2-yl)-N-methylmethan
esulfonamide (B16): Step 1. Preparation of
N-(3-cyano-4-methyl-pyridin-2-yl)-N-methylmethanesulfo
namide 



(B16-1): A suspension of
2-chloro-4-methyl-nicotinonitrile (4 g, 26.2 mmol)
(see WO 02/30901), N-methyl methane sulphonamide (3.43
g, 31.4 mmol) and CsCO3 (12 g, 36.7 mmol) in
acetonitrile (40 mL) was heated at 6O0C for 20 hours.
The reaction mixture was filtered through a Celite(r)
bed and washed with acetonitrile (40 mL). The combined
filtrates were concentrated, and the resultant residue
was dilutedwith EtOAc (100 ml_). The organic solution
was washed with water (100 mL) and brine (50 mL), and
dried over anhydrous sodium sulfate. The organic
solution was then concentrated, and the resultant
residue was stirred in methanol. The resultant solids
were collected and dried under reduced pressure to
provide B16-1 as a white solid. Yield: 1.6 g, 26%.
1HNMR (CDCI3): d 8.46(d, 1H), 7.25(m, 1H), 3.26(s,
3H), 3.18(s, 3H) and 2.6(s, 3H). Mass: (M+1) 226
calculated for C9HnN 3O2S. Step 2. A solution of B16-1
(5 g, 22.1 mmol) in 2N ethanolic ammonia (250 mL) was
charged to a Parr reactor and treated with 10% Pd/C (5
g , 47 mm). The contents of the reactor were then
hydrogenated at 60 Psi hydrogen pressure and 25C for 6
hours. The reaction mixture was filtered through a
Celite(r) bed and washed with ethanol (50 mL). The
combined filtrates were concentrated, and the
resultant oily residue was triturated with diethyl
ether (20 mL). The resultant white solids were
collected and dried to provide B16 as a white solid.
Yield: 5 g, 90%. 1HNMR (de-DMSO): d 8.46(d, 1H),
8.2-8.38(broad s, 2H), 7.42(d, 1H), 4.55-4.9(broad s,
4H), 4.15-4.3(broad s, 2H)1 325(s, 3H), 3.1(S, 3H) and
2.5(s, 3H). Mass: (M+1) 230 calculated for C9H15N3O2S.
HPLC Purity: 95.03%. Preparation of
N-(5-aminomethyl-2-methyl-pyfridin-4-yl)-N-methylmetha
nsulfonamide acetate (B17): Step 1. Preparation of
2,4-dihydroxy-6-methyl-nicotinic acid ethyl ester
(B17-1): Sodium metal pieces (33 g, 1434 mmol) were
slowly added to dry ethanol (800 mL) at 25C and
stirred until all the sodium pieces had reacted. The
resultant suspension was then treated over 15 minutes
with malonic acid diethyl ester (140 g, 875 mmol)
followed by treatment over 15 minutes with
ethyl-3-aminocrotonate ( 1 1O g, 850 mmol). The
reaction mixture was then heated at 110C for 20 hours
and concentrated. The resultant residue was cooled to
150C, dissolved in water (800 mL), and stirred for 15
minutes. The mixture was neutralized with a mixture of
AcOH:H 2q ( 1 :1) until a pH of 6- 7 was achieved. The
mixture was then stirred an addition 20 minutes. The
resultant solids were collected, washed with petroleum
ether (300 mL), and dried under reduced pressure to
provide B17-1 as an off-white solid. Yield: 60.3 g,
35%. 1HNMR (d6-DMSO): d 12.6(S 1H) 11.38(s, 1H),
5.8(s, 1H), 4.25(q, 2H), 2.14(s, 3H) and 1.25(t, 3H).
Mass: (M+1) 198 calculated for C9HnNO 4. Step 2.
Preparation of 2,4-dichloro-6-methyl-nicotinic acid
ethyl ester (B17-2): A suspension of B17-1 (36 g,
182.2 mmol) in N,N-bis(2-hydroxyethyl) 2-propanolamine
(DEIPA) (36 mL) was cooled to 00C and slowly treated
with POCI3 (250 mL). The resultant clear solution was
allowed to warm to 25C and then heated at 15C for 20
hours. The reaction mixture was concentrated, and the
resultant residue was poured into crushed ice. The
chilled mixture was then basified with saturated
Na2CO3 until a pH of 8 was achieved. The organic layer
was collected, and the aqueous layer was extracted
with EtOAc (3 x 500 mL). The combined organic layers
were washed with brine, dried over anhydrous sodium
sulfate, and concentrated. The resultant residue was
purified by chromatography (silica gel; 2% EtOAc in
petroleum ether as eluting solvent) to provide B17-2
as a pale yellow solid. Yield: 24 g, 55%. 1HNMR
(d6-DMSO): d 7.2(s, 1H), 4.45(q, 2H), 2.52(s, 3H) and
1.42(t, 3H). Mass: (M+1) 236 calculated for
C9H9CI2NO2. Step 3. Preparation of
2-chloro-4-methoxy-6-methyl-nicotinic acid ethyl ester
(B17-3): A solution of B17-2 (30 g, 128.2 mmol) in
methanol (102 mL) was cooled to 0C and treated
portion-wise over 30 minutes with NaOMe (8.5 g, 157.4
mmol). The reaction mixture was then heated at 600C
for 5 hours. The reaction mixture was cooled to 250C,
filtered, and concentrated. The resultant residue was
diluted with DCM (350 mL), filtered through a
Celite(r) bed, and washed with DCM. The combined
filtrates were concentrated, and the resultant residue
was purified by chromatography (silica gel; 6% EtOAc
in petroleum ether as eluting solvent) to provide
B17-3 as a pale yellow solid. Yield: 20.62 g, 70%.
1HNMR(CDCI3): d 6.66(s, 1H), 4.4(q, 2H), 3.95(s, 1H),
3.92(s, 3H), 2.52(S 1 3H) and 1.38(t, 3H). Mass: (M+1)
230 calculated C10Hi2CINO3. Step 4 . Preparation of
4-methoxy-6-methyl-nicotinic acid ethyl ester (B17-4):
A mixture of B17-3 (27 g, 117.3 mmol) and potassium
acetate 1 1.0 g, 112 mmol) in isopropanol (IPA) (500
mL) was charged to a Parr reactor and treated with
Pd/C (9.5 g, 70.15 mmol). The contents of the reactor
were then hydrogenated at 55 Psi hydrogen pressure and
25C for 4 hours. The mixture was filtered through a
Celite(r) bed and concentrated. The resultant residue
was purified by chromatography (silica gel; 8% EtOAc
in petroleum ether as eluting solvent) to provide
B17-4 as a green viscous liquid. Yield: 23 g, 90%.
1HNMR(CDCI 3) : d 8.84(s, 1H), 6.75(s, 1H), 4.35(q,
2H)1 3.98(s, 3H), 2.6(s, 3H) and 1.4(t, 3H). Mass:
(M+1) 196 calculated for Ci 0H13NO3.Step 5.
Preparation of 6-methyl-4-oxo-1
,4-dihydro-pyridine-3-carboxylic acid hydrochloride
(B17-5): A suspension of B17-4 (50 g, 256 mmol) in
concentrated HCI (600 mL) was heated at 11O0C for 20
hours. The reaction mixture was then concentrated, and
the resultant residue was washed in this order with
ethanol (150 mL), DCM (2 x 300 mL), and a mixture of
DCM:Et2O ( 1 :1). The resultant solids were collected
and dried to provide B17-5 as an off-white solid.
Yield: 40 g. IR (cm ): 3449, 3095, 2890, 1674, 1647,
1565, 1470, 1428, 1345, 1257, 1186 and 1028. 1HNMR
(d6- DMSO): d 11.4-12.7 (b, 2H)18.45(s, 1H), 6.64(s,
1H) and 2.4(s, 3H). Mass: (M+1) 154 calculated for
C7H7NO3. Step 6. Preparation of
6-methyl-4-oxo-1,4-dihydro-pyridine-3-carboxylic acid
methyl ester (B17-6): A solution of B17-5 (40 g ,
261.4 mmol) in methanol (600 mL) was cooled to 00C and
treated drop-wise over 20 minutes with SOCb (100 mL).
The reaction mixture was allowed to warm to 25C,
heated at 70C for 20 hours, and concentrated. The
resultant residue was washed with ethanol (100 mL),
filtered and dried to provide B17-6 as a gummy solid.
Yield: 40 g . 1HNMR (CDCI3) : d 8.8(s, 1H), 6.7(s,
1H), 3.9(s, 3H) and 2.45(s, 3H). Mass: (M+1) 168
calculated for C8H9NO3. The product was used in the
preparation of B17-7 below without further
purification. Step 7. Preparation of
6-methyl-4-oxo-1,4-dihydro-pyridine-3-carboxylic acid
amide (B17-7): A suspension of B17-6 (40 g, 239.5
mmol) in aqueous NH3 (800 mL) was heated at 5O0C for
20 hours. The reaction mass was then concentrated, and
the resultant residue was washed with a mixture of
diethyl ethe pDCM (8:2) (300 mL). The resultant solids
were collected and dried under reduced pressure to
provide B17-7 as an off-white solid. Yield. 4O g.
1HNMR (d6-DMSO): d 12.1(b, 1H), 9.4 (s, 1H), 8.3(s,
1H), 7.4(s, 1H), 6.25(s, 1H) and 2.25 (s, 3H). Mass:
(M+1) 153 calculated for C7H8N2O2. Step 8. Preparation
of 4-Chloro-6-methyl-nicotinonitrile (B1 7-8): A
suspension of B17-7 (20 g, 131 .5 mmol) in POCI3 (62
mL, 580 mmol) was heated at 11O0C for 15 minutes. The
mixture was allowed to cool to 250C and treated
portion-wise over 20 minutes with PCI5 (38.12 g, 183.4
mmol). The mixture was then heated at 11O0C for 1 hour
and concentrated. The resultant residue was diluted
with EtOAc (100 mL), cooled to 100C, and quenched with
aqueous Na2CO3 (200 mL). The mixture was then
extracted with EtOAc (3 x 250 mL), and the combined
organic layers were washed with brine, dried over
anhydrous sodium sulfate, and concentrated. The
resultant residue was purified by chromatography
(silica gel; 4-5% EtOAc in petroleum ether as eluting
solvent) to provide B17-8 as an off-white puffy solid.
Yield: 7.5 g, 37%. 1HNMR(CDCI3) : d 8.75(s, 1H)1 7.38
(s, 1H), 2.65(s, 3H). Mass: (M+1) 153 calculated for
C7H5CIN2. Step 9. Preparation of
N-(5-Cyano-2-methyl-pyridin-4-yl)-N-methylmethanesulfo
namide (B17-9): A solution of B17-8 (7 g, 46.8 mmol)
in acetonitrile (165 mL) at 25C was treated
sequentially with Cs2CO3 ( 19 g, 58.2 mmol) and
HN(Me)SO 2Me (8.9 mL, 95 mmol). The mixture was heated
at 60C for 20 hours and concentrated. The resultant
residue was diluted with EtOAc (300 mL) and water (100
mL), and stirred for 10 minutes. The organic layer was
collected, and the aqueous layer was extracted with
EtOAc (2 x 100 mL). The combined organic layers were
washed with brine, dried over MgSO4, and concentrated.
The resultant residue was purified by chromatography
(silica gel; DCM as eluting solvent) to provide B17-9
as a solid. Yield: 9 g, 87%. 1HNMR (CDCI3) : d 8.8(s,
1H), 7.3(d, 1H), 3.4 (s, 3H), 3.18(s, 3H) and 2.65(s,
3H). Mass: (M+1) 226 calculated for C9H1 1N3O2S. Step
10. A solution of B17-9 (7.5 g, 33.3 mmol) in EtOH-NH
3 (300 mL) was charged to a Parr reactor and treated
with Pd/C (5 g). The contents of the reactor were
hydrogenated at 60 Psi hydrogen pressure and 25C for 4
hours. The mixture was filtered through a Celite(r)
bed and concentrated. The resultant residue was
diluted with EtOAc:acetic acid (1.1 eq.) and
concentrated. The resultant gummy orange-colored
liquid was then diluted with a mixture of ether and
EtOAc in a glass flask, and the wall of the flaks was
scratched. The resultant solids were collected to
provide B17 as an offwhite solid. Yield: 4.4 g, 42%.
IR (cm 1) : 3484, 3343, 3166, 2975, 1644, 1601 , 1560,
1505, 1412, 1313, 1136 and 1058. 1HNMR (d6-DMSO): d
8.62(S 1 1H), 7.4(s, 1H), 4.7- 5.3(broad, 3H), 3.82(s,
2H) 1 3.14(d, 2H) 1 2.45(s, 3H) and 1.9(s, 3H). Mass:
(M+1) 230 calculated 230 for C9H15N3O2S. Preparation
of
N-f3-Aminomethyl-4-methyl-phenyl)-N-methylmethanesulfo
namide acetate (B18): Step 1. Preparation of
5-amino-2-methyl-benzonitrile (B18-1): A stirred
suspension of 2-methyl-5-nitro benzonitrile (20 g,
123.45 mmol) in a mixture of dioxane (640 mL), ethanol
(480 mL) and water (160 mL) at 250C was treated with
NH4CI (26.4 g, 493.8 mmol) followed by treatment with
iron powder (34.4 g , 617.2 mmol). The mixturewas then
heated at 8O0C for 16 hours. The mixture was filtered
through a Celite(r) bed and concentrated. The
resultant residue was diluted with EtOAc (600 mL),
washed with water (150 mL) and brine (100 mL), and
dried over anhydrous sodium sulfate. The organic
solution was then concentrated to provide B18-1 as an
orange solid. Yield: 18.2 g . 1HNMR(CDCI 3): d 7.08(d,
1H), 6.84-6.9(m, 1H), 6.75-6.82(m, 1H), 3.65-3.82(m,
2H) and 2.4(s, 3H). Mass: (M+1) 133 calculated for
C8H8N2. The product was used 



below to prepare B18-2 without further purification.
Step 2. Preparation of
N-(3-cyano-4-methyl-phenyl)-methanesulfonamide (B18-
2): A solution of B18-1 (18 g, 136.36 mmol) in
pyridine (150 mL) was cooled to 00C and treated with
mesyl chloride (12.6 mL, 163.63 mmol). The mixture was
allowed to warm to 25C, stirred for 20 hours, and
concentrated. The resultant residue was diluted with
EtOAc (500 mL), and washed with 2N HCI (50 mL), water
(100 mL), and brine (50 mL). The organic solution was
then dried over anhydrous sodium sulfate and
concentrated to provide B18-2 as a yellow solid.
Yield: 25.1 g, 87.3%. 1HNMR(CDCI 3): d 7.5(s, 1H),
7.3-7.45(m, 2H), 7.1-7.25(m, 1H), 3.05(s, 3H) and
2.5(s, 3H). Mass: (M+1) 209 calculated for C9H10N2O2S.
Step 3. Preparation of
N-(3-cyano-4-methyl-phenyl)-N-methylmethanesulfonamide
(B18-3): A solution of B18-2 (25 g, 119.04 mmol) in a
mixture of THF (200 mL) and 40% NaOH solution (200 mL)
at 25C was treated with BTEAC (2.7 g, 11.9 mmol) and
stirred vigorously for 20 minutes. The mixture was
then treated with methyl iodide (8.89 mL, 142.8 mmol),
stirred for 20 hours, and concentrated. The resultant
residue was extracted with DCM (500 mL) and washed
with water (100 mL) and brine (50 mL). The organic
solution was dried over anhydrous sodium sulfate and
concentrated. The resultant residue was purified by
column chromatography (60-120 mesh silica gel; 40%
EtOAc in hexane as eluting solvent) to provide B18-2
as a white solid. Yield: 26.2 g, 97%. 1HNMR(CDCI3) : d
7.55-7.65(m, 1H), 7.5-7.54(m, 1H), 7.3- 7.4(m, 1H),
3.34(s, 3H), 2.85(s, 3H) and 2.55(s, 3H). Mass: (M+1)
225 calculated for Step 4. A solution of B18-3 (28 g,
124.4 mmol) in acetic acid (500 mL) and THF (200 mL)
was charged to a Parr reactor and treated with 10%
Pd/C (8 g). The contents of the reactor were then
hydrogenated at 50 PSi hydrogen pressure and 25C for 4
hours. The mixture was filtered through a Celite(r)
bed and washed with ethanol (50 mL). The combined
filtrates were concentrated, and the resultant residue
was azeotroped with EtOAc (3 x 50 mL). The resultant
oily residue was dissolved in EtOAc(200 mL) and
maintained at 250C for 20 hours. The resultant solids
were collected and dried to provide B18 as a white
solid. Yield: 2.9 g, 81%. 1HNMR (ds-DMSO): d 7.42{s,
1H), 7.15(s, 2H), 5.7-5.98(broad, 3H), 3.72(s, 2H),
3.2(s, 3H), 2.95(s, 3H), 2.25(s, 3H) and 1.86(s, 3H).
Mass: (M+1) 229 calculated for Ci 0H16N2O2S. HPLC
Purity: 99.9%. Preparation of
N-(5-Aminomethyl-2-methyl-pyrimidin-4-yl)-N-methylmeth
ansulfonamide acetate (B19): Step 1. Preparation of
4-hydroxy-2-methylsulfanyl-pyrimidine-5-carboxylic
acid ethyl ester (B19-1): A mixture of water (410 mL)
and a 50% NaOH solution ( 115.98 g, 2899 mmol) was
cooled to 00C and treated with 2-methyl 2-thio pseudo
urea sulfate (100 g , 359 mmol). The resultant clear
solution was treated with a solution of ethoxy
methylene malonate (155.38 g, 719 mmol) in ethanol
(251 mL) and stirred until the reaction mixture was
turbid. The mixture was then allowed to warm to 255,
and it was allowed to stand at 250C for 20 hours. The
resultant solids were collected, washed with ethanol
(2 x 50 mL), and dried under reduced pressure to
provide B19-1 as a pale yellow solid. Yield: 58 g,
75%. 1HNMR (d6-DMSO): d 8.25(s, 1H), 4.12(q, 2H),
2.32(s, 3H) and 1.24(t, 3H). Step 2. Preparation of
4-chloro-2-methylsulfanyl-pyrimidine-5-carboxylic acid
ethyl ester (B19-2): Neat POCI3 (120 mL) was cooled to
100C and treated portion-wise over 4 hours with B19-1
(50 g, 232 mmol) without exceeding a temperature of
25C. The mixture was then heated at 65C. After 3 hours
the mixture was cooled to 100C, poured into crushed
ice (350 g), treated drop-wise with water (676 mL)
under vigorous stirring. The resultant solids were
collected and dried under reduced pressure to provide
B19-2 as a pale yellow solid. Yield: 22 g , 40%. 1HNMR
(CDCI3): d 8.95{s, 1H), 4.44(q, 2H), 2.62(s, 3H) and
1.42 (t, 3H). Step 3. Preparation of
4-chloro-2-methanesulfonyl-pyrimidine-5-carboxylic
acid ethyl ester (B19-3): A solution of B19-2 (40 g ,
172 mmol) in methanol (720 mL) was cooled to O0C and
treated with a slurry of oxone (317.9 g, 517 mmol) in
distilled water (720 mL). The mixture was allowed to
warm to 25C and stirred at 5 hours. The mixture was
filtered, and the solids were washed with DCM (500
mL). The resultant organic layer was collected, and
the aqueous layer was extracted with DCM (3 x 200mL).
The combined organic layers were then washed with
brine, dried over anhydrous sodium sulfate, and
concentrated to provide B19-2 as a white solid. Yield:
3 1 g, 68%. IR (cm 1) : 3015, 2932, 1734, 1550, 1445,
1391, 1325, 1258, 1222, 1142 and 1067. 1HNMR (CDCI 3)
: d 9.28(s, 1H), 4.5(q, 2H), 3.4(s, 3H) and 1.45(t,
3H). Mass: (M+1) 265 calculated for C3H9CIN2O4S. Step
3. Preparation of
4-chloro-2-methyl-pyrimidine-5-carboxylic acid ethyl
ester (B19-3): A solution of B19-2 (40 g , 151 mmol)
in THF (700 mL) was cooled to O0C and treated
drop-wise over 2 hours with a 3 molar solution of
methyl magnesium chloride in THF (54 mL, 166 mmol).
The mixture was allowed to warm to 25C and maintained
for at 25C for 4 hours. The mixture was added to water
(50OmL) and extracted with EtOAc (3 x 300 mL). The
combined organic layers were washed with brine (250
mL), dried over anhydrous sodium sulfate, and
concentrated to provide B19-2 as a brown liquid.
Yield: 30 g, 98%. IR (cp 1) : 2983, 2934, 2868, 1736,
1574, 1523, 1434, 1373, 1269, 1181 and 1070. 1HNMR
(CDCI3): d 9.1(s, 1H), 4.5(q, 2H), 2.74(s, 3H) and
1.5(t, 3H). Step 3 . Preparation of
4-(methanesulfonyl-methyl-amino)-2-methyl-pyrimidine-5
- carboxylic acid ethyl ester (B19-3): A solution of
N-methyl methane sulphonamide (18.2 g, 180 mmol) in
acetonitrile (420 mL) was cooled to 00C and treated
with cesium carbonate (68 g, 225 mmol). The mixture
was then treated over 2 hours with B19-2 (30 g, 150
mmol). The mixture was allowed to warm to 25C, and it
was maintained at 25C for 20 hours. The mixture was
then filtered, and the solids were washed with washed
with EtOAc (200 mL). The combined filtrates were
further diluted with EtOAc (500 mL), washed with water
(2 x 500 mL) and brine, and dried over anhydrous
sodium sulfate. The organic solution was then
concentrated to provide B19-3 as an orange solid.
Yield: 18 g , 44%. 1HNMR (d6-DMSO): d 8.94(s, 1H),
4.3(q, 2H), 3.25-3.3(m, 6H), 2.65(s, 3H) and 1.3(t,
3H). Mass: (M+1 ) 274 calculated for Ci0Hi 5N3O4S.
Step 4. Preparation of
4-(methanesulfonyl-methyl-arnino)-2-methyl-pyrimidine-
5- carboxylic acid amide (B19-4): A suspension of
B19-3 (10 g, 36 mmol) in 25% NH4OH (100 mL) was heated
at 32C for 20 hours. The mixture was concentrated
under reduced pressure, and the resultant residue was
triturated with EtOAc. The mixture was then filtered
and concentrated. The resultant residue was purified
by column chromatography (60-120 mesh silica gel; 10%
MeOH in CHCI3 as eluting solvent) to provide B19-4 as
a white solid. Yield: 3 g, 33%. 1HNMR (d6-DMSO): d
8.75(s, 1H),7.95(s, 1H), 7.7(s, 1H),3.3-3.42(m, 3H),
3.25(s, 3H) and 2.65(s, 3H). Mass: (M+1) 245
calculated for C8H12N4O3S.Step 5. Preparation of
N-(5-cyano-2-methyl-pyrimidin-4-yl)-N-methylmethanesul
fonamide (B19-5): A solution of B19-4 (5.2 g, 22.3
mmol) and pyridine (3.36 g, 42.6 mmol) in 1,4 dioxane
(78 mL) was cooled to 0C and treated drop-wise over 10
minutes with TFA (5.8 g, 27.7 mmol). The mixture was
allowed to warm to 250C. After 4 hours the mixture was
diluted with EtOAc (100 mL) and washed with water (2 x
200 mL). The aqueous layer was collected and washed
with EtOAc (2 x 100 mL). The combined organic layers
were then washed with brine (100 mL), dried over
anhydrous sodium sulfate, and concentrated. The
resultant residue was then washed with petroleum ether
and dried to provide B19-5 as a pale yellow solid.
Yield: 3.5 g, 76%. 1HNMR (CDCI3) : d 8.84(s, 1H),
3.54(s, 3H), 3.4(s, 3H) and 2.75(s, 3H). Mass: (M-1)
225 calculated for C8Hi 0N4O2S. Step 6. A solution of
B19-5 (5 g, 22 mmol) in 2N methanolic ammonia (350 mL)
was charged to a Parr reactor and treated with 10%
Pd/C (3.75 g , 35 mmol). The contents of the reactor
were then hydrogenated at 48 Psi hydrogen pressure and
25C for 1 hour. The mixture was filtered through a
Celite(r) bed and washed with methanol (200 mL). The
combined filtrates were concentrated, and the
resultant residue was diluted with EtOAc (25 mL) and
acetic acid ( 1 .3 g, 2 1 mmol). The mixture was
stirred for 30 minutes, and the resultant solids were
collected to provide B19 as a white solid. Yield: 4.2
g , 80%. IR (cm 1) : 3433, 3381, 3017, 2930, 1720,
1591, 1555, 1446, 1331 , 1148 and 1058. 1HNMR
(d6-DMSO): d 9.05(s, 1H), 8.5-8.7(broad s, 2H),
4.14(s, 2H), 3.24(s, 3H), 3.15(S, 3H) and 2.66 (s,
3H). HPLC Purity: 99.9%. 4-Chloro-pyrimidine
intermediates were prepared by methods similar to that
described below for compound B20. Preparation of
4-(4-chloro-5-(trifluoromethyl)pyrimidin-2-ylamino)-Nm
ethylbenzamide (B20V A solution of
2,4-dichloro-5-trifluoromethyl-pyrimidine (8.63 mmol)
in 1:1 t- BuOH/DCE (10 mL) was cooled to 5C, treated
with solid ZnBr2 (22.5 mmol), and stirred at 50C for
30 minutes. The resultant solution was maintained at
50C and treated first with solid
4-amino-N-methyl-benzamide (7.5 mmol) followed by TEA
(16.5 mmol). The resultant white mixture was allowed
to warm 250C, and it was mixed at 250C for 20hours.
The mixture was adsorbed onto silica gel, and the
fraction eluting 0-10% methanol / DCM was collected
and concentrated. The resultant residue was triturated
with water and filtered to provide B20. Yield: 3.0
mmol, 40%. LCMS 2.3 min, MZ+=331.1 1H NMR (500 MHz,
d6-DMSO) d ppm 10.89 (s, 1 H), 8.87 (s, 1 H), 8.34 (d,
J=4.67 Hz, 1 H), 7.73 - 7.89 (m, 3 H), 2.78 (d,
./=4.67 Hz, 3 H). Example 1 (R)-tert-butyl
1-(4-(4-((2-(N-methylmethan-5-ylsulfonamido)pyridin-3-
yl)methylamino)-5-(trifluoromethyl)pyrimidin-2-ylamino
)phenyl)ethylcarbamate (1) Step 1: Preparation of
(R)-tert-butyl 1-(4-nitrophenyl)ethylcarbamate (C1).
(R)-1-(4-nitrophenyl)ethanamine hydrochloride salt
(1.0g, 4.9mmol), tertbutoxycarbonyl (BOC) anhydride
(1.18g, 5.43mmol), and 10.OmL of 1M sodium 5
bicarbonate solution were dissolved in DCM (15 mL) and
allowed to stir at 25C for 24h. The organic layer was
collected, and the aqueous layer was washed with DCM.
The combined organic layers were then washed with
water and 0.1 N HCI, dried over MgSC^, filtered, and
concentrated to provide C1 as a white solid. Yield:
1.2g, 92%. GCMS= 266. 1H NMR (500 MHz, d6-DMSO) d:
8.15 (d, 2H) 7.56 (d, 1H), 7.52 (d, 2H), 4.68 



0 (m, 1H) 1.32 (s, 9H), 1.27 (d, 3H). Step 2:
Preparation of (R)-tert-butyl
1-(4-aminophenyl)ethylcarbamate (C2)A solution of C1 (
1.Og13.8mmol) in MeOH (20 ml_) was charged to a Parr
reactor, and the contents of the reactor were treated
with 10% Pd/C (800mg, 0.376mmol). The contents of the
reactor were then hydrogenated at 45 Psi hydrogen
pressure and 25C for 4 hours. The contents of the
reactor were filtered through Celite(r) and washed
with DCM. The combined filtrates were concentrated to
provide C2 as a sticky orange residue. Yield: 690mg,
78% yield. GC_MS = 236. 1H NMR (500 MHz, d6-DMSO) d:
7.07 (d, 1H)16.88 (d, 2H)16.43 (d, 2H)14.85 (s, 2H),
4.40 (m, 1H), 1.31 (S19H), 1.18 (d, 3H). Step 3.
Preparation of (R)-tert-butyl
1-(4-(4-chloro-5-(trifluoromethyl)pyrimidin-2-
ylamino)phenyl)ethylcarbamate (C3) C2 (690mg,
2.92rpmol) was dissolved in 1OmL DCE:t-BuOH ( 1 :1
vol:vol), and the resultant solution was treated with
ZnBr ( 1.97g, 8.76mmol) and 2,4-dichloro-5-
(trifluoromethyl)pyrimidine (748mg, 3.45mmol). The
resultant mixture was then treated drop-wise with T
EXA (406ml, 2.92mmol), and the mixture was allowed to
stir at 25C for about 20 hours. The reaction mixture
was concentrated, and the resultant residue was
treated with EtOAc. The resultant solution was washed
with water and brine, and dried over MgSq 4. The
mixture was then filtered, concentrated, and purified
by column chromatography eluting with 22%
EtOAc/Heptane. The product-containing eluents were
combined and concentrated to provide C3 as a white
solid. Yield: 680mg, 56%. MS- 415.2. 1H NMR (500
MHz1DMSO) d: 10.59 (s, 1H), 8.74 (s, 1H), 7.53 (d,
2H), 7.31 (d, 1H), 7.23 (d, 2H), 4.54 (m, 1H) 1 1.33
(s, 9H), 1.25 (d, 3H).Step 4. Compound C3 (100 mg,
0.24 mmol), B5 (88.5mg, 0.264mmol), and diethylamine
(DIEA) (0.127ml, 0.960mmol) were dissolved in
1,2-dichloroethane (DCE):t-BuOH (1:1vol:vol) (1.2 mL).
The resultant solution was heated at 80bC for about 20
hours, cooled to 25C, treated with EtOAc, and washed
with water. The organic phase was collected, and the
aqueous phase was washed with EtOAc. The combined
organic layers were dried over MgSO4, filtered, and
concentrated to provide 1 as a sticky residue. MS+
596.8. 1H NMR (500 MHz, dd-DMSO) d: 9.50 (s, 1H), 8.41
(m, 1H), 8.22 (s, 1H), 7.61 (m, 2H), 7.35 (m, 3H),
6.99 (d, 2H), 4.76 (d, 2H), 4.47 (m, 1H), 3.14 (s,
3H), 3.1 1 (s, 3H), 1.33 (s, 9H), 1.21 (d, 3H). The
product was used in the preparation of compound 2 in
Example 2 below without further purification. Example
2 Preparation of
(R)-N-(3-((2-(4-(1-aminoethyl)phenylamino)-5-
(trifluoromethyl)pyrimidin-4-ylamino)methyl)pyridin-2-
yl)-N-methylmethanesulfonamide hydrochloride (2) A
solution of 1 (143mg, 0.24mmol) in THF (0.3mL) was
treated with 4N HCI in dioxane (0.240ml, 0.96mmol),
and stirred at 250C for about 20 hours. The reaction
mixture was then triterated with EtOAc and filtered,
and the filtrate was concentrated to provide the HCI
salt form of 2 as a white solid. Yield: 128mg, 94%
yield. MS 494.0. 1H NMR (500 MHz, d6-DMSO): d 10.2 (s,
1H), 8.40 (m, 4H), 8.12 (s, 1H), 7.67 (d, 1H), 7.45
(m, 3H), 7.27 (d, 2H), 4.84 (d, 2H), 4.28 (m, 1H),
3.16 (s, 3H), 3.14 (s, 3H), 1.45 (d, 3H). FAK IC50 :
".000595 mM (Table 1, Example 354) Example 3
Preparation of tert-butyl
4-(4-"2-(N-methylmethan-5-ylsulfonamido)pyridin-3-
yl)methylamino)-5-(trifluoromethyl)pyrimidin-2-ylamino
)benzylcarbamate (3)Step 1: Preparation of tert-butyl
4-nitrobenzylcarbamate (C4). A stirred solution of
(4-nitrophenyl)methanamine hydrochloride (1Og,
53.0mmol) in THF (15OmL ) and water (13mL) was cooled
to 00C and treated with BOC anhydride (11.6g,
53.0mmol) and DIEA (27.7mL, 159mmol). The reaction
mixture was stirred for about 20 hours as it was
allowed to warm to 250C. The mixture was then
concentrated, and the resultant residue was dissolved
in EtOAc. The resultant solution was washed with 1N
HCI, saturated sodium bicarbonate, and brine. The
organic phase was then dried over MgSO4, filtered, and
concentrated to provide C4 as an off white solid.
Yield: 14.Og, 99%. 1H NMR (400 MHz, d6-DMSO) d: 8.16
(d, 2H), 7.55 (t, 1H), 7.46 (d, 2H), 4.21 (Cl 2H).
1.36 (s, 9H). Step 2. Preparation of tert-butyl
4-aminobenzylcarbamate (C5) C4 (7.Og, 27.7mmol) was
dissolved in dioxane (325mL), ethanol (24OmL), and
water (16OmL). The resultant solution was then treated
with Fe(O) powder (7.12g, 127.4mmol) and ammonium
chloride (5.33g, 99.7mmol), and the resultant mixture
was stirred at 7O0C for 4 hours. The reaction mixture
was cooled to 25C, filtered through Celite(r), and
washed with EtOAc. The organic solvents were
evaporated, and the resultant aqueous residue was
extracted with EtOAc. The combined organic layerswere
dried over MgSO , filtered, and concentrated to
provide C5 as a yellow solid. Yield: 6.52g, 99% yield.
1H NMR (400 MHz, db-DMSO) d: 7.146 (t, 1H), 6.87 (d,
2H), 6.48 (d, 2H), 4.95 (s, 2H), 3.92 (d, 2H), 1.38
(s, 9H). Step 3. Tert-butyl
4-(4-chloro-5-(trifluoromethyl)pyrimidin-2-
ylamino)benzylcarbamate (C6) Compound C6 was prepared
as a white solid in a manner similar to that described
in Step 3 of Example 1 except that C5 ( 1 .3Og,
5.86mmol) was used instead of C2. Yield: 1.37g, 49%.
MS 401.1. 1H NMR (400 MHz, d6-DMSO) d: 10.6 (s, 1H),
8.75 (S, 1H), 7.56 (d, 2H), 7.34 (t. 1H), 7.18 (d,
2H), 4.05 (d, 2H) 1 1.36 (s, 9H). Step 4. Compound 3
was prepared as a white solid in a manner similar to
that described in Step 4 of Example 1 except that C6 (
1 .2g, 2.98mmol) was used instead of C3, and the
resultant crude product was purified by column
chromatography, eluting with 45-55% EtOAc/Heptane.
Yield: 1.17g, 68%. MS 582.3. 1H NMR (500 MHz, d6-
DMSO) d: 9.57 (s, 1H), 8.42 (s, 1H), 8.58 (s, 1H),
7.64 (m, 2H), 7.35 (m, 4H), 6.94 (d, 2H), 4.80 (d,
2H), 3.98 (d, 2H) 1 3.16 (s, 3H), 3.14 (s, 3H), 1.39
(s, 9H). Example 4 Preparation of
N-(3-((2-(4-(aminomethyl)phenylamino)-5-
(trifluoromethyl)pyrimidin-4-ylamino)methyl)pyridin-2-
yl)-N-methylmethanesulfonamide (4)The HCI salt form of
4 was prepared as a white solid in a manner similar to
that described for preparing 2 in Example 2 except
that 3 (1.0g, 1.72mmol) was used instead of 1. The
salt form of 4 was dissolved in DCM, and was washed
with saturated sodium bicarbonate. The organic phase
was then dried over Na2SO4, filtered, and concentrated
to provide the free-base form of 4 as a foamy white
solid. Yield: 904mg, 99%. MS+ 482. 1H NMR (500 MHz
1d6-DMSO) d: 9.50 (s, 1H), 8.44 (d, 1H), 8.25 (s, 1H),
7.66 (d, 1H), 7.57 (t, 1H), 7.38 (m, 3H), 7.04 (d,
2H), 4.80 (d, 2H), 3.58 (d, 2H), 3.17 (s, 3H), 3.13
(s, 3H). FAK IC50: 0.00059 mM (Table 1, Example 104)
Example 5 Preparation of
N-(4-(4-((2-(N-methylmethan-5-ylsulfonamido)pyridin-3-
yl)methylamino)-5-(trifluoromethyl)pyrimidin-2-yIamino
)benzyl)acetamide (5) The free-base form of 4 (80mg,
0.166mmol), acetic anhydride (0.019ml, 0.199mmol), and
DIEA (0.043ml, 0.249mmol) were dissolved in THF
(0.5ml) and stirred at 250C for 24 hours. The reaction
mixture was then treated with EtOAc and washed with 1N
NaOH. The resultant organic layer was dried over MgSO
, filtered, and concentrated to provide 5 as a white
solid. Yield: 63mg, 73%. MS+ 524.5. 1H NMR (500 MHz,
de-DMSO) d: 9.55 (s, 1H), 8.44 (d, 1H) 8.25 (s, 1H),
8.22 (t, 1H), 7.60 (m, 2H), 7.38 (m, 3H), 6.96 (d,
2H), 4.80 (d, 2H), 4.1 1 (d, 2H), 3.16 (s, 3H), 3.13
(s, 3H), 1.85 (s, 3H). FAK IC50 : 0.0006 mM Example
6Preparation of
N-(3-((2-(4-(hydroxymethyl)phenylamino)-5-
(trifluorornethyl)pyrimidin-4-ylamino)methyl)pyridin-2
-yl)-N-methylmethanesulfonamide (6) Step 1.
Preparation of
(4-(4-chloro-5-(trifluoromethyl)pyrimidin-2-
ylamino)phenyl)methanol (C7): Step 1. C7 was prepared
in a manner similar to that described in for making C3
in Step 3 of Example 1 except that 4-aminobenzyl
alcohol (2.4g, 19mmol) was used instead of C2. When
the reaction was complete the reaction mixture was
concentrated and dissolved in EtOA. The resultant
solution was washed with water, brine, dried over
MgSO4, and concentrated. The resultant tan solid was
triterated with ether and a small amount of EtOAc,
filtered and concentrated to provide C7 as a tan
solid. Yield: 2.98g, 50%. MS+ 304.1 . 1H NMR (500 MHz,
d6-DMSO) d: 10.61 <s, 1H) 1 8.76 (s, 1H), 7.59 (d,
2H), 7.26 (d, 2H), 5.10 (bs, 1H), 4.43 (s, 2H). Step
2. Compound 6 was prepared in a manner similar to that
described for making compound 1 in Step 4 of Example
1, except that C7 (2.5g, 8.2mmol) was used instead C3.
When the reaction was complete the reaction mixture
was concentrated and dissolved in EtOA. The resultant
solution was washed with water, brine, and dried over
MgSO4, and concentrated. The resultant solid was
triterated with hot EtOAc, and the mixture was cooled
to 00C and filtered to provide 6 as a white solid.
Yield: 2.94g, 74%. MS+ 483.4. 1H NMR (500 MHz,
d6-DMSO) d: 9.50 (s, 1H), 8.41 (d, 1H), 8.22 (s,1H),
7.62 (d, 1H), 7.55 (t, 1H), 7.36 (m, 3H), 6.99 (d,
2H), 4.98 (t, 1H), 4.76 (d, 2H), 4.32 (d, 2H), 3.13
(s, 3H), 3.1 1 (s, 3H). FAK IC50: <0.000595 mM (Table
1, Example 319) Example 7 Preparation of
N-(3-((2-(4-(chloromethyl)phenylamino)-5-
(trifluoromethyl)pyrimidin-4-ylamino)rnethyl)pyridin-2
-yl)-N-methylmethanesulfonamide (7) A suspension of 6
(800mg, 1.66mmol) in DCM (5mL) was cooled to O0C and
treated with a solution of thionyl chloride (0.266ml,
3.65mmol) in DCM (2.0 mL). The reaction mixture was
allowed to warm to 25C and stirred at 25C for 20
hours. The reaction mixture was then treated with DCM
and washed with water (2x). The aqueous layer was
collected and washed with DCM. The combined organic
layers were then dried over MgSO4, filtered and
concentrated to provide 7 as a white solid. Yield:
668mg, 80%. 1H NMR (500 MHz, d6-DMSO) d: 6.68 (s, 1H),
8.45 (d, 1H), 8.28 (s, 1H), 7.64 (m, 2H), 7.42 (m,
3H), 7.14 (d, 2H), 4.82 (d, 2H), 4.66 (s, 2H) 3.17 (s,
3H), 3.15 (s, 3H). FAK IC60: 0.00155 mM (Table 1,
Example 348) Example 8 



Preparation of N-(3-((2-(4-((1
,3-dihydroxypropan-2-ylamino)methyl)phenylamino)-
5-(trifluoromethyl)pyrimidin-4-ylamino)methyl)pyridin-
2-yl)-N-methylmethanesulfonamide (8)A mixture of 7
(100mg, 0.200mmol), 2-amino-1,3-propanediol (90.9mg,
0.998mmol), sodium hydroxide (7.98mg, 0.200mmol) and
2-propanol (0.5mL ) was heated to reflux. After 30
minutes the mixture was cooled, treated with DCM, and
washed with water. The organic phase was dried over
MgSO , filtered and concentrated. The resultant
residue was then purified by column chromatography
{silica gel; eluting with 6% MeOH/DCM with NH OH), and
the eluents containing the product were combined and
concentrated to provide 8 as a white solid. Yield:
60.9mg, 55%. MS+ 556.2. 1H NMR (500 MHz, d6-DMSO) d:
9.48 (s, 1H), 8.41 <s, 1H), 8.21 (s, 1H), 7.59 (m,
2H), 7.34 (m, 3H), 6.99 (d, 2H), 4.75 (d, 2H), 4.35
(t, 2H), 3.58 (s, 2H), 3.34 (m, 4H), 3.12 (s, 3H),
3.09 (s, 3H), 2.45 (m, 1H). FAK IC60: O.000595 mM
(Table 1, Example 389) Example 9 Preparation of
tert-butyl
3-({4-[({2-[methyl(methylsulfonyl)amino]pyridin-3-
yl}methyl)amino]-5-(trifIuoromethyl)pyrimidin-2-yl}ami
no)benzoate (9) Step 1. Preparation of tert-butyl
3-({4-chloro-5-(trifluoromethyl)pyrimidi p-2-
yl}amino)benzoate (C8) A solution of pyrimidine (24.8
g , 115 mmol) in tert-butanol ( 150 mL) and DCE (150
mL) was treated with ZnBr2 (25.8 g, 115 mmol), and the
resultant mixture was stirred at 250C until all the
ZnBr2 dissolved. The resultant solution was cooled to
0 C and treated drop-wise with aniline (22.13 g , 115
mmol). The resultant brown mixture was then treated
drop-wise with DIEA (40.1 mL, 230 mmol). The mixture
was allowedto warm to 25CC and stirred for 16 hours
under N2 atmosphere. The mixture was concentrated, and
the resultant residue was suspended in MeOH. The
resultant white solids were collected to provide C8 as
a white solid. Yield: 22.7 grams, 53%. APCI m/z
371.8/373.8 (M ); 1H NMR (d6-DMSO) d: 10.84 (bs, 1 H),
8.85 (s, 1 h), 8.37 (bs, 1 H)1 7.92 (d, J = 7.8 Hz., 1
h), 7.62 (d, J = 7.8 Hz., 1 H), 7.48 (t, J = 7.8 Hz.,
1 H), 1.56 <s, 9 H) ppm. Step 2 . A solution of
tert-butanol (20.0 mL), DCE (20.0 mL) and DIEA (3.13
ml_, 18.0 mmol) was treated with C8 (5.60 g, 15.0
mmol) and B5 (5.02 g, 15.0 mmol), and the resulting
mixture was stirred at 80 C under an atmosphere of
nitrogen for 16 hours. The mixture was cooled to 25C
and concentrated. The resultant residue was
partitioned between EtOAc and 1 N sodium hydroxide,
and the organic phase was collected. The aqueous layer
was extracted with EtOAc, and the combined organic
phases were dried over MgSO and filtered. The
resultant filtrate was concentrated under reduced
pressure, and the resultant residue was triturated
with hot EtOAc to provide 9 as a white solid. Yield:
7.83 grams, 95%. LC/MS (standard) 25 = 3.0 min., m/z
553.6 (MH+) . HPLC (FAK1) 25 = 8.14 min. 1H NMR
(dB-DMSO) d: 9.75 (bs, 1 H), 8.44 (d, J = 5.2 Hz., 1
H), 8.29 (s, 1 H), 8.05 (bs, 1 H), 7.82 (d, J = 7.8
Hz., 1 H), 7.60 (t, J = 5.7 Hz., 1 H), 7.44 - 7.40 (m,
2 H), 7.17 (t, J = 5. 7 Hz, 1 H), 4.82 (d, J = 5.7
Hz., 2 H), 3.16 (s, 3 H), 3.13 (S, 3 H), 1.51 (s, 9 H)
ppm. FAK IC50 : 0.0006 mM Example 10 Preparation of
3-({4-[({2-[methyl(methylsulfonyl)amino]pyridin-3-yl}m
ethyl)amino]-
5-(trifluoromethyl)pyrimidin-2-yl}amino)benzoic acid
trifluoroacetic acid salt (10) A solution of 9 (7.83g,
14.1 mmol) in DCE (30.OmL) was cooled to O0C and
treated slowly with TFA (45.OmL). The resultant
orange-brown solution was allowed to slowly warm to
25C under an N2 atmosphere and stirred for 4 hours.
The mixture was then concentrated, and the resultant
residue was treated with EtOAc. The resultant white
solids were collected by filtration and washed with
EtOAc to provide the trifluoroacetatesalt form of 10.
Yield: 7.24grams, 84%. APCI m/z 496.8 (MH+), HPLC
(FAK1) 25 = 5.29 min., 1H NMR (d6-DMSO) d: 9.82 (bs, 1
H), 8.44 (d, J = 5.2 Hz., 1 H), 8.29 (s, 1 H), 8.08
(bs, 1 H), 7.79 (d, J = 7.8 Hz., 1 H), 7.60 - 7.38 (m,
4 H), 7.17 (t, J = 5.7 Hz, 1 H), 4.82 (d, J = 5.7 Hz.,
2 H), 3.16 (s, 3 H), 3.13 (s, 3 H) ppm. FAK IC50:
0.0006 mM Example 11 Preparation of
N-cyclopropyl-3-({4-[({2-[methyl(methylsulfonyl)amino]
pyridin-3-
yl}methyl)amino]-5-(trifluoromethyl)pyrimidin-2-yl}ami
no)benzamide (11) A polymer supported carbodiimide
(PS-CDI) (0.326mmol) was allowed to swell in
acetonitrile (volume of 500mL). The resultant
suspension was treated with 10 (100mg, 0.164mm'ol) and
DIEA (29mL, 0.164mmol). the resultant solution was
then treated with cyclopropylamine (19ml_, 0.164mmol).
The resultant suspension was then mixed on a shaker
plate for 16 hours. The mixture was then filtered, and
the solids washed with 10% MeOH in chloroform. The
combined filtrates were concentrated under reduced
pressure, and the resultant residue was purified over
silica (99:1:0.1 CHCI3:CH3OH:NH4OH) to provide 11 as a
white foam. Yield: 14.3mg, 16%. LC Ret. Time
(standard) = 2.1 min., m/z 536.2 (MH+) ; 1H NMR
(CD3OD) d: 8.42 (d, J = 7.8 Hz., 1 H), 8.20 (s, 1 h),
7.97 (t, J = 7.8 Hz., 1 H), 7.81 (d, J 7.8 Hz., 1 H),
1.68 (d, J = 7.8 Hz., 1 H), 7.39 - 7.34 (m, 2 H), 7.26
(t, J = 7.8 Hz., 1 H), 4.94 (s, 2 H)1 3.23 (s, 3 H),
3.14 (s, 3 H), 2.82 (m, 1 H), 0.79 (m, 2 h), 0.60 (m,
2 H) ppm. FAK IC50: 0.00186 mM Example 12 Preparation
of N-(3-((2-(4-(1-hydroxyethyl)phenylamino)-5-
(trifluoromethyl)pyrimidin-4-ylamino)methyl)pyridin-2-
yl)-N-methylmethanesulfonamide (12)Step 1.
N-(3-((2-chloro-5-(trifluoromethyl)pyrimidin-4-ylamino
)methyl)pyridin-2- yl)-N-methylmethanesulfonamide (C9)
A solution of B5 and trifluoroethanol (12OmL) was
treated with triethylamine (TEA) (16.6ml_) and stirred
at 25C for 1 hour. In a separate reaction flask, a
solution of 2,4-dichloro-5-trifluoromethylpyrimidine
(13.2g, 60.8mmol) and trifluoroethanol (12OmL) was
cooled to -450C. The cold
2,4-dichloro-5-trifluoromethylpyrimidine solution was
then treated drop-wise with the solution containing B5
and stirred at -450C for 2 hours. The mixture was
allowed to warm to 25C, and it was stirred at 25C for
about 20 hours. The reaction mixture was then
concentrated and cooled to 00C. The resultant white
mixture was diluted with EtOAc (15ml), and the solids
collected by filtration. The white solids were then
washed with water and EtOAc to provide C9. Yield:
0.7g, 45%. 1H NMR (400 MHz, d6-DMSO) d: 3.07 (S1 3H),
3.29(s, 3H), 4.68 (d, 2H), 7.39 (m, 1H), 7.72 (d,
1H)18.40 (s, 1H), 8.50 (t, 1H); ESI-MS: 396.0 (MH+) .
Step 2. A solution of C9 (0.253 mmol) and anhydrous
DMSO (0.5 ml) was treated with
1-(4-aminophenyl)ethanol (0.277 mmol) followed by
potassium phosphate dibasic (0.746mmol). The mixture
was stirred at 1000C for 1.5 days, and treated with
additional 1-(4-aminophenyl)ethanol (0.583mmol). The
mixture was stirred at 1000C for 15 hours and
concentrated. The resultant residue was purified first
by column chromatography (silica gel; 10%
(NH4OH/MeOH)/CH 2Cl2) followed by preparatory thin
layer chromatography developed in 5% MeOH/CH2CI2 to
provide 12. Yield: 13.6 mg,10.8%. 1H NMR(CD 3OD) d:
8.39(d, 1H)1 8.1 3(s, 1H), 7.73(d, 1H), 7.33(m, 3H),
7.14(d, 2H), 4.87(s, 2H), 4.72(q, 1H), 3.1 7(s, 3H),
3.1 0(s, 3H), 1.37{d, 3H). MS: m/z 497(MH +) . Example
13 Preparation of
2-fluoro-4-({4-[({2-[methyl(methylsulfonyl)amino]pyrid
in-3-
yl}methyl)amino]-5-(trifluoromethyl)pyrimidin-2-yl}ami
no)benzamide formic acid salt (13) A mixture of
4-amino-2-fluorobenzamide (1.5 eq., 189 mM) in
2-propanol (1.0 mL) was treated with C9 ( 1 equiv.,
13OuM) followed by trifluoroacetic acid (2.7 equiv.,
341 mM) and stirred in a sealed vial at 1000C for
about 20 hours. The mixture was then cooled to 25CC,
treated with DMSO, filtered, and purified on a
Shimadzu using a reverse phase Symmetry C-8 column and
eluting with 20-80%B for 10min at 40ml/min (A:0.1%
formic acid in water, B: 0.1% formic acid in
acetonitrile to provide the formic acid salt of 13 as
a cream colored solid. Yield: 17.5mg, 27%. LC-MS M+1 =
514. NMR (d6- DMSO) d: 3.13 (6H, s), 4.81 (2H, s),
7.30-7.40 (6H, m), 7.41-7.73 (2H, m), 8.3 (1H, s),
8.41 ( 1H, s), 9.96 ( 1H, s). FAK IC50 : O.000595 mM
(Table 1, Example 320)Example 14 Preparation of
3-fluoro-4-({4-[({2-[methyl(methylsulfonyl)amino]pyrid
in-3-
yl}methyl)amino]-5-(trifluoromethyl)pyrimidin-2-yl}ami
no)benzamide formic acid salt (14) Compound 14 was
prepared in a manner similar to that described Example
13 for the preparation of 13 except that
4-amino-3-fluorobenzamide ( 1 .5 equ/189 mM) was used
instead of 4-amino-2-fluorobenzamide to provide the
formic acid salt of 14 as a cream colored solid.
Yield: 26mg, 37%. LC-MS M+1 = 514. NMR (d -DMSO) d:
2.98 (3H, s), 3.09 (3H 1 s), 4.65 (2H, s), 7.35-7.66
(7H, m), 7.87 ( 1H, s), 8.23 ( 1H, s), 8.38 (1H, s),
9.19 (1H, s). FAK IC50: <0.000595 mM (Table 1, Example
322) Example 15 Preparation of
4-(4-{[(3-methanesulfonyl-methyl-amino)-pyrazin-2-ylme
thyl]-
amino}-5-(trifluoromethyl)-pyrimidin-2-ylamino)-N-meth
yl-benzamide ( 15) Step 1. A suspension of B20 (0.3
mmol), B2 (0.3 mmol), and diisopropylethyl amine (0.9
mmol) in 1:1 (v:v) DCE/tBuOH was mixed at 8O0C for 9
hours. The mixture was allowed to cool to 250C, and it
was mixed at 250C for 20 hours. The mixture was then
treated with 9:1 (v:v) ether/ethanol. The solids were
collected and washed with water to provide 15. Yield:
0.23 mmol, 78%. HPLC (KDC 10_90) 3.526 min. 1H NMR
(500 MHz, de-DMSO) d ppm 9.83 (s, 1 H), 8.69 (d,
J=2.59 Hz, 1 H), 8.58 (d, J=2.59 Hz, 1 H), 8.31 (s, 1
H), 8.20 (d, J=4.67 Hz, 1 H), 7.58 - 7.70 (m, 3 H),
7.41 (t, J=5.18 Hz1 1H), 5.00 (d, J=5.18 Hz, 2 H),
3.23 (s, 3 H)13.20 (s, 3 H), 2.75 (d, J=4.15 Hz, 3 H).
FAK IC50: <0.000595 mM (Table 1, Example 317) Example
15A Preparation of
4-(4-{[(3-methanesulfonyl-methyl-amino)-pyrazin-2-ylme
thyl]-
amino}-5-(trifluoromethyl)-pyrimidin-2-ylamino)-N-meth
yl-benzamide hydrochloride salt (15A) Step 1. A
suspension of B20 (26.3 mmol), B2 (28.9 mmol) and
diisopropylethyl amine (105 mmol) was mixed in 1:1
DCE:tBuOH (80 mL) and heated to 88 0C in a sealed
flask for 1.5 hour. The mixture turned green and a
solid precipitated. The suspension was diluted with
Et2O/EtOH (10:1) and filtered to obtain 10.1 g of a
white solid (75%). 8 g of this product was slurried in
400 mL of MeOH and to the mixture was added 18mL 4.0M
HCI in dioxane. This was stirred at room temperature
for 1 hour, then it was filtered to obtain 15A as an
off-white solid HCI salt (-quant yield). 1H 



NMR (400 MHz, DMSO-C6) d ppm 2.75 (d, J=3.74 Hz, 3 H),
3.18 (m, 6 H), 5.01 (d, J=4.98 Hz, 2 H), 7.52 (d, 2
H), 7.67 (d, J=8.72 Hz, 2 H), 7.98 (br. s., 1 H), 8.29
(d, J=4.15 Hz, 1 H), 8.42 (s, 1 H), 8.59 (d, 1 H),
8.68 (d, 1 H), 10.38 (s, 1 H). ESI-MS: 511.1 (MH+) ,
509.2 (M-H) . FAK IC50: 0.00179 mM (Table 1, Example
318) Examples 16-415 Compounds 16-415 in Examples
16-415 (see Table 1) were prepared by the methods
described above in the Detailed Description of the
Invention and as described in Examples 1-1 5A. The
amines used in these reactions were obtained
commercially and used as received, prepared as
described above for compounds B1-B20 or in Examples
1-1 5A above, or prepared by common synthetic methods
for amines known to those skilled in the art. Unless
otherwise noted, compounds having chiral centers were
prepared as racemic mixtures.Table 1 also contains
biological kinase inhibition (IC50 values) for
compounds 16-415. The present invention is not to be
limited in scope by the specific embodiments described
herein. Indeed, various modifications of the invention
in addition to those described herein will become
apparent to those skilled in the art from the
foregoing description and the accompanying figures.
Such modifications are intended to fall within the
scope of the appended claims.COMPOUNDS WITH
ANTI-CANCER ACTIVITY RELATED APPLICATIONS This
application claims the benefit of priority to
application serial no. 60/911,258, filed April 11,
2007, which is expressly incorporated herein by
reference in its entirety. FIELD OF THE INVENTION The
invention relates to novel substituted azole dione
compounds having anti-cancer activity and/or activity
against proliferating cells, and to methods of making
and using these compounds, wherein the substituted
azole dione compounds abrogate the cell cycle G2
checkpoint and/or cause adaptation to cell cycle
arrest. The invention includes the use of substituted
azole dione compounds to selectively suppress or kill
cancer cells, with or without additional anti-cancer
treatment. The invention includes the use of cell
cycle G2-checkpoint-abrogating substituted azole dione
compounds provided herein, to selectively sensitize
cancer cells to DNA damaging agents, DNA-damaging
treatments and/or other types of anti-cancer agents.
BACKGROUND The cell cycle comprises S phase (DNA
replication), M phase (mitosis), and two gap phases
(Gl and G2 phases) between S and M phases. Checkpoints
in the cell cycle ensure accurate progression through
cell cycle stages, and include monitoring DNA
integrity, DNA replication, cell size, and the
surrounding environment (Mailer (1991) Curr. Opin.
Cell Biol, 3:26). Cell cycle checkpoints that monitor
the state of genome include the Gl checkpoint prior to
onset of DNA replication and the G2 checkpoint prior
to onset of mitosis. The Gl checkpoint allows
detection and repair of DNA damage before entering S
phase, thereby providing a crucial protective function
because, when damaged DNA is replicated, it often
gives rise to mutations (Hartwell (1992) Cell 71:
543). The G2 checkpoint allows detection and repair of
DNA damage before entering mitosis (M phase),thereby
providing a crucial function because mitosis without
DNA repair may propagate the damage through
DNA-damaged daughter cells, or mitosis may fail
entirely. Progression through Gl and G2 checkpoints
without repairing extensive DNA damage usually results
in cell death. Inhibition of the cell cycle G2
checkpoint by peptides, peptidomimetics, and "small
molecules" has been used to selectively target cancer
cells because most cancer cells are defective at one
or both of the two major checkpoints of the cell cycle
that protect cells from the effects of DNA damage,
such that inhibition of the G2 checkpoint allows
DNA-damaged cells to re-enter the cell cycle without
repairing the DNA damage. (Kawabe T. (2004) "G2
checkpoint abrogators as anti-cancer drugs" MoI Cancer
Ther 3: 513-519). Although the molecular mechanism of
the cell cycle G2 checkpoint was extensively studied,
no single molecular target for the therapeutic G2
checkpoint abrogation was established in earlier
studies. A phenotype-based screening protocol has been
developed to efficiently identify potential G2
checkpoint inhibitors. (Suganuma M. & Kawabe T., EP
Application No. 00964563; Sha et al. (2007) MoI Cancer
Ther 6 : 147-153), where cell cycle phenotype-based
screening of G2 checkpoint abrogating peptides
identified CBP501 having a unique mechanism of action
at the cell cycle G2 checkpoint. (Sha et al. (2007)
MoI Cancer Ther 6: 147-153). SUMMARY OF THE INVENTION
The present invention provides compounds to treat cell
proliferation disorders. In particular, the invention
provides compounds including: tert-butyl 3-(l-
{[6-chloro-5-(trifluoromethyl)(2-pyridyl)]amino}-4-met
hyl-2,5-dioxoazolin-3-yl) propanoate (interchangeably
referred to as S001860, S01860, or S1860, i.e.,
S001860 = S01860 = S1860);
l-{[6-chloro-3-(trifluoromethyl)(2-pyridyl)]amino}-
3,4- dimethylazoline-2,5-dione (SOO109 = SO109 =
S109); 3-(Butoxymethyl)- l-{[6-chloro-
5-(trifiuoromethyl) (2-pyridyl)] amino}-
4-methylazoline- 2,5-dione (S03518); l-{[6-Chloro-
5-(trifluoromethyl) (2-pyridyl)] amino}- 4-methyl-
3-[(3-methylbutoxy) methyl] azoline- 2,5-dione
(S03405); 3-[(3,3-Dimethylbutoxy)methyl]-
l-{[6-chloro- 5-(trifluoromethyl) (2-pyridyl)] amino}-
4-methylazoline- 2,5-dione (S03747); and related
compounds, wherein these compounds, when administered
to cells or to a subject, have effects that may
include killing or suppressing undesirably
proliferating cells associated with a cell
proliferation disorder. The present invention provides
compounds that kill or suppress undesirably
proliferating cells associated with a cell
proliferation disorder. The present invention provides
compounds that abrogate the cell cycle G2 checkpoint
and/or cause adaptation to G2 cell cycle arrest. The
present invention provides compounds that abrogate the
cell cycle G2 checkpoint and/or cause adaptation to
cell cycle arrest, leading to death or suppression of
undesirably proliferating cells The present invention
provides compounds that abrogate the cell cycle G2
checkpoint and/or cause adaptation to cell cycle
arrest, leading to death or suppression of DNA-damaged
cells. The present invention provides compounds having
cytotoxic activity against cancer cells. The present
invention provides compounds having cytotoxic activity
against cancer cells, including but not limited to
DNA-damaged cancer cells. The present invention
provides compounds having cytotoxic activity against
cancer cells, including but not limited to cancer
cells in G2 cell cycle arrest due to DNA damage. The
present invention provides compounds having cytotoxic
activity against cancer cells, and little or no
cytotoxic activity against normal cells. The present
invention provides compounds that can augment the
cytotoxic effect of other anti-cancer agents and
treatments, especially DNA-damaging anti-cancer agents
and DNA-damaging anti-cancer treatments. The present
invention provides compounds that can sensitize cells
to other anti-cancer agents and treatments, especially
DNA-damaging anti-cancer agents and DNA-damaging
anti-cancer treatments. The present invention provides
methods of making and using the compounds disclosed
herein. The present invention provides pharmaceutical
compositions containing compounds of the invention.The
present invention provides compounds for use in
treating a cell proliferation disorder. The present
invention provides compounds for use in treating
cancer, e.g., for treating undesirable cell
proliferation associated with benign and malignant
tumor cells, leukemia cells, lymphoma cells, or
multiple myeloma cells. The present invention provides
compounds for use in abrogating the cell cycle G2
checkpoint in undesirably proliferating cells such as
cancer cells, e.g., benign and malignant tumor cells,
leukemia cells, lymphoma cells, or multiple myeloma
cells. The present invention provides compounds for
use in causing adaptation to G2 cell cycle arrest in
undesirably proliferating cells such as cancer cells,
e.g., benign and malignant tumor cells, leukemia
cells, lymphoma cells, or multiple myeloma cells. The
present invention provides methods for treating a cell
proliferation disorder by administering an effective
amount of a compound of the invention in vivo, ex
vivo, or in vitro. The present invention provides
methods for treating a cell proliferation disorder by
administering an effective amount of a compound of the
invention to a subject. The present invention provides
methods for treating a cell proliferation disorder
wherein the cell proliferation disorder is cancer,
including but not limited to lymphoma, myeloma, or
leukemia. The present invention provides methods for
treating cancer by administering an effective amount
of a compound and administering at least one
additional anti-cancer treatment, e.g., a DNA-damaging
agent or a DNA-damaging treatment. The invention
provides methods for killing or suppressing cells by
contacting cells with a compound of the invention or a
pharmaceutical composition of the invention, in
combination with a DNA-damaging agent or treatment.
The invention provides methods for selectively
sensitizing cells to a DNA-damaging agent and/or
treatment, by contacting cells with a compound of the
invention or a pharmaceutical composition of the
invention, in combination with the DNA-damaging agent
or treatment. The invention provides methods for
inducing apoptosis, necrosis, and/or mitotic
catastrophe in undesirably proliferating cells,
comprising an administering a compound of the
invention or a pharmaceutical composition of the
invention to thecells, in an amount sufficient to kill
or suppress the undesirably proliferating cells, with
or without administering other treatments. The
invention provides methods for inducing apoptosis,
necrosis, and/or mitotic catastrophe in undesirably
proliferating cells in a subject, comprising an
administering a compound of the invention or a
pharmaceutical composition of the invention to the
subject, in an amount sufficient to kill or suppress
the undesirably proliferating cells, with or without
administering other treatments. 



Phenotype-based screening was used to measure the
ability of compounds of the invention to cause
adaptation to G2 cell cycle arrest in G2-arrested
cells. Adaptation to G2 cell cycle arrest and re-entry
into the cell cycle can result in death of the
previously G2-arrested cell, or suppression
(inhibition) of further proliferation of the
previously G2-arrested cell. In a non-limiting
embodiment, the ability to cause adaptation to G2 cell
cycle arrest was measured by contacting cells in which
G2 arrest had been induced by irradiation (e.g., gamma
(g) radiation or X-ray radiation), with compounds of
the invention at various concentrations and, for each
compound at each concentration, determining the
percentage of cells that escaped G2 arrest and
re-entered the cell cycle, by determining the
percentage of cells in Gl phase. The IC5O value for
each compound was calculated as the dosage (usually in
mM) that caused half-maximal increase of the
percentage of cells in Gl phase (the Gl increment)
measured for that compound. Certain invention
compounds were initially identified by phenotype-based
screening of small molecule libraries for activity
against G2-arrested cells as described above. The
invention provides compounds having the formula of
Structure (I): R1 R2 ( I )wherein R1 and R2 are
independently chosen from alkyl, substituted alkyl,
optionally substituted alkoxy, optionally substituted
alkylthio, halogen, optionally substituted aryl,
optionally substituted aryloxy, optionally substituted
arylthio, or H, where R1 and R2 can also be part of a
cyclic alkylene chain that form a fused ring
structure, X is O, S, NR3, or CR4R5, Ar is aryl or
substituted aryl, including carbocyclic aryl,
heterocyclic aryl, monocyclic aryl, polycyclic aryl,
and aryl fused with non-aryl (non-aromatic) rings, R3
is H, alkyl, substituted alkyl, optionally substituted
acyl, or as part of a ring structure that connects the
N to the Ar ring, R4 and R5 are chosen independently
from H, alkyl, substituted alkyl, or both can be part
of a cyclic alkylene chain that forms a ring structure
and R4 or R5 can also be part of a ring structure that
connects to the Ar ring, or a salt of any of these
compounds. The invention provides methods for treating
a cell proliferation disorder comprising administering
to a subject an effective amount of with a compound
having the formula of Structure (I): R1 R2 (D wherein
R1 and R2 are independently chosen from alkyl,
substituted alkyl, optionally substituted alkoxy,
optionally substituted alkylthio, halogen, optionally
substituted aryl, optionally substituted aryloxy,
optionally substituted arylthio, or H, where R1 and R2
can also be part of a cyclic alkylene chain that form
a fused ring structure, X is O, S, NR3, or CR4R5, Ar
is aryl or substituted aryl, including carbocyclic
aryl, heterocyclic aryl, monocyclic aryl, polycyclic
aryl, and aryl fused with non-aryl (non-aromatic)
rings, R3 is H, alkyl, substituted alkyl, optionally
substituted acyl, or as part of a ring structure that
connects the N to the Ar ring, R4 and R5 are chosen
independently from H, alkyl, substituted alkyl, or
both can be partof a cyclic alkylene chain that forms
a ring structure and R4 or R5 can also be part of a
ring structure that connects to the Ar ring, or a salt
of any of these compounds. The invention provides
methods for treating a cell proliferation disorder
comprising administering an effective amount of with a
compound having the formula of Structure (I) in vivo,
ex vivo, or in vitro. The present invention provides
compounds that abrogate the cell cycle G2 checkpoint
and/or cause adaptation to cell cycle G2 arrest,
wherein these compounds when administered to cells or
to a subject have effects that may include killing or
suppress the growth of undesirably proliferating
cells, the compounds including: r -butyl 3-(l-{
[6-chloro-5-(trifluoromethyl)(2-pyridyl)] amino }-
4-methyl-2,5- dioxoazolin-3-yl) propanoate (SO 1860);
Ethyl 3-(
1-{[6-chloro-5-(trifluoromethyl)(2-pyridyl)]amino }-
4-methyl-2,5-dioxoazolin-3-yl) propanoate (SOl 861);
3,4-dimethyl-l-[(4,7,8-trichloro(2-quinolyl))amino]azo
line-2,5-dione (S01078);
l-[(8-bromo-4-chloro(2-quinolyl))amino]-3,4-dimethylaz
oline-2,5-dione (S01247); r -butyl 4-({
2-[(3,4-dimethyl-2,5-dioxoazolinyl)amino]-7-bromo-4-qu
inolyl } methyl) piperazinecarboxylate (SO 15 89);
Methyl 3-(l-{
[6-chloro-5-(trifluoromethyl)(2-pyridyl)]amino}-4-meth
yl- 2,5-dioxoazolin-3-yl)propanoate (S01648);
3-(1-{[6-chloro-5-(trifluoromethyl)(2-pyridyl)] amino
}-4-methyl-
2,5-dioxoazolin-3-yl)-N-methoxy-N-methylpropanamide
(S01796); 1-{[7-bromo-4-(
{4-[(2-methoxyphenyl)carbonyl]piperazinyl }methyl)
(2-quinolyl)] amino }-3,4-dimethylazoline-2,5-dione
(SO1879);
1-{[3-bromo-6-chloro-5-(trifluoromethyl)(2-pyridyl)]am
ino }- 3,4-dimethylazoline-2,5-dione (S01981);
l-{[6-chloro-3-(trifluoromethyl)(2-pyridyl)]amino}-3,4
-dimethylazoline- 2,5-dione (S00109);
l-{[6-chloro-5-(trifluoromethyl)(2-pyridyl)]methylamin
o}- 3,4-dimethylazoline-2,5- dione (S00170);
l-{[6-bromo-5-(trifluoromethyi c
2-pyridyl)]methylamino}- 3,4-dimethylazoline-2,5-
dione (S01007); l-{
[6-chloro-5-(trifluoromethyl)(2-pyridyl)]amino}-4-meth
yl- 3-(3-methylbutyl) azoline-2,5-dione (S01554); 1-
{[6-chloro-5-(trifluoromethyl)(2-pyridyl)]amino
}-3-(methoxymethyl)- 4-methylazoline-2,5-dione
(S01599);
l-{[7,8-dichloro-4-(trifluoromethyl)(2-quinolyl)]amino
}-3,4-dimethylazoline- 2,5-dione (S01455); 3-(
1-{[6-chloro-5-(trifluoromethyl)(2-pyridyl)]amino
}-4-methyl- 2,5-dioxoazolin-
3-yl)-N,N-diethylpropanamide (S01711); Diethyl 2-[( 1-
{[6-chloro-5-(trifluoromethyl)(2-pyridyl)]amino
}-4-methyl-
2,5-dioxoazolin-3-yl)methyl]propane-l,3-dioate
(S01712); N-(t rt-butyl)-3-(l-{
[6-chloro-5-(trifluoromethyl)(2-pyridyl)] amino }-
4-methyl- 2,5-dioxoazolin-3-yl)propanamide (S01758);
1- {[7-bromo-4-(
{4-[(3-methoxyphenyl)carbonyl]piperazinyl }methyl)
(2-quinolyl)] amino }-3,4-dimethylazoline-2,5-dione
(S01925); l-{[6-bromo-5-(trifluoromethyl)(2-pyridyl)]
amino }-3,4-dimethylazoline- 2,5-dione (S00994);
l-[(4,8-dichloro(2-quinolyl))amino]-3,4-dimethylazolin
e-2,5-dione (S01005);
3,4-dimethyl-l-{[6-phenyl-5-(trifluoromethyl)(2-pyridy
l)]amino} azoline-2,5-dione (SO 1266); l-{
[6-chloro-5-(trifluoromethyl)(2-pyridyl)]ammo}-3-(hydr
oxymethyl)- 4-methylazoline-2,5-dione (S01470);
N-(3,4-dimethyl-2,5-dioxoazolinyl)-N-[6-chloro-5-(trif
luoromethyl) (2-pyridyl)] acetamide (S01473);
1-{[7-bromo-4-( {4-[(2-chlorophenyl)carbonyl]
piperazinyl }methyl) (2-quinolyl)]
amino}-3,4-dimethylazoline-2,5-dione (SO 1878);3-(
1-{[6-chloro-5-(trifluoromethyl)(2-pyridyl)]amino
}-4-methyl- 2,5-dioxoazolin- 3-yl)-N-methylpropanamide
(SOl 883);
l-[(8-chloro(2-quinolyl))amino]-3,4-dimethylazoline-2,
5-dione (S00585);
3,4-dimethyl-l-[(3,4,5-trichlorophenyl)amino]azoline-2
,5-dione (S00832); 3,4-dimethyl-l-{
[4-(trifluoromethyl)(2-quinolyl)]amino}azoline-2,5-dio
ne (S00873);
l-[(7-bromo-4-chloro(2-quinolyl))amino]-3,4-dimethylaz
oline-2,5-dione (S01311);
l-{[6-(3-chloro-4-fluorophenyl)-5-(trifluoromethyl)(2-
pyridyl)]amino}- (3,4-dimethyl (3,4-dimethyl
methylazoline-2,5-dione (S013 13);
3,4-dimethyl-l-{[6-(2-methylpropyl)-5-(trifluoromethyl
)(2-pyridyl)]amino} azoline- 2,5-dione (SO 1457);
l-{[6-chloro-4-(trifluoromethyl)(2-pyridyl)]amino}-3,4
-dimethylazoline-2,5-d ione (S01737); Methyl
3-(l-{[4-({4-[(terf-butyl)oxycarbonyl]piperazinyl}meth
yl)-7-bromo (2-quinolyl)] amino
}-4-methyl-2,5-dioxoazolin-3-yl)propanoate (SO1865);
l-({4-[(4-{
[4-(dimethylamino)phenyl]carbonyl}piperazinyl)methyl]-
7-bromo (2-quinolyl)
}amino)-3,4-dimethylazoline-2,5-dione (SOl 880);
l-[(3-chloroisoquinolyl)amino]-3,4-dimethylazoline-2,5
-dione (S01098); l-{
[6-chloro-5-(trifluoromethyl)(2-pyridyl)] amino
}-3-ethyl-4- methylazoline-2,5-dione (S01553); l-{
[4-chloro-6-phenyl-5-(trifluoromethyl)(2-pyridyl)]amin
o}- 3,4-dimethylazoline -2,5-dione (S01734);
N-[l-({2-[(3,4-dimethyl-2,5-dioxoazolinyl)amino]-7-bro
mo(4-quinolyl)} methyl) pyrrolidin-3-yl]
(tert-butoxy)carboxamide (SO 1864); 1-{[7-bromo-4-(
{4-[(4-fluorophenyl)carbonyl]piperazinyl }methyl)
(2-quinolyl)] amino}-3,4-dimethylazoline-2,5-dione
(SOl 877);
6-[(3,4-dimethyl-2,5-dioxoazolinyl)amino]-3-(trifluoro
methyl)pyridine2-carbonitrile (S01475);
2-{[6-chloro-5-(trifluoromethyl)-2-pyridyl]amino}-
4,5,6,7-tetrahydroisoindole- 1,3-dione (SOO 186); l-{
[4-bromo-3-(trifluoromethyl)phenyl]amino}-3,4-dimethyl
azoline-2,5-dione (S00516);
l-[(4-chloronaphthyl)amino]-3,4-dimethylazoline-2,5-di
one (S00738);
l-[(4-chloro-6-methyl(2-quinolyl))amino]-3,4-dimethyla
zoline-2,5-dione (S00935); 



l-[(4-bromonaphthyl)amino]-3,4-dimethylazoline-2,5-dio
ne (S00942);
1-{[7-bromo-4-(hydroxymethyl)(2-quinolyl)] amino
}-3,4-dimethylazoline- 2,5-dione (S01037);
{2-[(3,4-dimethyl-2,5-dioxoazolinyl)amino]-7-bromo-4-q
uinolyl} methylacetate (S01047);
1-{[8-chloro-4-(4-methoxyphenyl)(2-quinolyl)]amino
}-3,4-dimethylazoline- 2,5-dione (S01191);
l-[(4-chlorobenzo[h]quinolin-2-yl)amino]-3,4-dimethyla
zoline-2,5-dione (S01207);
l-[(7-bromo-4-{[4-benzylpiperazinyl]methyl}(2-quinolyl
))amino]- 3,4-dimethylazoline-2,5-dione (S01268);
l-{[6-(4-chlorophenyl)-5-(trifluoromethyl)(2-pyridyl)]
amino}- 3,4-dimethylazoline- 2,5-dione (S01371);
3,4-dimethyl-l-{[6-(4-methylphenyl)-5-(trifluoromethyl
)(2-pyridyl)]amino} azoline-2,5-dione (S01393);
1-{[6-(3-chlorophenyl)-5-(trifluoromethyl)(2-pyridyl)]
amino }- 3,4-dimethylazoline- 2,5-dione (S01474);
l-{[6-chloro-5-(trifluoromethyl)(2-pyridyl)]methylamin
o}- 3-(methoxymethyl)-4- methylazoline-2,5-dione
(S01600);
Phenylmethyl4-({2-[(3,4-dimethyl-2,5-dioxoazolinyl)ami
no]-7-bromo- 4-quinolyl} methyl)piperazinecarboxylate
(S01683); IOl-{
[6-chloro-2-phenyl-3-(trifluoromethyl)(4-pyridyl)]amin
o}- 3,4-dimethylazoline- 2,5-dione (SO 1688);
3,4-dimethyl-l-({6-[3-(trifluoromethyl)phenyl](2-pyrid
yl)}amino)azoline- 2,5-dione (S01691);
l-[(7-bromo-4-{[4-(phenylcarbonyl)piperazinyl]methyl}(
2-quinolyl))amino]- 3,4-dimethylazoline-2,5-dione
(S01699); 3-( 1-
{[6-chloro-5-(trifluoromethyl)(2-pyridyl)] amino
}-4-methyl- 2,5-dioxoazolin-
3-yl)-N-methyl-N-phenylpropanamide (SO 1759);
3,4-dimethyl-
1-{[6-benzyl-5-(trifluoromethyl)(2-pyridyl)]amino
}azoline- 2,5-dione (S01762); 1-{[4-(
{4-[(2,4-dimethylphenyl)carbonyl]piperazinyl
}methyl)-7-bromo (2-quinolyl)]
amino}-3,4-dimethylazoline-2,5-dione (S01800); 1-
{[7-bromo-4-({4-[(4-methoxyphenyl)carbonyl]piperazinyl
Jmethyl) (2-quinolyl)]
amino}-3,4-dimethylazoline-2,5-dione (SO 1801);
N-[6-chloro-5-(trifluoromethyl)(2-pyridyl)]-N-[4-(hydr
oxymethyl)-3-methyl- 2,5-dioxoazolinyl]acetamide
(S01820);
l-[(7-bromo-4-{[4-(phenylsulfonyl)piperazinyl]methyl}(
2-quinolyl))amino]- 3,4-dimethylazoline-2,5-dione
(S01822);
l-[(4-chloro-8-methyl(2-quinolyl))amino]-3,4-dimethyla
zoline-2,5-dione (S00871); tert-butyl 4-[(
{2-[(3,4-dimethyl-2,5-dioxoazolinyl)amino]-7-bromo-4-q
uinolyl } methyl)amino] piperidinecarboxylate (SO
1862); t r -butyl 4-[4-({
2-[(3,4-dimethyl-2,5-dioxoazolinyl)amino]-7-bromo-
4-quinolyl }methyl)piperazinyl]piperidinecarboxylate
(S01928); l-[(4-{
[4-(3,3-dimethylbutanoyl)piperazinyl]methyl
}-7-bromo(2-quinolyl)) amino]
-3,4-dimethylazoline-2,5-dione (S01929); Methylethyl
3-(l-{[6-chloro- 5-(trifluoromethyl) (2-pyridyl)]
amino }- 4-methyl- 2,5-dioxoazolin- 3-yl) propanoate
(S02022); Methylpropyl 3-(l-{ [6-chloro-
5-(trifluoromethyl) (2-pyridyl)] amino}-4-methyl-
2,5-dioxoazolin- 3-yl) propanoate (S02264); tert-butyl
2-(l-{ [6-chloro- 5-(trifluoromethyl) (2-pyridyl)]
amino }-4-methyl- 2,5-dioxoazolin- 3-yl) acetate
(S02225); l-{[6-chloro- 5-(trifluoromethyl)
(2-pyridyl)] amino}-3-(ethoxymethyl)- 4-methylazoline-
2,5-dione (S02366); 3-butyl- l-{[6-chloro-
5-(trifluoromethyl) (2-pyridyl)] amino }-
4-methylazoline- 2,5-dione (S03448); l-{[6-chloro-
5-(trifluoromethyl) (2-pyridyl)] amino}- 4-methyl-
3-[2-(2-methyl (l,3-dioxolan-2-yl)) ethyl]
azoline-2,5-dione (S03456); l-{
[6-chloro-5-(trifluoromethyl)(2-pyridyl)]amino}-3-
[(2-methoxyethoxy)methyl]-4-methylazoline-2,5-dione
(S03742);
l-{[6-chloro-5-(trifluoromethyl)(2-pyridyl)]amino}-4-(
3-hydroxyhexyl)- 3-methylazoline-2,5-dione (S03552);
1-{[6-chloro-5-(trifluoromethyl)(2-pyridyl)]amino
}-4-(3-hydroxypentyl)- 3-methylazoline-2,5-dione
(S03745);
l-{[6-chloro-5-(trifluoromethyl)(2-pyridyl)]amino}-4-m
ethyl- 3-[(3-methylbutoxy)methyl] azoline-2,5-dione
(S03405);
3-(butoxymethyl)-l-{[6-chloro-5-(trifluoromethyl)(2-py
ridyl)]amino}- 4-methylazoline-2,5-dione (S03518);
3-[(3,3-dimethylbutoxy)methyl]-l-{
[6-chloro-5-(trifluoromethyl)
(2-pyridyl)]amino}-4-methylazoline-2,5-dione (S03747);
l-{
[6-chloro-5-(trifluoromethyl)(2-pyridyl)]amino}-3-(2-e
thoxyethyl)- 4-methylazoline-2,5-dione (S03960);
l-{[6-chloro-5-(trifluoromethyl)(2-pyridyl)]amino}-4-m
ethyl- 3-[(2-methylpropoxy)methyl]azoline-2,5-dione
(S03963);
3-[(2,2-dimethylpropoxy)methyl]-l-{[6-chloro-5-(triflu
oromethyl) (2-pyridyl)]amino
}-4-methylazoline-2,5-dione (S03962);
4-[(l,3-dimethylbutoxy)methyl]-l-{[6-chloro-5-(trifluo
romethyl) (2-pyridyl)]amino}-3-methylazoline-2,5-dione
(S03964);4-[(
rt-butoxy)methyl]-1-{[6-chloro-5-(trifluoromethyl)(2-p
yridyl)] amino }- 3-methylazoline-2,5-dione (S03873);
l-{[6-chloro-5-(trifluoromethyl)(2-pyridyl)]amino}-4-m
ethyl- 3-[2-(2-methylpropoxy)ethyl]azoline-2,5-dione
(S03955); 1-
{[6-chloro-5-(trifluoromethyl)(2-pyridyl)] amino
}-4-methyl-
3-[2-(3-methylbutoxy)ethyl]azoline-2,5-dione (S03956);
l-{[6-chloro-5-(trifluoromethyl)(2-pyridyl)]amino}-3-m
ethyl- 4-(2-propoxyethyl)azoline-2,5-dione (S04034);
or a salt of any of these compounds. Additional
embodiments of the invention have been synthesized and
tested, and details are set forth in the description
below and in the examples, tables, and figures
(drawings) presented herein. Other features, objects,
and advantages of the invention will be apparent from
the description, examples, tables, drawings, and from
the claims. Compositions containing compounds having
any of the following structures are not being
claimed:BRIEF DESCRIPTION OF THE DRAWINGS Figure 1
shows the percentage of cells in Gl phase after Jurkat
cells pre-arrested at the G2 phase by X-ray
irradiation (10 Gy) are treated with compounds S00109
(unfilled diamonds) and S01860 (solid diamonds), at
the indicated dosages, for 24 hours. Figure 2 shows
the level of histone H3 phosphorylation (%) in Jurkat
cells pre-arrested at the G2 phase by X-ray
irradiation (10 Gy) and treated with compound S00109
at 1 mM (unfilled squares) and 0.3 mM (solid circles)
for treatment times up to 24 hours. Figure 3 is an
image of an immunoblot showing levels of
phosphorylated gH2AX after sequential treatment of
Jurkat cells with X-ray irradiation (total dose 10 Gy)
and compound S00109 at 1 mM at and for the times
indicated, where phosphorylated gH2AX was detected
using anti-phospho-histone H2AX and 10 minute exposure
of the immunoblot, from left to right: M shows
labelled molecularweight standards; Lane 1 shows cells
that received no irradiation and no S00109 treatment
(control cells); Lane 2 shows irradiated cells at 24
hours after irradiation and no SOO109 treatment; Lane
3 shows irradiated cells at 48 hours after irradiation
and no S00109 treatment; Lane 4 shows irradiated cells
after 0 hours of S00109 treatment (at 24 hours after
irradiation); Lane 5 shows irradiated cells after 3
hours of SOO109 treatment (at 27 hours after
irradiation); Lane 6 shows irradiated cells after 9
hours of S00109 treatment (at 33 hours after
irradiation); Lane 7 shows irradiated cells after 15
hours of SOO 109 treatment (at 39 hours after
irradiation); Lane 8 shows irradiated cells after 2 1
hours of S00109 treatment (at 45 hours after
irradiation); Lane 9 shows irradiated cells after 24
hours of SOO109 treatment (at 48 hours after
irradiation). Figure 4 shows colony counts (y-axis)
after treatment of HCT 116 cells with compound SOO109
at concentrations from 0 to 4 mM (x-axis) for cells
treated with compound SOO 109 alone and no irradiation
(0 Gy represented by unfilled circles) and cells
treated with compound S00109 in combination with X-ray
irradiation (total dose 1 Gy, represented by solid
circles; total dose 3 Gy, represented by unfilled
squares), where the decrease in colony counts is a
measure of cell growth suppression and/or cell death.
Figure 5 shows the percentage of cells in subGl phase
(y-axis) after in vitro treatment of ARH-77 with
compound SOO109 at concentrations from 0 to 10 mg/ml
(x-axis) as follows: ARH-77 cells treated with
compound SOO109 alone at the concentrations indicated
on the x-axis ("S 109OnIy" represented by solid
diamonds, solid line); ARH-77 cells treated with
compound SOO109 at the concentrations indicated on the
x-axis, in combination with dexamethasone at 2ng/ml
("Dex2ng/ml" represented by unfilled squares,
short-dash line); ARH-77 cells treated with compound
SOO 109 at the concentrations indicated on the x-axis,
in combination with dexamethasone at 20ng/ml
("Dex20ng/ml" represented by unfilled triangles,
dot-dash line); and ARH-77 cells treated with compound
S00109 at the concentrations 



indicated on the x-axis, in combination with
dexamethasone at 200ng/ml("Dex200ng/ml" represented by
unfilled circles, long-dash line); where subGl phase
indicates cell death. Figure 6 shows a survival
analysis for SCID mice intraperitoneally transplanted
with 1.9 x 106ARH-77 cells, for up to 80 days after
transplantation (x-axis, days after transplantation;
y-axis, % of mice surviving) for mice treated by
intraperitoneal injection on Day 1, Day 2, and Day 3
after transplantation as follows: control mice treated
with vehicle alone ("Control" dashed line); mice
treated with 50 mg/kg compound S00109 ("S 109" solid
line); and mice treated with 2 mg/kg dexamethasone
("Dexa" dot-dash line). Figure 7 shows a survival
analysis for SCID mice intraperitoneally transplanted
with 0.8 x 106 ARH-77 cells, for up to 85 days after
transplantation (x-axis, days after transplantation;
v-axis, % of mice surviving), for mice treated by a
single oral administration of compounds on Day 1 after
transplantation as follows: control mice orally
treated with vehicle alone ("Control" solid line);
mice orally treated with 750 mg/kg compound S00109 ("S
109" dot line); and mice orally treated with 750 mg/kg
compound S001860 ("S 1860" dash line). Figure 8 shows
a survival analysis for SCID mice intraperitoneally
transplanted with 4.1 x 106 ARH-77 cells, for up to 50
days after transplantation (x-axis, days after
transplantation; y-axis, % of mice surviving), for
mice treated by once-daily oral administration of
compounds on Day 1 and on Day 2 after transplantation
as follows: control mice orally treated once daily for
two days with vehicle alone ("CONT" solid line); mice
orally treated once daily for two days with 250 mg/kg
compound S003518 ("S3518" dot line); mice orally
treated once daily for two days with 250 mg/kg
compound S003405 ("S3405" dash line); and mice orally
treated once daily for two days with 250 mg/kg
compound S003747 ("S3747" dot-dash line).DETAILED
DESCRIPTION OF THE INVENTION Definitions Unless
defined otherwise, technical and scientific terms used
herein have the meaning commonly understood by a
person skilled in the art to which this invention
belongs. As used herein, the following terms have the
meanings ascribed to them unless specified otherwise.
All publications, patents, and patent applications and
ATCC deposits cited herein, are hereby expressly
incorporated by reference for all purposes. The terms
"DNA-damaging treatment" and "DNA-damaging agent"
refer to any agent or treatment that directly or
indirectly damages DNA, including but not limited to,
DNA-damaging drugs (agents), irradiation with
DNA-damaging levels of X, gamma (g), or UV radiation,
various kinds of environmental shock, and the like. It
is understood that a DNA-damaging treatment or
DNA-damaging agent may act directly on DNA, e.g., to
disrupt DNA structure or interfere with DNA synthesis,
or may act indirectly on DNA by its effects on other
cellular systems involved in DNA synthesis and
replication, e.g., to disrupt or inhibit the functions
of microtubules or DNA topoisomerase. Specific
examples of DNA-damaging agents include but are not
limited to alkylating agents, nitrosoureas,
anti-metabolites, plant alkaloids, plant extracts,
radioisotopes, steroid hormones. Additional examples
of DNA-damaging agents also include but are not
limited to agents known as "DNA-damaging drugs" or
"anti-cancer drugs" or "anti-cancer agents" or
"DNA-damaging anti-cancer agents," e.g.,
5-fluorouracil (5-FU), capecitabine, S-I (Tegafur,
5-chloro-2,4-dihydroxypyridine and oxonic acid),
5-ethynyluracil, arabinosyl cytosine (ara-C),
5-azacytidine (5-AC), 2',2'-difluoro-2'-deoxycytidine
(dFdC), purine antimetabolites (mercaptopurine,
azathiopurine, thioguanine), gemcitabine (Gemzar(r)),
bortezomib (Velcade(r)) pentostatin, allopurinol,
2-fluoro-arabinosyl-adenine (2F-ara-A), hydroxyurea,
sulfur mustard (bischloroetyhylsulfide),
mechlorethamine, melphalan, melpharan, vincristine,
chlorambucil, cyclophosphamide, ifosfamide, thiotepa,
AZQ, mitomycin C,dianhydrogalactitol, dibromoducitol,
alkyl sulfonate (busulfan), nitrosoureas (BCNU, CCNU,
4-methyl CCNU or ACNU), procarbazine, decarbazine,
rebeccamycin, anthracyclins such as doxorubicin
(adriamycin; ADR), daunorubibcin (Cerubicine),
idarubicin (Idamycin) and epirubicin (Ellence),
anthracyclin analogues such as mitoxantrone,
actinimycin D, non intercalating topoisomerase
inhibitors such as epipodophyllotoxins
(etoposide=VP16, teniposide=VM-26), podophylotoxin,
bleomycin (Bleo), pepleomycin, taxanes, compounds that
form adducts with nucleic acid including platinum
derivatives, e.g., cisplatin (CDDP), trans analogue of
cisplatin, carboplatin, iproplatin, tetraplatin and
oxaliplatin, as well as camptothecin, topotecan,
irinotecan (CPT-Il), and SN-38. Specific examples of
DNA-damaging treatments include radiation e.g.,
ultraviolet (UV), infrared (IR), X-ray, a- (alpha), b-
(beta), or g- (gamma) radiation, as well as
environmental shock, e.g., hyperthermia. One of skill
in the art can identify and use other DNA-damaging
agents and treatments. The term "compound of the
invention" is intended to refer to a molecule having
the structure and activity disclosed herein. A
compound of the invention can be isolated, pure,
substantially pure, or may be in a composition
containing a mixture of other components. Purity of a
composition containing a compound of the invention can
be determined, for example, using analytical chemistry
techniques such as high performance liquid
chromatography (HPLC), or liquid chromatography-mass
spectrometry (LC-MS) or gas chromatography-mass
spectrometry (GS-MS), or other analytical techniques
known to one of skill in the art. A composition as
provided herein may contain one or more compounds of
the invention, in a mixture with suitable vehicles,
carriers, excipients, inert ingredients, and the like.
If desired, a composition as provided herein may
contain additional active ingredients including
DNA-damaging agents and the like, as well as one or
more compounds of the invention, in a mixture with
suitable vehicles, carriers, excipients, inert
ingredients, and the like. The terms "pharmaceutical
composition" or "medicament" refer to a composition
suitable for pharmaceutical use in a subject, e.g., as
a anti-cancer agent.The subject may be any animal
wherein compounds of the invention abrogate the cell
cycle G2 checkpoint and/or cause adaptation to G2
arrest. In particular, the subject may be a mammal,
e.g., a horse, cow, dog, cat, or human. A
pharmaceutical composition of the invention is a
formulation that can comprise a pharmacologically
effective amount of at least one compound of the
invention and a pharmaceutically acceptable carrier.
The terms "cell proliferation disorder" or
"proliferative disorder" or "cell proliferative
disorder" or "proliferative condition" or "condition
characterized by undesirable cell proliferation" or
any grammatical equivalent thereof, are understood to
refer any pathological or non-pathological
physiological condition characterized by aberrant or
undesirable proliferation of at least one cell,
including but not limited to conditions characterized
by undesirable or unwanted or aberrant cell
proliferation, conditions characterized by undesirable
or unwanted or aberrant cell survival, and conditions
characterized by deficient or aberrant apoptosis. The
term "cell proliferation" and grammatical equivalents
thereof, is understood to encompass both an increase
in the number of cells as a result of cell division,
as well as an increase in the total mass of cells as a
result of cell growth, e.g., by growth of daughter
cells after mitosis. One non-limiting example of a
"cell proliferation disorder" or "proliferative
disorder" or "proliferative condition" or "condition
characterized by undesirable cell proliferation" is
cancer, e.g., undesirable or unwanted or aberrant
proliferation and survival of cancer cells such as
cells associated with lymphoma, myeloma, sarcoma,
leukemia, or other neoplastic disorders disclosed
elsewhere herein and known to one of skill in the art.
The terms "kill or suppress cells" or "killing or
suppressing cells" or "kill or suppress undesirably
proliferating cells" or "kill or suppress target
cells" or any grammatical equivalent thereof, are
understood to refer to results of being contacted with
an effective amount of a compound of the invention.
The terms "kill" or "killing" are understood to refer
to cell death resulting from the effects of a compound
of the invention on a cell, in particular death of an
undesirably proliferating cell suchas a cancer cell,
where death may be due to apoptosis, mitotic
catastrophe, necrosis, or another cause, depending on
the circumstances of the cell. The terms "suppress" or
"suppressing" are understood to refer to suppression
of cell proliferation resulting from effects of a
compound of the invention on a cell, where suppression
may be partial or complete. A compound of the
invention may cause partial suppression of a cell,
such that the cell may cease dividing but continue to
grow, or the cell may divide much more slowly, or the
cell may grow much more slowly, or a cancer cell may
not progress from a pre-metastatic state to a
metastatic state, etc. A compound of the invention may
cause complete suppression wherein a cell neither
divides nor grows, in particular, wherein an
undesirably proliferating cell neither divides nor
grows. The terms "effective amount" or "sufficient
amount" or any grammatical equivalent thereof, are
understood to refer to an amount of a compound of the
invention sufficient to produce at least one desired
effect. Effective amounts are determined by any of a
variety of measurements including but not limited to:
cell death; decreased cell proliferation; decreased
numbers of cells; inhibition of cell growth; decreased
cell size; decreased cell survival; decreased cell
metabolism; apoptosis; mitotic catastrophe; adaptation
to cell cycle arrest {i.e., escape from cell cycle
arrest, usually leading to re-entry into the cell
cycle); markers of cell damage or cytotoxicity;
indirect indicators of cell damage or cytotoxicity
such as tumor shrinkage; improved survival of a
subject; or disappearance of markers associated with
undesirable, unwanted, or aberrant cell proliferation.
For example, where it is desired to inhibit
undesirable proliferation of a particular cell or cell
type, an effective amount will be an amount that
detectably decreases cell division, or decreases cell
metabolism, or increases cell death, or decreases cell
survival, of that cell or cell type. 



A desired effect may be a selective effect, e.g., an
"effective amount" is an amount that kills or
suppresses target cells while having little or no
cytotoxic effect on non-target cells, or an amount
that produces a desired therapeutic benefit in a
subject having a cell proliferation disorder, while
having little or no adverse effect on the subject. A
cell proliferation disorder can be treated by
administering an effectiveamount of at least one
compound of the invention, where the effective amount
of at least one compound can be administered in vitro
or ex vivo to treat cells, or the compound can be
administered in vivo to a subject having a cell
proliferation disorder. The terms "cell cycle G2
checkpoint" or "G2 checkpoint" or any grammatical
equivalent thereof, refer to the G2 checkpoint
occurring at the end of G2 phase of the cell cycle.
During the G2 "gap" phase between DNA synthesis (S
phase, DNA replication in preparation for mitosis) and
mitosis (M phase, cell division to produce daughter
cells), the cell continues to grow and produce new
proteins. The G2 checkpoint at the end of the G2 phase
is a control checkpoint where a number of factors are
checked to ensure the cell is ready to enter mitosis
(M phase). Functions of the G2 checkpoint includes
detecting DNA damage. If the G2 checkpoint is passed,
then entry into M phase is initiated. If the G2
checkpoint detects DNA damage, the G2 checkpoint can
generate a signal leading to "cell cycle arrest" or
"G2 cell cycle arrest" or G2 arrest," that restricts
the onset of mitosis until DNA replication and repair
are complete, thereby preventing transmission of DNA
damage to daughter cells. It is understood that,
because DNA damage can trigger or activate the G2
checkpoint and certain G2 checkpoint-related cellular
activities, the term "DNA damage-induced G2
checkpoint" and grammatical equivalents thereof, can
also be used in certain contexts. It is further
understood that the DNA damage-induced G2 checkpoint
can be induced or triggered by DNA-damaging agents or
treatments. The terms "abrogate the G2 checkpoint" or
"abrogate the cell cycle G2 checkpoint" or "abrogation
of the G2 checkpoint" or "G2 abrogation" or "G2
checkpoint abrogation" or "disrupt the G2 checkpoint"
or "inhibit the G2 checkpoint" or "suppress the G2
checkpoint" or any grammatical equivalent thereof, are
intended to refer to the ability of compounds of the
invention to abrogate, disrupt, inhibit, repress, or
suppress the G2 checkpoint. A cell in which the G2
checkpoint is abrogated may have a complete absence of
the activity of the G2 checkpoint (G2 checkpoint
arrest, or complete G2 checkpoint abrogation). A cell
in which the G2checkpoint is abrogated may exhibit a
decrease in the length of time the cell is in the G2
checkpoint, e.g. a G2 checkpoint having a decrease in
duration of minutes, hours, days, weeks or longer
under appropriate conditions. For example, a decrease
in the length of G2 checkpoint time would mean that a
cell which is normally in G2 for a certain time, e.g.,
4 hours, when contacted with an invention compound, is
in G2 for less than 4 hours, e.g., 3.5, 3, 2.5, 2, 1
or fewer hours. Thus, "G2 checkpoint abrogation"
refers to any amount of abrogation of the G2
checkpoint. It is understood that the result of G2
checkpoint abrogation is that the cell will enter
mitosis (M phase) without DNA repair, which should
have little or no deleterious effect on undamaged
(normal) cells, and which should result in severe
adverse effects on DNA-damaged cells, often leading to
cell death due to apoptosis, mitotic catastrophe, or
necrosis. "Cell cycle arrest" or "G2 cell cycle
arrest" or "G2 arrest" "G2-M cell cycle arrest" or any
grammatical equivalent thereof, refers to a state
wherein a cell does not exit G2 to enter mitosis (M
phase) such that the cell is considered to be
'arrested' at the G2 phase. G2 cell cycle arrest is
often observed in DNA-damaged cells such as many
cancer cells. G2 cell cycle arrest can result from any
of a number of cellular activities, including but not
limited to certain activities of the G2 checkpoint.
The DNA damage found in many cancer cells can trigger
G2 cell cycle arrest. G2 cell cycle arrest can be
induced or enhanced by treating a cell with
DNA-damaging agents such as adriamycin, doxorubicine,
or bendamustine (an alkylating agent), or DNA-damaging
treatments such as irradiation with a triggering dose
of X, gamma (g), or UV radiation (sometimes referred
to as "radiation-induced G2 arrest"). "Adaptation" or
"adaptation to cell cycle arrest" or "adaptation to G2
cell cycle arrest" or "adaptation to G2 arrest" refers
to lifting or abrogation of G2 cell cycle arrest, such
that formerly arrested cells re-enter the cell cycle.
Adaptation to G2 cell cycle arrest likewise refers to
escape from G2 cell cycle arrest. Compounds of the
present invention can cause adaptation to G2 cell
cycle arrest in G2-arrested cells. In accordance with
one aspect of the invention, "adaptation" or
"adaptation tocell cycle arrest" or "adaptation to G2
cell cycle arrest" or "adaptation to G2 arrest" can
refer to escape from a condition of G2 cell cycle
arrest imposed by G2 checkpoint activation, in
particular, G2 cell cycle arrest imposed by activation
of the DNA-damage-induced G2 checkpoint. It is
understood that adaptation to G2 cell cycle arrest
results in formerly G2-arrested cells re-entering the
cell cycle without repairing the DNA damage that
triggered the G2 arrest. Adaptation to G2 cell cycle
arrest, wherein DNA-damaged cells re-enter the cycle,
often results in cell death due to apoptosis, mitotic
catastrophe, or necrosis. Because the mechanism that
promotes the cell cycle G2 arrest after DNA damage
appears to be conserved among species from yeast to
human, it is understood that compounds of the present
invention can cause adaptation to G2 cell cycle arrest
in numerous species, in particular in all eukaryotic
species. While the G2 checkpoint-abrogating activity
of the compounds of the invention may be related to
the ability to cause adaptation to G2 cell cycle
arrest, it is also understood that compounds of the
invention may cause adaptation to G2 cell cycle arrest
by other mechanisms unrelated to abrogation of the G2
checkpoint. Thus, depending on the particular
circumstances and without wishing to be limited by
this definition, abrogation of the G2 checkpoint can
refer, at least in part, to abrogating the ability of
a cell to arrest the cell cycle at the G2 checkpoint,
leading to adaptation to G2 cell cycle arrest. In
particular, abrogation of the DNA damage-induced G2
checkpoint by compounds of the invention, under
conditions that would normally trigger G2 cell cycle
arrest, can include abrogation of a
G2-checkpoint-generated signal involved in triggering
G2 cell cycle arrest. The term "apoptosis" refers to
programmed cell death, and associated changes in cell
physiology, including nucleic acid fragmentation,
caspase activation, chromosome condensation, etc. , as
is understood in the art. The term "mitotic
catastrophe" refers to cell death resulting from one
or more errors in the mitotic process.The term
"necrosis" refers to cell death, often resulting from
damage or accident, often characterized by cell
swelling, chromatin digestion, disruption of plasma
membrane and organelle membranes, DNA hydrolysis,
vacuolation of the endoplasmic reticulum, organelle
breakdown, and cell lysis. The term "subject" is
understood to refer to animals, typically mammalian
animals, such as primates (humans, apes, gibbons,
chimpanzees, orangutans, macaques), domestic animals
(dogs and cats), farm animals (horses, cattle, goats,
sheep, pigs) and experimental animals (mouse, rat,
rabbit, guinea pig). Subjects include animal disease
models (e.g., tumor-prone mice, tumor-bearing mice, or
mice receiving xenograft tumors). As used herein, the
singular forms "a," "an," "the," and "is" include
plural referents unless the context clearly indicates
otherwise. Thus, for example, reference to "a
compound" includes a plurality of compounds and
reference to "a residue" or "an amino acid" includes
reference to one or more residues and amino acids.
Chemical terminology "Alkyl" refers to an aliphatic
hydrocarbon group. An alkyl group may be optionally
substituted. "Substituted alkyl" refers to an alkyl
group that is substituted by one or more substituents
such as halogen (Cl, Br, F, I), C3 to C7 cycloalkyl,
optionally substituted aryl, optionally substituted
heteroaryl, Cl to C6 alkoxy, optionally substituted
aryloxy, hydroxy, optionally substituted amino,
optionally substituted cyclic amino, nitro, thio,
cyano, oxo, Cl to C7 acyl, Cl to C7 acyloxy, carboxy,
Cl to C6 alkoxycarbonyl, optionally substituted
carbamoyl, optionally substituted cyclic
aminocarbonyl, b-mercapto, Cl to C4 alkylthio, Cl to
C4 alkylsulfinyl, or Cl to C4 alkylsulfonyl groups.
Substituted alkyl groups may have one, two, three,
four, five, or more substituents, and multiply
substituted alkyl groups may be substituted with the
same or with different substituents. The alkyl group
may be a saturated alkyl without any alkene or alkyne
moieties, or an unsaturated alkyl having at least one
alkene or alkyne moiety. An "alkene" moiety refers to
agroup consisting of at least two carbon atoms and at
least one carbon-carbon double bond, and an "alkyne"
moiety refers to a group consisting of at least two
carbon atoms and at least one carbon-carbon triple
bond. The alkyl moiety, whether substituted or
unsubstituted, saturated or unsaturated, may be
branched, straight chain, or cyclic. Typical alkyl
groups include, but are in no way limited to, methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, tertiary
butyl, pentyl, hexyl, ethenyl, propenyl, butenyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and
the like. "Alkoxy" refers to an OR group, wherein R is
an alkyl or substituted alkyl. Preferred alkoxy groups
are "Cl to C6 alkoxy" such as methoxy, ethoxy,
n-propoxy, isopropoxy, n-butoxy, t-butoxy, and like
groups. The term "alkylthio" refers to sulfide groups
such as methylthio, ethylthio, n-propylthio,
isopropylthio, n-butylthio, t-butylthio, and like
groups. The term "alkylsulfoxide" indicates sulfoxide
groups such as methylsulfoxide, ethylsulfoxide,
n-propylsulfoxide, isopropylsulfoxide,
n-butylsulfoxide, sec-butylsulfoxide, and the like.
The term "alkylsulfonyl" encompasses groups such as
methylsulfonyl, ethylsulfonyl, n-propylsulfonyl,
isopropylsulfonyl, n-butylsulfonyl, t-butylsulfonyl,
and the like. "Acyl" refers to includes alkyl,
heteroalkyl, alkenyl, heteroalkenyl, alkynyl,
heteroalkynyl, aryl, or heteroaryl groups coupled to
an additional group via a carbonyl group, e.g.,
-C(O)-alkyl, or -C(O)-aryl. Preferred acyl groups are
Cl to C7 acyl such 



as formyl, acetyl, propionyl, butyryl, pentanoyl,
pivaloyl, hexanoyl, heptanoyl, benzoyl, and the like.
The term "amide" refers to a group with the formula
C(O)NHR or NHC(O)R, where R is optionally substituted
and is selected from the group consisting of alkyl,
cycloalkyl, aryl, heteroaryl (bonded through a ring
carbon) and heteroalicyclic (bonded through a ring
carbon). Any amine, hydroxy, or carboxyl side chain on
the compounds of the present invention can be
amidified."Aryl" or "aromatic" refers to a group with
at least one ring structure having a conjugated pi
electron system, i.e., having the characteristics of
aromaticity in terms of electron distribution through
the ring system. An aryl may be optionally
substituted. Typically, the ring systems contain 5-12
ring atoms in each ring. An aryl group may be
monocyclic or a fused-ring polycyclic aryl. An aryl
group may be a carbocyclic aryl wherein all ring atoms
are carbon, e.g., phenyl. An aryl group may be a
heteroaryl or heterocyclic aryl containing at least
one ring heteroatom such as oxygen, sulfur and/or
nitrogen. Heterocyclic aryl groups may be monocyclic
or polycyclic. Examples of heteroaryl groups include
maleimidyl, imidazolyl, indolyl, pyrrolidinyl,
pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl,
pyrrolyl, furanyl, oxazolyl, dioxazolyl, isoxazolyl,
phthalimidyl, thiazolyl, and the like. Aryl groups can
be fused to other aryl groups or to non-aryl
(non-aromatic) groups. As examples of the substituents
of said "optionally substituted amino" and "optionally
substituted carbamoyl," there may be mentioned phenyl,
substituted phenyl, Cl to C6 alkyl, Cl to C6
substituted alkyl, C2 to C7 alkenyl, C2 to C7
substituted alkenyl, C2 to C7 alkynyl, C2 to C7
substituted alkynyl, C7 to C12 phenylalkyl, C7 to C12
substituted phenylalkyl, heteroaryl, Cl to C6 alkyl,
Cl to C6 substituted alkyl, Cl to C7 acyl, Cl to C7
alkoxycarbonyl, optionally substituted carbamoyl, Cl
to C4 alkylsulfonyl, and the like. The "optionally
substituted amino" and "optionally substituted
carbamoyl" are may be mono-substituted or
di-substituted, with the same or with different
substituents. "Alkoxycarbonyl" refers to an "alkoxy"
group attached to a carbonyl group. "Cycloalkyl"
refers to a monocyclic or polycyclic radical which
contains only carbon and hydrogen, and may be
saturated, partially unsaturated, or fully
unsaturated. A cycloalkyl group may be optionally
substituted. Preferred cycloalkyl groups include
groups having from three to twelve ring atoms, more
preferably from 5 to 10 ring atoms."Cyclic amino" as
in "optionally substituted cyclic amino," refers to
cyclic groups containing at least one ring nitrogen
including piperazino, morpholino, piperidino,
pyrrolidino, and the like. Examples of "cyclic
aminocarbonyl" as in "optionally substituted cyclic
aminocarbonyl," include piperazinocarbonyl,
morpholinocarbonyl, piperidinocarbonyl,
pyrrolidinocarbonyl, and the like. Substituents of
"optionally substituted alkoxy," "optionally
substituted alkylthio," "optionally substituted aryl,"
"optionally substituted aryloxy," "optionally
substituted arylthio," "optionally substituted acyl,"
"optionally substituted heteroaryl," "optionally
substituted alkylthio," "optionally substituted
alkylsufinyl" "optionally substituted alkylsulfonyl,"
"optionally substituted alkoxycarbonyl," "optionally
substituted cyclic amino," and "optionally substituted
cyclic aminocarbonyl" are defined in the same manner
as substituents of "substituted alkyl." "Halogen"
refers to fluorine, chlorine, bromine, or iodine
atoms. One or more halogens can be present in a
compound, where the halogens can be the same or
different. Embodiments of compounds of the present
invention may possess one or more chiral centers and
each center may exist in the R or S configuration,
such that the present invention includes all
diastereomeric, enantiomeric, and epimeric forms as
well as the appropriate mixtures thereof. Embodiments
of the present invention may exist as geometric
isomers, such that the present invention includes all
cis, trans, syn, anti, entgegen (E), and zusammen (Z)
isomers, as well as the appropriate mixtures thereof.
Compounds of the present invention can exist in
unsolvated as well as solvated forms with
pharmaceutically acceptable solvents such as water,
ethanol, and the like. In general, the solvated forms
are considered equivalent to the unsolvated forms for
the purposes of the present invention.Any salt as
disclosed herein can include salts with inorganic
bases, salts with organic bases, salts with inorganic
acids, salts with organic acids, and salts with basic
or acidic amino acids. Unless otherwise indicated,
when a substituent is deemed to be "optionally
substituted," it is meant that the substituent is a
group that may be substituted with one or more
group(s) as recited herein or as known to one of skill
in the art. Descriptions of compounds of the invention
are in accordance with principles of chemical bonding
known to those skill in the art. Accordingly, where a
group may be substituted by one or more of a number of
substituents, such substitutions are selected so as to
comply with principles of chemical bonding and to give
compounds which are not inherently unstable, and/or
would be known to one of ordinary skill in the art as
likely to be unstable, under ambient conditions such
as aqueous, neutral, physiological conditions. It is
understood that compounds of the invention can be
described by one of skill in the art using different
terminology than the terms used here, without
affecting the accuracy of the description. Compounds,
structures, substituents, groups, and the like can be
described using any of: IUPAC nomenclature; chemical
name' "trivial" or "common" name; trade name; CAS
registry number; SMILES notation; or other
descriptors. For example, compounds of the invention
described herein as "substituted azole diones" or
"substituted azoline diones" could alternately be
described as "substituted maleimides" or "substituted
2,5-pyrrolediones" or "substituted pyrroles" in
combination with other descriptors, preferably
according to standardized chemical terminology, to
provide a complete description of one or more
invention compounds. Substituted azole dione compounds
The invention provides substituted azole (azoline)
dione compounds that can be used to kill or suppress
DNA-damaged cells, or to treat cell proliferation
disorderscharacterized by undesirable or unwanted cell
proliferation, where compounds of the invention can be
described by the formula of Structure (I): R1 R2 ( I )
Wherein Structure (I) contains an azoline dione
heterocycle; R1 and R2 are independently chosen from
alkyl, substituted alkyl, optionally substituted
alkoxy, optionally substituted alkylthio, halogen,
optionally substituted aryl, optionally substituted
aryloxy, optionally substituted arylthio, or H. Both
R1 and R2 can also be part of a cyclic alkylene chain
that form a fused ring structure; X is O, S, NR3, or
CR4R5; Ar is aryl or substituted aryl, including
carbocyclic aryl, heterocyclic aryl, monocyclic aryl,
polycyclic aryl, and aryl fused with non-aryl
(non-aromatic) rings; R3 is H, alkyl, substituted
alkyl, optionally substituted acyl, or as part of a
ring structure that connects the N to the Ar ring; R4
and R5 are chosen independently from H, alkyl,
substituted alkyl, or both can be part of a cyclic
alkylene chain that forms a ring structure; R4 or R5
can also be part of a ring structure that connects to
the Ar ring; or a salt thereof. In one aspect,
compounds of the invention are provided having
Structure (II):( H) Wherein Structure (II) contains an
azoline dione heterocycle; R1, R2, and X are defined
as above; A is N or CH; B is CR8 or N; R6, R7, R8, and
R9 are independently chosen from H, alkyl, substituted
alkyl, halogen, optionally substituted aryl,
optionally substituted heteroaryl, optionally
substituted alkoxy, optionally substituted aryloxy,
cyano, nitro, optionally substituted alkylthio,
optionally substituted alkylsufinyl, optionally
substituted alkylsulfonyl, optionally substituted
arylthio, optionally substituted acyl, optionally
substituted amino, carboxyl, optionally substituted
alkoxycarbonyl, optionally substituted carbamoyl, etc.
Also included are the structures wherein two adjacent
substitutions (R6 and R7, R7 and R8, R8 and R9) are
part of a cyclic alkylene group that form a fused ring
structure; or a salt thereof. In one aspect, compounds
of the invention are provided having Structure (III):
( III )Wherein Structure (III) contains an azoline
dione heterocycle; R 1, R 2 , and X are defined as
above; Y is O , S , or N R 12 ; R 10 and R 1 1 are
independently chosen from H , alkyl, substituted
alkyl, halogen, optionally substituted aryl,
optionally substituted heteroaryl, optionally
substituted alkoxy, optionally substituted aryloxy,
cyano, nitro, optionally substituted alkylthio,
optionally substituted alkylsufinyl, optionally
substituted alkylsulfonyl, optionally substituted
arylthio, optionally substituted acyl, optionally
substituted amino, carboxyl, optionally substituted
alkoxycarbonyl, optionally substituted carbamoyl, etc;
R 10 and R 1 1 could also b e an alkylene group that
form a "fused" ring with the heterocycle structure; R
12 is H , alkyl, substituted alkyl, aryl, acyl, o r
sulfonyl groups; or a salt thereof. In certain
non-limiting embodiments o f compounds having
Structure (II), X is 



NNRR , A iiss NN,, aanndd B iiss CCRR aanndd
ccoommppoouunnddss aarree pprroo^vided having
Structure (IV), wherein R 1, R 2 , R3 , R6 , R 7 , R 8
, and R9 are defined above: ( IV ) In certain
non-limiting embodiments o f compounds having
Structure (II), X is NR , A is N , B is C R ; R and R
form a fused and substituted benzene ring, providing
compounds having Structure (V), wherein R 1, R 2, R 3,
R 6 and R7 are defined above; R 13 , R 14 , R 15 , and
R 16 are defined as for R6 - R 1 1 above:( V ) In
certain non-limiting embodiments of compounds having
Structure (II), X is CR4R5, A is N or CH, and B is
CR8, providing compounds having Structure (VI),
wherein R1, R2, R4, R5, R6, R7, R8, and R9 are defined
above: ( VI ) In certain non-limiting embodiments of
compounds having Structure (III), X is NR3, and Y is
S; R10 and R1 1 form a fused substituted benzene ring,
providing compounds having Structure (VII), wherein
R1, R2, and R3 are defined above; R17 , R18 , R19 ,
and Rzu are defined as for R0 - R" above: ( VII )In
certain non-limiting embodiments of compounds having
Structure (II), X is NR3, A is N or CH, and B is CR8;
R6 and R7 form a fused and substituted benzene ring,
providing compounds having Structure (VIII), wherein
R1, R2, R3, R8 and R9 are defined above; R2 1, R22,
R23, and R24 are defined as for R6 - R1 1 above: (
VIII ) In certain non-limiting embodiments of
compounds having Structure (II), X is NR3, A is N, and
B is CR8; R9 is a substituted benzene ring, providing
compounds having Structure (IX), wherein R1, R2, R3,
R6, R7 and R8 are defined above; R25, R26, R27, R28,
and R29 are defined as for R6 - R1' above: ( IX ) In
certain non-limiting embodiments of compounds having
Structure (III), X is NR3, and Y is S; R10 is a
substituted benzene ring, providing compounds having
Structure (X), wherein R1, R2, R3 and R1 1 are defined
above; R30, R3 1, R32, R33, and R34 are defined as for
R6 - R1' above:( X ) In certain non-limiting
embodiments of compounds having Structure (II), X is
NR3, A is N or CH, and B is N, providing compounds
having Structure (IV), wherein R1, R2, R3, R6, R7, and
R9 are defined above: R9g A NR R6 R7 ( XI )
Representative compounds are shown in Tables 1, 2, and
3 herein. It is generally understood that the
compounds disclosed in Tables 1, 2, and 3 are for the
purpose of illustration only, and by no means restrict
the scope of the invention. Representative synthesis
schemes Representative schemes for synthesis of
compounds of the invention having any of Structures
(I) to (XI) are presented below. The representative
schemes presented here do not restrict the scope of
the invention in any way. It is understood that one of
skill in the art can adapt methods presented herein,
and/or different methods known in the art, to
synthesize additional compounds within the scope of
the present invention, including analogs having
different substitutions or substitution patterns. It
is further understood that, although certain
substitutions have been observed to produce structures
with higher activity than other structures, the
present invention provides compounds with all
substitutions having all levels of activity.In Method
1 (Scheme 1), an anhydride (1) is reacted with a
substituted hydrazine (2) or a benzylamine (3) to form
the compounds having the general structure shown as
(4) below, : Scheme 1 The reaction can be carried out
in common organic solvents such as THF, chloroform,
DMF, acetic acid, etc., at temperatures ranging from
ambient to elevated, for times ranging from several
hours to a few days. Usually, no other additives are
needed. The required anhydrides and
hydrazines/benzylamines are either purchased from
commercial sources, or synthesized according to
procedures known in the literature. In cases where the
starting materials are unknown in the literature,
synthetic methods are developed, as illustrated by
certain syntheses described in the Examples. In Method
2 (Scheme T), an imide (5) is reacted with a
benzylalcohol (6) under typical Mitsunobu conditions
to form compounds having the general structure shown
as (7) below: Scheme 2 Typical Mitsunobu conditions
include the use of a phosphine (triphenylphosphine,
tributyiphosphine etc.), and an azo compound (diethyl
azo-dicarboxalate, diisopropyl azo-dicarboxylate,
etc.). The reaction can be carried out with an added
base, usuallytriethylamine, or without an added base,
in solvents such as THF, at ambient or elevated
temperature for several hours. The required imides and
benzylalcohols are either purchased from commercial
sources, or synthesized according to procedures known
in the literature. In cases where the starting
materials are unknown in the literature, synthetic
methods are developed, as illustrated by certain
syntheses described in the Examples. In Method 3
(Scheme 3), an imide (5) is reacted with a
benzylbromide (8) under typical nucleophilic
replacement reaction condition to form the compounds
having the general structure shown as (9) below:
Scheme 3 The typical reaction condition is: refluxing
in a suitable solvent (acetone, DMF, etc.) in the
presence of an added base (potassium carbonate, cesium
carbonate, etc.) for several hours to a few days. The
required imides and benzylbromides are either
purchased from commercial sources, or synthesized
according to procedures known in the literature. In
cases where the starting materials are unknown in the
literature, synthetic methods are developed, as
illustrated by certain syntheses described in the
Examples. In Method 4 (Scheme 4), an aryl boronic acid
(10) is reacted with an N-hydroxyimide (11) under
Cu(I) mediated coupling condition to form compounds
having the general structure shown as (12)
below:Scheme 4 The typical reaction condition is:
stirring at room temperature in suitable solvents
(DCE, THF, DMF, etc.) in the presence of an added base
(pyridine, triethylamine, etc.), with added Cu(I)
species such as CuCl, for several hours to overnight.
The required aryl boronic acids and N-hydroxyimides
are either purchased from commercial sources, or
synthesized according to procedures known in the
literature. In cases where the starting materials are
unknown in the literature, synthetic methods are
developed, as illustrated by certain syntheses
described in the Examples. Syntheses of particular
embodiments are disclosed in the Examples.
Representative synthesized compounds presented as
embodiments in Tables 1 and 2 are presented solely for
illustration and by no means restricts the scope of
the invention disclosed herein. Biological activities
of compounds of the invention The present invention
provides compounds to treat cell proliferation
disorders. The present invention provides compounds
that can be used to kill or suppress undesirably
proliferating cells. The present invention provides
compounds that can be used to treat cell proliferation
disorders by selectively killing or suppressing
undesirably proliferating cells. The present invention
provides compounds that can be used to treat cell
proliferation disorders by selectively killing or
suppressing undesirably proliferating cells that have
accumulated DNA damage ("DNA-damaged cells"). In mixed
populations of normal cells and undesirably
proliferating cells, compounds of the invention can be
used to selectively kill or suppress undesirably
proliferating cells while having little or no
cytotoxic effect on the normal cells. Inmixed
populations of normal cells and undesirably
proliferating DNA-damaged cells, compounds of the
invention can be used to selectively kill or suppress
undesirably proliferating DNA-damaged cells while
having little or no cytotoxic effect on the normal
cells. In particular, compounds of the invention can
be used to selectively kill cancer cells or suppress
proliferation of cancer cells, while having little or
no cytotoxic effect on "normal" non-cancerous cells.
The present invention provides methods for selectively
targeting DNA-damaged cells using compounds of the
invention. The present invention provides methods for
selectively targeting cells with an impaired Gl cell
cycle checkpoint using compounds of the invention. The
present invention provides methods for selectively
targeting cancer cells using compounds of the
invention. Conventional treatments for cell
proliferation disorders often include DNA-damaging
agents and treatments as described elsewhere herein.
These conventional treatments, often used as
anti-cancer treatments, have been selected to kill
rapidly cycling (proliferating) cells in hopes of
killing the undesirably proliferating cells
characteristic of the proliferation disorder. Examples
of such conventional treatments include, but are not
limited to, cytotoxic agents and/or irradiation with
a, b, g , X- and/or UV radiation. However,
conventional treatments often cause patients to suffer
adverse effects on normal cells that are also
proliferating, e.g., diarrhea due to damage to
intestinal epithelial cells, hair loss due to damage
to hair follicle cells, and anemia due to damage to
blood cell progenitors, all of which are among the
most rapidly proliferating cells in the normal body.
These adverse effects often hamper treatments. Thus,
medicines that specifically target undesirably
proliferating cells such as cancer cells, without
harming normal cells, have been long awaited in the
clinic. While the invention is not limited by any
particular mechanism of action, and without wishing to
be limited by this theory, compounds of the invention
may kill or 



suppress undesirably proliferating cells by abrogating
the G2 checkpoint in proliferating cells, and/or by
causing adaptation to G2 cell cycle arrest in
G2-arrestedcells. Thus, the invention provides methods
for killing or suppressing undesirably proliferating
cells by contacting the cells with at least one
compound of the invention in an amount sufficient to
abrogate G2 cell cycle checkpoint and/or cause
adaptation to G2 cell cycle arrest. Without wishing to
be limited by this theory, abrogation of the G2
checkpoint in DNA-damaged cells would cause the
DNA-damaged cells to progress through the cell cycle
with without repairing the DNA damage. Likewise,
adaptation to G2 cell cycle arrest in DNA-damaged
cells would cause the formerly-arrested DNA-damaged
cells to enter mitosis without repairing the DNA
damage. It is generally understood that normal cells
rely on the Gl checkpoint as the main checkpoint for
detecting DNA damage or defects during the cell cycle,
and do not appear to use the G2 checkpoint as much for
detecting DNA damage or defects, whereas cells having
an impaired or defective Gl checkpoint, e.g., most
cancer cells, have to depend on the G2 checkpoint to
detect DNA damage or defects, and to initiate repair
before the cell enters mitosis. Thus, abrogation of
the G2 checkpoint in cells with an impaired Gl
checkpoint would cause the cells to progress through
the cell cycle with without repairing any accumulated
DNA damage. Likewise, adaptation to G2 cell cycle
arrest in cells with an impaired Gl checkpoint would
cause the formerly-arrested cells to enter mitosis
without repairing any accumulated DNA damage. The term
"DNA damage" is understood to encompass DNA damage
unrelated to the Gl checkpoint, as well as DNA damage
resulting from an impaired Gl checkpoint, such that
cells with an impaired Gl checkpoint can be considered
"DNA-damaged cells." In all the situations described
above, progressing through the cell cycle without
repairing DNA damage is expected to result in
suppression or death of the DNA-damaged cells. While
the invention is not limited to a particular mechanism
of action, it has been observed that compounds of the
invention can abrogate the G2 checkpoint in
proliferating cells, and can cause adaptation to G2
cell cycle arrest. Abrogation of the G2 checkpoint in
proliferating DNA-damaged cells allow the DNA-damaged
cell to progress through G2 and enter mitosis without
sufficient repair of DNA damage.Adaptation to G2
arrest of DNA-damaged cells, resulting in re-entry of
the formerly arrested DNA-damaged cells into the cell
cycle, allows the DNA-damaged cell to enter mitosis
without sufficient repair of DNA damage. It is further
understood that if a DNA-damaged cell progresses
further into the cell cycle with a impaired Gl
checkpoint and enters S phase, additional damage,
defects, and errors are expected. In all the
situations described above, the accumulation of damage
could result in apoptosis, mitotic catastrophe,
necrosis, or cell suppression. Because most cancer
cells have DNA damage and/or an impaired (defective)
Gl checkpoint, compounds of the invention can be used
to kill or suppress cancer cells because abrogation of
the G2 checkpoint or adaptation to G2 arrest will have
cytotoxic effects on the cancer cells, e.g., death or
suppression of the cancer cells. For normal cells
without DNA damage, it is expected that abrogation of
the cell cycle G2 checkpoint by compounds of the
invention will have little or no cytotoxic effect.
Furthermore, as normal cells without DNA damage are
not likely to be in G2 arrest, it is expected that the
ability of compounds of the invention to cause
adaptation to G2 arrest will have little or no
cytotoxic effect. Thus, in a population of cells that
includes undesirably proliferating DNA-damaged cells
and normal cells, compounds of the invention can be
used to selectively kill or suppress DNA-damaged
cells, while having little or no cytotoxic effect on
normal cells. In a population of cells including
undesirably proliferating cancer cells and normal
cells, compounds of the invention can be used to
selectively kill or suppress the cancer cells, while
having little or no cytotoxic effect on normal cells.
Use of compounds of the invention to treat cells Any
cell whose proliferation is undesired can be treated
in vitro, ex vivo or in vivo with compounds of the
invention. Candidate cells can be identified by
contacting a test cell with an invention compound
alone, or in combination with a DNA-damaging treatment
or other anti-cancer treatment, and determining if the
contacted cell exhibits decreased proliferation,
increased cell death, or adaptation to cell cycle
arrest. Candidate cells can be identified on the basis
of features includingbut not limited to, DNA damage,
aberrant growth or proliferation (in vivo or in vitro)
cellular morphology, or expression of cancer markers.
A clinical diagnosis of a proliferative disorder such
as cancer can be relied upon as evidence of cells to
be treated in vitro, ex vivo, or in vivo with
compounds of the invention. Cells can be treated in
vitro with compounds of the invention. Cells can be
removed from a subject, treated ex vivo using
compounds of the invention, and returned to the
subject. Cells can be treated in vivo using compounds
of the invention, where compounds of the invention may
be administered systemically to a subject, e.g. orally
or intravenously, or by a targeted administration
method, e.g., injection into a tumor site,
intraperitoneal injection, or by associating compounds
of the invention with delivery devices such as
ligands, antibodies, molecular cages, or liposomes
capable of targeting at least one cell to be treated.
Use of compounds of the invention to treat subjects
Subjects appropriate for treatment using compounds of
the invention include subjects currently undergoing
treatment for a cell proliferation disorder, or
candidates for treatment for a cell proliferation
disorder, e.g., subjects currently undergoing, or
designated as candidates for, anti-cancer treatment.
Subjects appropriate for treatment include those
having a cell proliferation disorder, e.g., a
diagnosis of cancer. Candidate subjects include
subjects at risk of developing a cell proliferation
disorder. The invention methods are therefore
applicable to treating a subject who is at risk of
developing a cell proliferation disorder but who has
not yet exhibited overt symptoms of the disorder
and/or who has not yet received a diagnosis of a cell
proliferation disorder. Use of compounds of the
invention to treat cell proliferation disorders. Cell
proliferation disorders amenable to treatment using
compositions and methods provided herein include
pathological conditions (diseases), both benign and
neoplastic, and non-pathological physiological
conditions, characterized by abnormal or undesirable
cell numbers, cell growth or cell survival.
Pathological disorders orconditions may constitute a
disease state, in particular all types of cancer,
including cancerous growths, oncogenic processes,
metastases, metastatic cells and tissues, and
malignantly transformed cells, tissues, or organs.
Cell proliferation disorders can be non-pathologic,
including some types of fibrotic tissue growth (e.g.,
during wound repair resulting in scarring), certain
blood vessel proliferative disorders, and certain
benign hyperplasias. The present disclosure provides
sufficient guidance and exemplary embodiments to
enable of skill in the art to identify cell
proliferation disorders suitable for treatment using
compositions and methods provided herein, and to
develop protocols for such treatment. Cells comprising
the proliferative disorder may be aggregated in a cell
mass or may be dispersed. The term "solid tumor"
refers to hyperplasias, neoplasias or metastases that
typically aggregate together and form a mass.
Particular examples include visceral tumors such as
gastric or colon cancer, hepatomas, venal carcinomas,
lung and brain tumors/cancers. A "liquid tumor"
generally refers to neoplasias of the haematopoetic
system, such as lymphomas, myelomas and leukemias, or
neoplasias that are diffuse in nature, as they do not
typically form a solid mass. Particular examples of
leukemias include acute and chronic lymphoblastic,
myeloblasts and multiple myeloma. Such disorders
include neoplasms or cancers, which can affect
virtually any cell or tissue type, e.g., carcinoma,
sarcoma, melanoma, metastatic disorders or
haematopoietic neoplastic disorders. A metastatic
tumor can arise from a multitude of primary tumor
types, including but not limited to breast, lung,
thyroid, head and neck, brain, lymphoid,
gastrointestinal (mouth, esophagus, stomach, small
intestine, colon, rectum), genito-urinary tract
(uterus, ovary, cervix, bladder, testicle, penis,
prostate), kidney, pancreas, liver, bone, muscle,
skin, etc. Carcinomas refer to malignancies of
epithelial or endocrine tissue, and include
respiratory system carcinomas, gastrointestinal system
carcinomas, genitourinary system carcinomas,
testicular carcinomas, breast carcinomas, prostatic
carcinomas,endocrine system carcinomas, and melanomas.
Exemplary carcinomas include those forming from the
cervix, lung, prostate, breast, head and neck, colon,
liver and ovary. The term also includes
carcinosarcomas, e.g., which include malignant tumors
composed of carcinomatous and sarcomatous tissues.
Adenocarcinoma includes a carcinoma of a glandular
tissue, or in which the tumor forms a gland like
structure. Sarcomas refer to malignant tumors of
mesenchymal cell origin. Exemplary sarcomas include
for example, lymphosarcoma, liposarcoma, osteosarcoma,
and fibrosarcoma. As used herein, the term
"haematopoietic proliferative disorder" means a
disease involving hyperplastic/neoplastic cells of
haematopoietic origin, e.g., arising from myeloid,
lymphoid or erythroid lineages, or precursor cells
thereof. Typically, the diseases arise from poorly
differentiated acute leukemias, e.g., erythroblastic
leukemia and acute megakaryoblastic leukemia.
Additional exemplary myeloid disorders include, but
are not limited to, acute promyeloid leukemia (APML),
acute myelogenous leukemia (AML) and chronic
myelogenous leukemia (CML); lymphoid malignancies
include, but are not limited to, acute lymphoblastic
leukemia (ALL), which includes B-lineage ALL and
T-lineage ALL, chronic lymphocytic leukemia (CLL),
prolymphocytic leukemia (PLL), hairy cell leukemia
(HLL) and Waldenstrom's macroglobulinemia (WM).
Additional malignant lymphomas include, but are not
limited to, non-Hodgkin lymphoma and variants thereof,
peripheral T cell lymphomas, adult T cell
leukemia/lymphoma (ATL), cutaneous T-cell lymphoma
(CTCL), large granular lymphocytic leukemia (LGF),
Hodgkin's 



disease and Reed-Sternberg disease. The invention
provides compositions and methods for treating cell
proliferation disorders using compounds of the
invention. The invention provides compositions and
methods for treating cancer using compounds of the
invention. The invention provides compositions and
methods for killing or suppressing cancer cells using
compounds of the invention. The invention provides
compounds of theinvention, for use in for treating
cell proliferation disorders in vivo, in vitro, and ex
vivo. The invention provides compounds of the
invention, for use in treating cancer in vivo, in
vitro, and ex vivo. The invention provides
pharmaceutical compounds of the invention, for use in
killing or suppressing cancer cells in vivo, in vitro,
and ex vivo. The invention provides pharmaceutical
compositions (medicaments) containing compounds on the
invention, for all uses described herein, including
but not limited to, treating cell proliferation
disorders, killing or suppressing cancer cells, and
treating cancer. The invention provides compositions
and methods that include at least one compound of the
invention in combination with at least one additional
active ingredient. The invention provides
pharmaceutical compositions (medicaments) including at
least one compound of the invention in combination
with at least one additional active ingredient, for
use in treating cell proliferation disorders. In
particular, the invention provides compositions and
methods that include compounds of the invention in
combination with at least one anti-cancer treatment.
The term "anti-cancer treatment" for use in
combination with compounds of the invention includes
any anti-cancer, anti-proliferative, DNA-damaging, or
anti-tumor treatment as disclosed herein, including
the "DNA-damaging treatments" and "DNA-damaging
agents" recited above, or any such treatment known in
the art. For example, an anti-cancer (anti-cell
proliferative, anti-tumor) treatment may comprise
radiation treatment or surgical resection, optionally
in combination with drug treatment. The treatment may
comprise administration of a chemical substance, such
as a radioisotope, an anti-cancer drug such as a
chemotherapeutic agent, or genetic therapy, such as an
anti-oncogene (e.g., Rb, DCC, p53, etc.), a dominant
negative oncogene or an antisense to an oncogene. The
compounds of the invention can be administered prior
to, contemporaneously with or following other
treatment protocols. For example, a candidate subject
for anti-cell proliferative therapy (e.g., radiation
therapy, chemotherapy, gene therapy, surgical
resection, etc.) can be administered aninvention
compound prior to initiating the anti-cell
proliferative therapy. Thus, prophylactic treatment
methods are provided. As demonstrated in exemplary
embodiments described in the Examples and discussed
below, compounds of the invention can be used alone or
in combination, in vivo, ex vivo, and in vitro, to
treat cell proliferation disorders. As demonstrated in
exemplary embodiments described in the Examples and
discussed below, compound compounds of the invention
can be used alone or in combination, in vivo, ex vivo,
and in vitro, to treat cancer. As demonstrated in
exemplary embodiments described in the Examples and
discussed below, compound compounds of the invention
can be used alone or in combination, in vivo and in
vitro, to kill or suppress cancer cells. Effects of
compounds of the invention Typically an "effective
amount" or "sufficient amount" of a compound of the
invention is administered, where that is an amount
(concentration, dose, level) sufficient to produce a
desired effect. Effective amounts are determined by
any of a variety of measurements including: cell death
(e.g., increase in percentage of cells in subGl
phase), decreased cell proliferation, decreased
numbers of cells, decreased cell mass, increased
apoptosis, decreased survival, or adaptation to cell
cycle arrest (escape from cell cycle arrest). For
example, where it is desired to inhibit cell
proliferation, an effective amount will be an amount
that detectably decreases cell proliferation, or
increases cell death, or decreases cell survival. The
amount can therefore be sufficient to reduce target
cell numbers, stabilize target cell numbers or inhibit
increases in target cell numbers. An effective amount
can be an amount sufficient to increase survival time
of a subject having a cell proliferation disorder. For
example, where the disorder comprises a solid tumor,
an effective amount of a compound of the invention
could reduce tumor size, stabilize tumor size, or
increase the survival time of a subject having the
tumor. As shown in the exemplary embodiment in Example
4, five (5) representative compounds of the invention
showedselective cytotoxicity in vivo against cancer
cells, and no detectable cytotoxicity in vivo against
normal cells, as illustrated by dramatic increases in
tumor host survival. Where the disorder comprises a
"liquid tumor" an effective amount of a compound of
the invention could reduce numbers of tumor cells,
stabilize the number of tumor cells, inhibit further
increases in the number of tumor cell, or cause
cell-cycle-arrested cancer cells to re-enter the cell
cycle (adaptation to cell cycle arrest). In addition,
effective amounts of compounds of the invention could
prevent or inhibit progression of the proliferative
disorder, e.g., reduce, inhibit, or prevent
metastasis. An effective amount of a compound of the
invention may be an amount that produces a desired
effect without producing an unacceptable or
undesirable effect. An effective amount of a compound
of the invention may be an amount that kills or
suppresses target cells (e.g., cancer cells) while
having little or no cytotoxic effect on non-target
cells (e.g., normal cells), or an amount that produces
a desired therapeutic benefit in a subject having a
cell proliferation disorder, while having little or no
adverse effect on the subject. Further, an effective
amount of a compound of the invention may be an amount
that, in combination another treatment, produces a
desired effect without producing an unacceptable
undesirable effect. As shown in exemplary embodiments
in Example 7 and illustrated in Tables 4-11 below,
compound SOO109 has little or no cytotoxic effect on
normal cells at concentrations can kill or suppress
cancer cells. Further as shown in exemplary
embodiments in Example 7 and illustrated in Tables 4-1
1 below, compound SOO 109 can be used in combination
with another anti-cancer treatment to kill or suppress
cancer cells, at a concentration of S00109 that has
little or no cytotoxic effect on normal cells.
Effective amounts of compounds of the invention can
objectively or subjectively reduce or decrease the
severity or frequency of symptoms associated with the
disorder or condition. For example, an effective
amount of an invention 4compound could reduce pain,
nausea or other discomfort, or increase appetite or
subjective well-being. Effective amounts of compounds
of the invention could reduce the amount (e.g.,
dosage) or frequency of treatment with another
protocol. For example, a cancer patient treated with
an invention compound may require less anti-cancer
DNA-damaging agent or treatment in order to achieve
the desired level of inhibition of cancer cell
proliferation, i.e., a desired level of killing or
suppression of proliferating cancer cells. Methods of
the invention that lead to an improvement in the
subject's condition or a therapeutic benefit that may
be permanent, may extend over a longer period of time,
e.g., months or years, or may be relatively short in
duration, e.g., the improvement may last several
hours, days or weeks. An effective amount need not
achieve a complete ablation of any or all symptoms of
the condition or disorder. An amount effective to
provide one or more beneficial effects, as described
herein or known in the art, is referred to as an
"improvement" of the subject's condition or
"therapeutic benefit" to the subject. An effective
amount of an invention compound can be determined
based upon animal studies or optionally in human
clinical trials. The skilled artisan will appreciate
the various factors that may influence the dosage and
timing required to treat a particular subject
including, for example, the general health, age, or
gender of the subject, the severity or stage of the
disorder or condition, previous treatments,
susceptibility to undesirable side effects, clinical
outcome desired and the presence of other disorders or
conditions. Such factors may influence the dosage and
timing required to provide an amount sufficient for
therapeutic benefit. The dosage regimen also takes
into consideration the pharmacokinetics, i.e., the
pharmaceutical composition's rate of absorption,
bioavailability, metabolism, and clearance. In
addition, doses or treatment protocols may be
specifically tailored to the subject or modified based
on pharmacogenomic data.Adaptation to
DNA-damage-induced G2 cell cycle arrest While the
invention is not limited to a particular mechanism of
action, it has been determined that compounds of the
invention can cause adaptation to G2 cell cycle
arrest. Thus, the invention provides composition and
methods for abrogating or escaping from the G2 cell
cycle arrest, in particular G2 cell cycle arrest
triggered by DNA damage. In DNA-damaged cells, the
functions of the DNA-damage-induced G2 checkpoint are
understood to include recognition of DNA damage and
generation of a signal that produces cell
cycle-arrest, such that the DNA-damaged cells are
arrested in G2 phase until repair is completed.
Compounds of the invention can cause cells in G2 cell
cycle arrest to re-enter the cell cycle, possibly by
abrogating the DNA-damage-induced G2 checkpoint in the
G2-arrested cells. As demonstrated in embodiments
presented in the examples, tables and figures of the
present disclosure, compounds of the invention can
induce cells in G2 cell cycle arrest (i.e., cells
having pre-existing DNA damage) to re-enter the cell
cycle, proceeding through the G2 and M phases and
entering Gl (DNA doubling) phases with unrepaired DNA
damage, leading to cell death or cell suppression,
usually by mitotic catastrophe or apoptosis. In an
exemplary embodiment described in Example 1 and shown
in Figure 1, Jurkat cells (a human T-cell
lymphoma-derived cell line) were "pre-arrested" at the
G2 phase by X-ray irradiation and treated with SOO109
or SO1860 at various dosages. Adaptation to G2 cell
cycle arrest was determined by measuring the
percentage of cells in Gl phase, where cells in Gl
were identified by having 2N DNA. In these 



embodiments, cells exposed to S00109 or S01860 showed
a dose-dependent increase in the percentage of cells
in Gl phase (the "Gl increment"), These results
indicated that exposure to S00109 or S01860 at
concentrations from 0.019 mM to 0.625 mM caused
G2-arrested cells to re-enter the cell cycle and
proceed through the M phase and enter the Gl phase. In
contrast, only a few percent of cells in the
population of untreated G2-arrested cells (i.e., no
S00109 or S01860 exposure) entered Gl phase.
Additional non-limiting exemplary embodiments of
adaptation to G2 cell cycle arrest by compounds of the
invention, are presented in Examples 5 and 6,
andillustrated in Tables 1, 2 and 3, setting forth the
structures and IC5Ovalues (the concentration causing
half-maximal Gl increment) for approximately 144
compounds of the invention. The extensive data
provided in Tables 1, 2 and 3 permitted
structure-activity determinations. Other measurements
of cell cycle activity can also be relied upon to
demonstrate the ability of the compounds of the
invention to abrogate the G2 cell cycle and/or cause
adaptation to DNA-damage-induced cell cycle arrest. In
an exemplary embodiment described in Example 1 and
illustrated in Figure 2, histone H3 phosphorylation
was measured, where increased phosphorylation of
histone H3 indicated adaptation to (escape from)
DNA-damage-induced cell cycle arrest. G2 cell cycle
arrest was induced in Jurkat cells by DNA damage,
i.e., by delivering a 10 Gy dose of X rays to produce
"pre-arrested" cells. Pre-arrested cells were exposed
to compound SOO 109 (also called S109) at 0.3 mM or 1
mM, and significant increases in histone H3
phosphorylation were observed over a 24-hour treatment
period. Without wishing to be limited by this theory,
compounds of the invention presumably caused
adaptation to (escape from) DNA-damage-induced cell
cycle arrest by abrogating the DNA-damage-induced G2
checkpoint. Compounds on the invention have cytotoxic
effects on cancer cells Compounds of the invention can
have a cytotoxic effect on cancer cells, without any
additional treatment. Thus, the invention provides
compositions and methods for killing or suppressing
cancer cells without any additional treatment. In an
exemplary embodiment described in Example 2 and shown
in Figure 4, exposure of human cancer cells to SOO109
alone has a dose-dependent cytotoxic effect on the
cancer cells as measured by a colony formation assay
(Figure 4, "0 Gy" unfilled circles, solid line,
indicating no radiation treatment). In non-limiting
exemplary embodiments described in Example 4 and shown
in Figures 6, 7, and 8, compounds of the invention are
provided that have a cytotoxic effect on cancer cells,
without any additional anti-cancer treatment, and
withoutcytotoxic effects on normal cells. In the
exemplary embodiments in Figure 4, mice received
xenografts of human myeloma cells by intraperitoneal
transplantation, and the effects of compounds of the
invention on survival rates were measured. As
described in Example 4 and shown in Figures 6, 7, and
8, treatment with S00109, S01860, S03518, S03405 or
S03747 alone was sufficient to prolong the survival of
mice with xenografts of human myeloma cells,
indicating that SOO109, SO1860, S03518, S03405 or
S03747 had cytotoxic effects on the transplanted
cancer cells in the xenograft. As shown in the
embodiment in Figure 6, treatment with S00109 (by
intraperitoneal injection) had a much greater
therapeutic effect on survival than the "standard"
dexamethasone treatment, or no treatment at all. As
shown in Figures 7 and 8, oral administration of
various representative compounds of the invention
produced dramatic increases in survival rates, where
some treatments had 100% survival rates at the end of
the experiment. These results demonstrate that
compounds of the invention, as illustrated by the five
(5) distinct representative compounds tested in
Example 4, can have selective cytotoxicity against
cancer cells, and no detectable cytotoxicity against
normal cells (i.e., the normal cells of the mouse
tumor graft host). These in vivo results demonstrate
that compounds of the invention, as illustrated by the
five (5) distinct representative compounds tested in
Example 4, can have selective cytotoxicity in vivo
against cancer cells, and no detectable cytotoxicity
in vivo against normal cells. These results
demonstrate that compounds of the invention, as
illustrated by the five (5) distinct representative
compounds of the present invention administered by
different routes in Example 4, can be administered to
a subject in an effective amount to treat a
proliferative disorder in a subject. Compounds of the
invention can sensitize cells to anti-cancer
treatments Compounds of the invention can increase, or
exacerbate, the cytotoxic effects of other treatments.
Thus, the invention provides compositions and methods
for sensitizing cells to anti-cancer treatments, in
particular for sensitizing cells to DNA-damaging
agents and treatments. In exemplary embodiments
described in Example 2 and shown in Figure 4, when
human cancer cells that have been"pre-arrested" in G2
by X-ray irradiation are also exposed to SOO109, the
combination treatment has a higher cytotoxic effect on
the cells as measured by a colony formation assay. In
Figure 4, the sensitizing effect of compounds of the
invention is best illustrated for cells that received
a dose of 1 Gy ("1 Gy" solid circles, dashed line) and
treatment with various doses of SOO109, where SOO109
showed a dose-dependent additive effect on
cytotoxicity. In an exemplary embodiment described in
Example 3 and shown in Figure 5, combination
treatments of SOO109 and dexamethasone have much
greater cytotoxicity than either treatment alone, as
measured by the percentage of cells in subGl phase,
i.e., the percentage of dead cells. In an exemplary
embodiment described in Example 2 and shown in Figure
3, expression of phosphorylated g-H2AX was measured as
an indicator of cytotoxicity. Cells treated with
X-ray-irradiation alone showed increased expression of
phosphorylated g-H2AX over a 48-hour period. The
sensitizing or "additive' effect of compounds of the
invention can be seen in cells treated with X-ray-
irradiation followed by exposure to 1 mM S00109
(indicated as "S-109 +" in figure legend) resulted in
significantly higher levels of phosphorylated g-H2AX
expression over the same 48 hour period, indicating
significantly higher levels of cytotoxicity due to
administration of SOO109. Compounds of the invention
have selective cytotoxicity toward cancer cells In
accordance with yet another aspect of the invention,
compounds of the invention can selectively kill or
suppress target cells, in particular cancer cells, to
the with little or no cytotoxic effect on normal
(non-target) cells. Most conventional anti-cancer
agents target proliferating cells irrespective of
whether they are cancer cells or normal cells, with
the result that most conventional anti-cancer
medicines give rise to side effects such as nausea,
diarrhea, or hair loss. In contrast, compounds of the
invention selectively target cells having conditions
such as an impaired Gl checkpoint, G2 cell cycle
arrest, or other types of DNA damage, selectively
killing or suppressing the target cells while having
little or no cytotoxic effect on normal
cells.Non-limiting exemplary embodiments of the
selectivity of compounds of invention are described in
Example 7 and shown in Tables 4 to 11, where compounds
of the invention were not cytotoxic for normal cells
at concentrations at which compounds of the invention
had severe cytotoxic effects on cancer cells and
DNA-damaged cells (e.g., irradiated cells). Thus, the
invention provides methods for selectively targeting
DNA-damaged cells such as cancer cells, with little or
no cytotoxic effect on normal (undamaged) cells, by
contacting the cells with at least one compound of the
invention in an amount sufficient to abrogate the G2
checkpoint. The invention provides pharmaceutical
compositions containing at least one compound of the
invention, suitable for use in methods for selectively
targeting DNA-damaged cells such as cancer cells, with
little or no cytotoxic effect on normal (undamaged)
cells. Use of compounds of the inventionfor screening
Compounds of the invention can be used in cell cycle
phenotype-based screening protocols, e.g., as
disclosed by Sha et al. ((2007) MoI Cancer Ther, 6:
147-153) to identify candidate compounds that may
interact with the G2 checkpoint and/or with other
processes involved in adaptation to G2 cell cycle
arrest. Compounds of the invention can be used in
screening protocols to identify candidate compounds
for therapeutic G2 checkpoint abrogation and/or
therapeutic adaption to -A G2 arrest. This screening
protocol can be used to identify compounds having
desired biological activity. Compounds thus identified
can be further evaluated for selective cytotoxic
activity against cancer cells. Compounds can be
evaluated in combination treatments with conventional
anti-cancer agents such as dexamethasone. The
following examples are offered to illustrate, but not
to limit the claimed invention. EXAMPLES Example 1 :
Effects of test compounds S00109 and S01860 on Jurkat
cells arrested at G2 phase.Jurkat cells (a human T
cell lymphoma-derived cell line) were arrested at the
G2 phase by X-ray irradiation at 10 Gy, and cultured
for 24 hours in 10% fetal calf serum (FCS)/RPMI1640 at
37C with 5% CO2/air. (FCS was from Equitech-Bio,
Kerrville, TX, and RPMI1640 was from Sigma-Aldrich,
St. Louis, MO.) Test compounds were added to the
medium at the indicated doses, and the cells were
cultured under the conditions described above, for an
additional 24 hours before harvesting. Harvested cells
were stained with Krishan's buffer (0.1% sodium
citrate, 50 mg/ml propidium iodide, 20 mg/ml RNase A,
0.5% Nonidet P-40) and analyzed by flow cytometry (BD
Biosciences, Franklin Lakes, NJ) to identify the cell
stage of each cell in the sample. Cells in Gl phase
were identified by having doubled (2N) DNA content.
Figure 1 shows the percentage of cells in Gl phase
after treatment with each compound at the indicated
dosages. The IC50 value for each compound was
calculated as the dosage showing half maximal activity
to induce the increase of the percentage of cells in
Gl phase (the Gl 



increment). IC50 values were used to measure the
activity of compounds and to determine
structure-activity relationships. As shown in Figure
1, populations of pre-arrested Jurkat cells treated
with compound SOO109 or SO1860 for 24 hours showed a
significant increase in the number of Gl cells,
indicating the cells were able to enter the cell cycle
again. Histone H3 phosphorylation Increased numbers of
cells in Gl phase ("Gl cells" detected by 2N DNA)
after X-ray treatment indicated that the G2 checkpoint
had been abrogated and/or cells had adapted to
(escaped from) the G2 cell cycle arrest imposed by
activation of the G2 checkpoint by the X-ray treatment
(i.e., activation of the DNA-damage-induced G2
checkpoint by the X-ray treatment). The level of
histone H3 phosphorylation was measured in
pre-arrested cells treated with test compounds, to
confirm that pre-arrested cells had re-entered the
cell cycle and passed through M phase beforeproceeding
to Gl phase. Increased phosphorylation of histone H3
indicated adaptation to (escape from) damage-induced
cell cycle arrest or G2/M checkpoint abrogation.
Jurkat cells were irradiated with 10 Gy X-rays and
cultured 24 hour in 10% FCS-RPMI. Test compound SOO109
was added to the culture medium at 0.3 or 1 mM and
cells were cultured with test compound for treatment
times from 0 to 24 hours. The cells were fixed with
cold ethanol, treated with 0.1% saponin/PBS, stained
with anti-phospho-histone H3 (SerlO) (Upstate
Biotechnology, Uppsala, Sweden) and analyzed with flow
cytometry (BD Biosciences). In Figure 2, the X-axis
indicates treatment time, i.e., time after S00109
addition, and the Y-axis indicates the ratio (%) of
cells that were phospho-histone-H3 -positive. The
level of histone H3 phosphorylation (%) after
sequential treatment of Jurkat cells with X-ray
irradiation (10 Gy) and compound S00109 at 1 mM
(unfilled squares) and 0.3 mM (solid circles)
increased with increasing treatment time up to 24
hours. Example 2 : Cytotoxicity of S00109 alone or in
combination with radiation Phosphorylated histone H2AX
expression Expression of phosphorylated histone H2AX
(gH2AX phosphorylated on Serl39) was measured as an
indicator of cytotoxicity, in particular,
DNA-damaged-related cytotoxicity. Jurkat cells were
irradiated with 10 Gy X-rays and cultured 24 hour in
10% FCS-RPMI as described above. Then, S00109 was
added to the culture medium at 1 mM for the treatment
times up to 24 hours. The cells were lysed in a buffer
(100 mM NaCl, 10 mM Tris-HCl (pH 8.0), 1 mM DTT, 0.2%
NP-40, 10 mM NaF, 10 mM Na3VO4, 500 nM okadaic acid,
and proteinase inhibitors). Aliquots of the lysate
(30mg protein) were electrophoresed on a 15% SDS page
gel and transferred to a membrane for Western blot
analysis. Anti-phospho-histone H2AX (Ser 139) Ab (Cell
Signaling Technology, Beverly, MA) was used to detect
g-H2AX on the blotted membrane. As shown in Figure 3,
levelsof gH2AX increased treatment time with S00109,
indicating that S00109 caused DNA, in addition to DNA
damage caused by the irradiation. Colonyformation
analysis The cytotoxic activity of S00109 was further
confirmed by colony formation analysis using HCT-116
cells, a human colon cancer cell line, where a
decrease in colony counts is a measure of cell growth
suppression and/or cell death. HCT-116 human colon
cancer cells were cultured in McCoy's 5A (Invitrogen,
Carlsbad, CA) with 10% FCS, 5%CO2/air at 370C. The
cells were seeded at 300 cells per 6 well plate in
triplicate, irradiated with X rays as shown in the
figure legend, and cultured for 24 hours, then treated
with SOO109 at the indicated dosages and cultured for
8 days. On day 8, colonies were fixed and stained with
crystal violet (Sigma-Aldrich), and the number of
colonies was counted. Figure 4 shows the effect on
S00109 dose (x-axis) on colony numbers (y-axis)
counted on day 8. Cells that received no radiation ("0
Gy" open circles, solid line in legend of Figure 4)
were cultured under the same conditions as the
irradiated cells, and were treated with S00109 to show
the effects of S00109 alone. Thus, as shown in Figure
4, SOO109 alone suppressed colony formation by HCT-1
16 cells in a dose-dependent manner, indicating that
SOO 109 alone can suppress the growth of cancer cells
and/or kill cancer cells at sufficiently high dosage.
The "normal" colony count for untreated control cells
is shown by value for 0 Gy and 0 mM S00109. Cells that
received a radiation dose of 1 Gy (filled circles,
dotted line) showed an inhibition of colony formation
due to radiation alone. Cells that received a
radiation dose of 1 and were exposed to SOO109 showed
further inhibition of colony formation, indicating
that S00109 can augment the cytotoxicity of the
radiation treatment. Under these conditions of
radiation and . SOO109 treatment, a strong
dose-dependent additive effect of S00109 was
seen.Cells that received a radiation dose of 3 Gy ("3
Gy" open square, solid line) shown strong inhibition
of colony formation due to radiation alone. SOO 109
appears to have a detectable additional inhibitory
effect at the highest concentration (4 mM), again
indicating that SOO109 can augment the cytotoxicity of
radiation treatment. Example 3 : Cytotoxicity of
S00109 alone and in combination with dexamethasone.
Cytotoxicity of SOO109 alone and in combination with
dexamethasone was measured by identifying the number
of cells in subGl phase after treatment, where subGl
phase indicates cell death, such that he number of
cells in subGl phase after treatment indicates cell
killing by the treatment. A human
multiple-myeloma-derived cell line, ARH-77, was
cultured in the presence or absence of SOO 109, with
or without dexamethasone, for 24 hour in 10% fetal
calf serum (FCS)/RPMI1640 at 37 0C with 5% CO2/air
using materials and conditions described above.
Harvested cells were stained with Krishan's buffer
(0.1% sodium citrate, 50 mg/ml propidium iodide, 20
mg/ml RNase A, 0.5% Nonidet P-40) and analyzed with
flow cytometry (BD Biosciences, Franklin Lakes, NJ).
Fig. 5 shows the percentage of ARH-77 cells in subGl
phase (y-axis) after treatment with SOO109 (x-axis)
alone or in combination with dexamethasone. The
'normal' percentage of subGl cells in a population of
untreated control cells is shown by the value for SOO
109 alone (filled diamonds, solid line, "S109 only" in
figure legend) at 0 mg/ml S00109. S00109 treatment
alone, at concentrations up to 10 mg/ml, caused cell
death in a dose-dependent manner. Dexamethasone
treatment alone at 2 ng/ml (open squares, dotted
line), 20 ng/ml (open triangles, dot/dash line) and
200 ng/m open circles, dashed line) without SOO 109
showed slightly increased levels of subGl cells, i.e.,
slightly increased cytotoxicity, compared to the
control. However, treatment with SOO109 in combination
with dexamethasone resulted in a dramatic increase in
the levels of subGl cells. The combination effect
showed a strong dependence on the SOO109
concentration, demonstrating a dose-dependent effect
of S00109. The combination of S00109 and dexamethasone
resulted in a levelof cell death that was
significantly higher than the level seen with either
compound alone. Thus, S00109 augmented the
cytotoxicity of dexamethasone. Example 4 : Effects of
representative compounds of the invention, alone and
in combination, on survival of mice with xenografts of
ARH-77 cells Mice with xenografts of ARH-77 (a human
multiple-myeloma-derived cell line) were treated with
S00109, S01860, S03518, S03405 or S03747 or with
dexamethasone, a recognized "standard" treatment, and
their survival was measured and compared with survival
of vehicle-treated (control) mice with xenografts. The
ability of a treatment to prolong survival was
considered to be an indicator of the cytotoxicity of
the treatment towards the grafted cancer cells,
without significant adverse activity on normal (mouse)
cells in vivo. Male severe combined immune deficiency
(SCED) mice at 8 weeks old were transplanted
intraperitoneally with 1.9xlO6 (Fig. 6), 0.8xl0 6
(Fig. 7), 4.IxIO 6 (Fig. 8), cells/animal of ARH-77
cells (n = 10). Animals were housed in accordance with
guidelines from the Association for the Assessment and
Accreditation of Laboratory Animal Care International,
and the protocols were approved by institutional
animal care committee of CanBas Co. Ltd. For the
experiment shown in Figure 6, mice received 1.9xlO6
ARH-77 cells by intraperitoneal transplantation. Mice
treated with SOO109 ("S 109") received an
intraperitoneal injection of 50mg/kg SOO 109. Mice
treated with dexamethasone ("Dexa") received an
intraperitoneal injection of 2mg/kg dexamethasone.
Vehicle treated control animals received
intraperitoneal vehicle injection. Each injection was
performed on day 1, day 2 and day 3 after
transplantation of ARH-77 cells. Survival (j-axis, %
of mice surviving) was measured for up to 80 days
after transplantation (x-axis) for control mice
treated with vehicle alone ("Control" dashed line);
mice treated with 50 mg/kg compound S00109 ("S 109"
solid line); and mice treated with 2 mg/kg
dexamethasone ("Dexa" dot-dash line). Mice treated
with SOO 109 had a significantly longer duration of
survival than untreated control mice. Although
micetreated with dexamethasone had a longer survival
duration than untreated control mice, the therapeutic
effect of dexamethasone was much smaller than the
therapeutic effect of S00109. For the experiment shown
in Figure 7, mice received 0.8x1 06 ARH-77 cells by
intraperitioneal transplantation. Mice were treated by
a single oral administration of compounds on Day 1
after transplantation as follows: control mice orally
treated with vehicle alone ("Control" solid line);
mice orally treated with 750 mg/kg compound S00109 ("S
109" dot line); and mice orally treated with 750 mg/kg
compound S01860 ("S1860" dash line). Although mice
treated with S00109 initially showed slightly lower
survival than the control mice, after about 64 days,
mice treated with SOO109 showed significantly higher
survival than control mice, with almost 70% survival
at 85 days, compared with only about 20% of the
control mice surviving at 85 days. Mice treated with
SO1860 showed dramatically higher survival rates than
control mice or mice treated with SOO109, where the
first decrease in survival was not 



seen until 70 days after transplantation, and almost
90% of the S01860-treated mice survived at 85 days.
For the experiment shown in Figure 8, mice received
4.1 x 106 ARH-77 cells by intraperitoneal
transplantation. Mice were treated by once-daily oral
administration of compounds on Day 1 and once-daily
oral administration of compounds on Day 2 after
transplantation as follows: control mice orally
treated once daily for two days with vehicle alone
("CONT" solid line); mice orally treated once daily
for two days with 250 mg/kg compound S003518 ("S3518"
dot line); mice orally treated once daily for two days
with 250 mg/kg compound S003405 ("S3405" dash line);
and mice orally treated once daily for two days with
250 mg/kg compound S003747 ("S3747" dot-dash line).
Mice treated with SO3518, S03405 or S03747 all showed
dramatically higher survival rates than control mice.
Control mice showed decreased survival beginning at
about 29 days after transplantation, and only about
30% survival at 50 days after transplantation. In
contrast, mice treated with S03518,S03405 or S03747
showed very little decrease in survival, and still had
extremely high survival rates of between 80-100% by 50
days after transplantation. These results demonstrated
that S00109, S01860, S03518, S03405 or S03747,
administered intraperitoneally or orally, had
selective cytotoxicity in vivo against cancer cells
(ARH 77 cells of the xenograft tumor) while having no
detectable cytotoxicity against normal cells (the
mouse graft host). These results demonstrated that
five different compounds of the present invention were
administered to a subject in an effective amount to
treat a proliferative disorder in a subject. Example
5: Ability of representative compounds to cause
adaptation to G2 cell cycle arrest and induce
G2-arrested cells to re-enter the cell cycle
Representative compounds were synthesized according to
methods provided herein. The structure and other
properties of each compound was determined by IH NMR
spectroscopy for each synthesized compound.
Pre-arrested Jurkat cells were prepared as described
in Example 1. Briefly, Jurkat cells were subjected to
X-ray irradiation at a dose of 10 Gy, and cultured for
24 hours in 10% fetal calf serum (FCS)/RPMI1640 at 37C
with 5% CO2/air, after which time cells were exposed
to various concentrations of test compounds, and
cultured under the conditions described above for an
additional 24 hours before harvesting. Harvested cells
were stained with Krishan's buffer (0.1% sodium
citrate, 50 mg/ml propidium iodide, 20 mg/ml RNase A,
0.5% Nonidet P-40) and analyzed by flow cytometry (BD
Biosciences, Franklin Lakes, NJ) to identify the cell
stage of each cell in the sample. Cells in Gl phase
were identified by having doubled (2N) DNA content.
The IC50 value for each compound was calculated as the
dosage (concentration in mM) that caused half-maximal
increase of the percentage of cells in Gl phase (the
Gl increment) measured for that test compound. Table 1
below presents the structure, mass, IH NMR values, and
IC50 values for representative compounds.Table 1.
Representative Compounds and IC50 valuesDescription
COMPOUND PROFILING METHOD [1] BACKGROUND OF THE
INVENTION [2] FIELD OF THE INVENTION: [3] The present
invention is related to the technologies of
classifying compounds. More specifically, the present
invention is related to a method for profiling
compounds based on biological functions and its
relevant inventions. [4] DESCRIPTION OF BACKGROUND ART
[5] Biological actions of compounds essential for our
daily life such as pharmaceutical products, cosmetics,
and food additives are not always fully understood.
There are a number of such cases in which unexpected
toxicity has developed into a social problem, or
unexpected pharmacological effects have been
discovered or the like. While the antiepilepsy drug
'thalidomide' has developed into a drug induced social
problem of cacomelia, it has also been shown to
exhibit effects on Hansen's disease or myeloma, which
is a typical example. As such, there are still demands
in which compound profiling (or biological activity
analysis) serves the development of use of compounds
and securing safety, while the number of novel
compounds to be on the market is decreasing. [6]
Bowers, P. M. et al. (Use of logic relationships to
decipher protein network or ganization. Science 306,
2246-2249 (2004)) proposed that gene occurrence in the
genome is correlated with pathways, and thus it is
possible to analyze pathways using relative genome
methods. However, the present inventors have
investigated this method using an animal cell, and it
turned out that this method could not be used. [7]
Dan, S. et al. (Cancer Res. 62; 1139- 1147, (2002))
proposed a method for screening a drug having similar
biological activity, from similarities in growth
inhibitory effects or gene expression patterns upon
addition of a drug to a variety of cell species. This
method does not allow derivation of a pathway relating
to biological activity of a drug, which is to be
achieved by the present invention. Therefore, this
method cannot be used for target analysis of a drug or
multidrug combination design of drugs. [8] Perlman, Z.
E. et al.(Science 306; 1194-1 198, (2004)) discloses a
method for evaluating effects of a drug on a single
cell by means of time-lapsed alteration pattern of a
plurality of gene expression reporters. This method
allows predicting the similarity of drugs, however, it
cannot be used for target analysis of a drug or
multidrug combination design of drugs. [9] DISCLOSURE
OF THE INVENTION [10] SUMMARY OF INVENTION [11]
(Problems to be solved by the invention)[12] The
present invention provide a novel method for
clarifying and investigating an in tracellular
pathway, used for biological activity of a compound,
as effective in formation in order to analyze utility
or side effects (toxicity) of a compound on a
biological entity to answer the above-mentioned
demands from society. [13] (Means for solving the
problem) [14] Apoptosis of a human cell occurs in all
cells from all tissues due to caspase activity.
Further, when an animal cell grows, activities of Rb
and E2F are necessary. As such, when the biological
entities in the issue are the same, it is known that
the same component is used for effecting the same
cellular function. The present inventors have found a
method for clarifying a pathway relating to a function
of a cell in a tissue from the expression occurrence
of the intracellular components necessary for the
cellular function in a tissue by targeting cells from
the same biological entity. [15] As such, the present
invention provides the following: [16] Item 1 A method
for deriving an upstream or downstream component of a
component necessary for a phenotypic alteration of a
living organism, the method comprising the steps of:
[17] A) specifying a pathway of interest related to
the phenotypic alteration and a reference pathway
different from the pathway of interest, and specifying
a stimulant of interest and a reference stimulant
which respectively stimulates the pathway of interest
and the reference pathway; [18] B) giving the
stimulant of interest to the living organism to
identify a collection of components of interest
necessary for the phenotypic alteration; [19] C)
giving the reference stimulant to the living organism
to identify a collection of the reference components
necessary for the phenotypic alteration; [20] D)
calculating an intersection between the collection of
the components of interest and the reference
components; and [21] E) calculating a differential
collection by subtracting the intersection from the
collection of components of interest, wherein a
component which belongs to the dif ferential
collection is determined to be present upstream or
downstream of the in tersection. [22] Item 2 The
method according to item 1, wherein the living
organism is a cell. [23] Item 3 The method according
to item 1, wherein the living organism is grown under
two or more different conditions. [24] Item 4 The
method according to item 1, wherein the component is
induced from functional assay data which is indicative
of a cell, tissue or an individual. [25] Item 5 The
method according to item 1, wherein the component is
selected based on a functional assay from a limited
number of candidate genes including miRNA. [26] Item 6
The method according to item 1, wherein the component
is a target calculatedbased on functional assay data
from the target collection of the stimulant. [27] Item
7 The method according to item 1, wherein the
component is a protein, a nucleic acid or both, which
has an effect on a phenotype of interest. [28] Item 8
The method according to item 1, wherein the component
is derived from the result of a functional screening
from a limited number of functional nucleic acid
libraries. [29] Item 9 The method according to item 1,
wherein the stimulant is an antibody, an RNA
interference agent or a molecular target inhibitor.
[30] Item 10 A method for profiling a compound
comprising the step of repeatedly applying the method
according to item 1. [31] Item 11A process for
profiling a compound which can be combined for use in
achieving the phenotypic alteration, the process
comprising the step of repeatedly applying the method
according to item 1, wherein the process further
comprises the steps of: [32] A) calculating the
collection of components of interest which increases
the phenotypic alteration expected by a living
organism under a culture condition in which the
compound is added; [33] B) calculating the collection
of components of interest which increases the
phenotypic alteration expected by a living organism
under a culture condition in which there is no
compound; [34] C) calculating a differential
collection of the collection of components of interest
and 



the collection of reference components thereby
calculating a specific component collection appearing
under the culture conditions with a compound added
thereto; [35] D) calculating a common pathway of
components included in the specific component
collection; and [36] E) selecting a compound which
targets the common pathway. [37] Item 12 A process for
searching for a target of a compound, comprising the
method according to item 1, the process further
comprising the steps of: [38] A) calculating the
collection of components of interest which increases
the phenotypic alteration expected by a living
organism under a culture condition in which the
compound which can be combined for use in achieving
the phenotypic alteration is added; [39] B)
calculating the collection of components of interest
which increases the phenotypic alteration expected by
a living organism under a culture condition in which
there is no compound which can be combined for use in
achieving the phenotypic alteration; [40] C)
calculating a differential collection of the
collection of components of interest and the
collection of reference components, thereby
calculating a specific componentcollection appearing
under the culture conditions with a compound added
thereto; [41] D) calculating a common pathway of
components included in the specific component
collection; and [42] E) selecting a target included in
the common pathway. [43] Item 13 A process for
searching for a target of a similar compound,
comprising the method according to item 1, wherein the
process comprises the steps of: [44] A) calculating
the collection of components of interest which
increases the phenotypic alteration expected by a
living organism in a culture circumstance in which the
compound which can be combined for use in achieving
the phenotypic alteration is added; [45] B)
calculating the collection of components of interest
which increases the phenotypic alteration expected by
a living organism under a culture condition in which
there is no compound which can be combined for use in
achieving the phenotypic alteration; [46] C)
calculating a differential collection of the
collection of components of interest and the
collection of reference components, thereby
calculating a specific component collection appearing
under the culture condition with a compound added
thereto; [47] D) calculating a common pathway of
components included in the specific component
collection; and [48] E) selecting a target of a
similar compound from the common pathway. [49] Item 14
A method for inhibiting breast cancer using a
combination of DXR and at least an inhibitor of the
EphA family. [50] Item 15 A method for inhibiting
breast cancer using a combination of DXR and at least
an inhibitor of the EphB family. [51] Item 16 A method
for inhibiting breast cancer using a combination of
DXR and at least an inhibitor of c-KIT. [52] Item 17 A
method for inhibiting breast cancer using a
combination of DXR and at least an inhibitor of ALK.
[53] Item 18 A system for deriving an upstream or
downstream component necessary for the phenotypic
alteration of a living organism, the system
comprising: [54] A) a computer for specifying a
pathway of interest related to the phenotypic
alteration and a reference pathway different from the
pathway of interest, and specifying a stimulant of
interest and a reference stimulant which respectively
stimulate the pathway of interest and the reference
pathway; [55] B) an assay system for giving the
stimulant of interest to the living organism to
identify a collection of components of interest
necessary for the phenotypic alteration; [56] C) an
assay system for giving the reference stimulant to the
living organism to identify a collection of reference
components necessary for the phenotypic alteration;
[57] D) a computer for calculating an intersection
between the collection of the components of interest
and the reference components; and [58] E) a computer
for calculating a differential collection by
subtracting the intersection from the collection of
components of interest, wherein a component which
belongs to the differential collection is determined
to be present upstream or downstream of the
intersection. [59] Item 19 A program for
implementation by a computer to conduct a method for
deriving an upstream or downstream component necessary
for the phenotypic alteration of a living organism,
the method comprising the steps of: [60] A) specifying
a pathway of interest related to the phenotypic
alteration and a reference pathway different from the
pathway of interest, and specifying a stimulant of
interest and a reference stimulant which respectively
stimulate the pathway of interest and the reference
pathway; [61] B) giving the stimulant of interest to
the living organism to identify a collection of
components of interest necessary for the phenotypic
alteration; [62] C) giving the reference stimulant to
the living organism to identify a collection of
reference components necessary for the phenotypic
alteration; [63] D) calculating an intersection
between the collection of the components of interest
and the reference components; and [64] E) calculating
a differential collection by subtracting the
intersection from the collection of components of
interest, wherein a component which belongs to the dif
ferential collection is determined to be present
upstream or downstream of the in tersection. [65] Item
20 A storage medium with a program stored thereon for
an implementation by a computer to conduct a method
for deriving upstream or downstream of a component
necessary for phenotypic alteration of a living
organism, the method comprising the steps of: [66] A)
specifying a pathway of interest related to the
phenotypic alteration and a reference pathway
different from the pathway of interest, and specifying
a stimulant of interest and a reference stimulant
which respectively stimulates the pathway of interest
and the reference pathway; [67] B) giving the
stimulant of interest to the living organism to
identify a collection of components of interest
necessary for the phenotypic alteration; [68] C)
giving the reference stimulant to the living organism
to identify a collection of reference components
necessary for the phenotypic alteration; [69] D)
calculating an intersection between the collection of
the components of interest and the reference
components; and [70] E) calculating a differential
collection by subtracting the intersection from
thecollection of components of interest, wherein a
component which belongs to the dif ferential
collection is determined to be present upstream or
downstream of the in tersection. [71] Item 2 1 A
composition for inhibiting breast cancer comprising a
combination of DXR and at least an inhibitor of the
EphA family. [72] Item 22 A composition for inhibiting
breast cancer comprising a combination of DXR and at
least an inhibitor of the EphB family. [73] Item 23 A
composition for inhibiting breast cancer comprising a
combination of DXR and at least an inhibitor of c-KIT.
[74] Item 24 A composition for inhibiting breast
cancer comprising a combination of DXR and at least an
inhibitor of ALK. [75] Hereinafter, the present
invention will be described by way of preferred em
bodiments. It will be understood by those skilled in
the art that the embodiments of the present invention
can be appropriately made or carried out based on the
description of the present specification and the
accompanying drawings, and commonly used techniques
well known in the art. The function and effect of the
present invention can be easily recognized by those
skilled in the art. [76] THE EFFECTS OF THE INVENTION
[77] The present invention provides a method for
profiling a compound, thereby allowing investigation
of the compound with respect to its biological
function in a biological entity. [78] BRIEF
DESCRIPTION OF THE DRAWINGS [79] Figure 1 depicts an
exemplary quantification algorithm of component
occurrence relating to the nerve projection extension.
The pathway components requiring retinoic acid (RA)
triggered neurite outgrowth were elucidated from the
hit siRNAs obtained by functional screening.
Similarly, the pathway components requiring NGF
triggered neurite outgrowth were elucidated from the
hit siRNAs obtained by the functional screening. As
the next step, the intersection subset of the
components was obtained from these pathway component
sets. The specific pathway components of RA triggered
neurite outgrowth were elucidated by subtraction of
the pathway components requiring RA triggered neurite
outgrowth and the intersection subset. Similarly, the
specific pathway components of NGF triggered neurite
outgrowth were elucidated by subtraction of the
pathway components requiring NGF triggered neurite
outgrowth and the intersection subset. Then, all the
known molecular relations among the components in each
of the sets were added and then contradictory relation
data was subtracted against the neurite outgrowth
acceleration. Finally, all of the remaining molecular
relations were integrated. [80] Figure 2 depicts an
exemplary molecular relationship extraction algorithm.
The firststep defines the endpoint molecules of the
pathway. The second step is to elucidate all the known
molecular relation data from each the hit component to
the endpoint molecules. The third step is subtraction
of contradictory relations against the phenotypic
change. After this process for all the hit components,
all the molecular relation data is superimposed and
the overlapped molecular relations are removed. Then,
the remaining components and the relations are
obtained. 



[81] Figure 3A depicts an exemplary of components and
pathway relating to the pr ojection extension by
retinoic acid (RA). The output graph indicates
molecular relations between the hit molecules (RAR,
JAKl, and JAK3) and the endpoint molecules (ROR and
RET). [82] Figure 3B depicts an exemplary of
components and pathway relating to the projection
extension by Nerve Growth Factor (NGF). The output
graph indicates molecular relations between the hit
molecules (IRS, PDGFR, NTRKl, and RPHB2) and the
endpoint molecules (ROR and RET). [83] Figure 4
depicts an exemplary of components and pathway
relating to the projection extension by retinoic acid
(RA) and Nerve Growth Factor (NGF). The output graph
indicates molecular relations between the hit
molecules (RAR, JAKl, and JAK3) for retinoic acid
(RA), the hit molecules (IRS, PDGFR, NTRKl, and RPHB2)
for Nerve Growth Factor (NGF), and the endpoint
molecules (ROR and RET). [84] Figure 5A depicts an
exemplary quantification algorithm of component
occurrence relating to DXR sensitivity. To elucidate
DXR-enhanced pathway candidates of SKBR- 3 cell line,
the hit components were elucidated by subtraction of
intersection subset of the hit components in the
presence or the absence of DXR. Then, the molecular
relations between the hit molecules elucidated above
and the endpoint molecule (RB) defined were elucidated
by using the algorithm described in Figure 2. To
elucidate DXR-suppressed pathway candidates of SK-BR-3
cell line, the hit components were elucidated by
subtraction of the intersection subset of the hit
components in the presence or the absence of DXR.
Then, the molecular relations between the hit
molecules elucidated above and the endpoint molecule
(RB) defined were elucidated by using the algorithm
described in Figure 2. To elucidate central pathway
candidates of breast cancer cell lines, the
intersection subset was elucidated from the
intersection subsets in the presence or the absence of
DXR in SK-BR-3 and T47D culture conditions. Then, the
molecular relations between the molecules in the
intersection subset elucidated above and the endpoint
molecule (RB) defined were elucidated by using the
algorithm described in Figure 2. DXR-resistant growth
pathway candidates were elucidated from the hit
molecules in MCF7, which is a DXR resistant cell line,
by using the algorithm described in Figure 2. All the
pathway candidates were integrated. [85] Figure 5B
depicts elucidation of the central pathways extracted
from an exemplaryquantification algorithm of component
occurrence relating to the DXR sensitivity shown in
Figure 5A. [86] Figure 5C depicts elucidation of
DXR-enhanced pathways extracted from an exemplary
quantification algorithm of component occurrence
relating to the DXR sensitivity shown in Figure 5A.
[87] Figure 5D depicts elucidation of DXR-suppressed
pathways extracted from an exemplary quantification
algorithm of component occurrence relating to the DXR
sensitivity shown in Figure 5A. [88] Figure 5E depicts
elucidation of DXR-resistant growth pathways extracted
from an exemplary quantification algorithm of
component occurrence relating to the DXR sensitivity
shown in Figure 5A. [89] Figure 5F depicts integrated
data of an exemplary quantification algorithm of
component occurrence relating to the DXR sensitivity
shown in Figure 5A. [90] Figure 6 depicts an exemplary
of extraction of common pathway for the DXR in
dependent pathways in SK-BR-3. The common molecules
FER, EPHB6 and TYK2 ex perimentally elucidated are
connected to the defined endpoint RB through the
molecular relations described in the graph. Shaded
boxes indicate experimental hits for DXR sensitive
cell line. [91] Figure 7 depicts an exemplary of
extraction of pathway which is inhibited by DXR, i.e.
DXR-suppressed pathways in SK-BR-3. The molecules
Tie-1, Tie-2, ERBB2, CSF-I, BLK, and BTK elucidated as
the DXR-suppressed pathway components are connected to
the defined endpoint RB through the molecular
relations described in the graph. Shaded boxes
indicate experimental hits for DXR sensitive cell
line. [92] Figure 8 depicts an exemplary of extraction
of pathway which is increased by DXR, i.e.
DXR-enhanced pathways in SK-BR-3. The molecules EPHB4,
DDRl, EPHA3, EPHA4, and EPHA7 elucidated as the
DXR-enhanced pathway components are connected to the
defined endpoint RB through the molecular relations
described in the graph. Shaded boxes indicate
experimental hits for DXR sensitive cell line. [93]
Figure 9 depicts an exemplary extraction of growth of
a cell having DXR resistance, i.e. DXR-resistant
growth pathways in MCF7. The molecules C-KIT, and ALK
elucidated as the DXR-resistant pathway components are
connected to the defined endpoint RB through the
molecular relations described in the graph. [94]
Figure 10 depicts an exemplary extraction of
DXR-dependent and independent pathways in SK-BR-3.
Black wide lines/arrows indicate the DXR-independent
pathways. Shaded intermediate lines/arrows indicate
the DXR-enhanced pathways. Black narrow lines/arrows
indicate the DXR-suppressed pathways. As shown in
Figure 10, the present invention elucidated how known
anti-cancer agents function in the cells. Therefore,
Herceptin and XL647(PI) effects on ErbB2 resulting in
a DXRsuppression. EphB6, VEFGR, Tyk2, EphA3, EphA4,
and EphA7 turned out to be potential targets for
screening anti-cancer agents (BBRC(2004)318:882, MoI.
Pharmacol. (2004) 66:635, Cancer & Metastasis 22,
423-434 (2003), Cytokine& Growth Factor Reviews (2004)
15:419). Recently, VEGFR has been clinically
determined to be a DXR enhance target. Therefore, the
present invention clearly demonstrates that it
provides effective screening methods. [95] Figure 11
depicts an exemplary example ofthe concept of the
present invention, reactivity of compounds to cell
species for testing and references of the cell species
(such as cells 1, 2, 3, 4 and 5, which have larger to
smaller similarities to the test cell species) are
analyzed and component collections necessary for the
biological activity of a compound are determined.
Thereafter, components different from cell species to
cell species are determined from upstream to
downstream by the means of the present methods of the
present invention and the component essential for the
action of the component are determined. [96] Figure 12
depicts an exemplary configuration of a computer 500
for executing the compound profiling methodof the
present invention. [97] BRIEF DESCRIPTION OF SEQUENCE
LISTING [98] SEQ ID NO: 1: nucleic acid sequence of
Homo sapiens EPH receptor Al (EPHAl), mRNA. ACCESSION
NM_005232 [99] SEQ ID NO: 2: amino acid sequence of
Homo sapiens EPH receptor Al (EPHAl) [100] SEQ ID NO:
3: nucleic acid sequence of Homo sapiens EPH receptor
A2 (EPHA2), mRNA. ACCESSION NM_004431 [101] SEQ ID NO:
4: amino acid sequence of Homo sapiens EPH receptor A2
(EPHA2), mRNA. ACCESSION NM_004431 [102] SEQ ID NO: 5:
nucleic acid sequence of Homo sapiens EPH receptor A3
(EPHA3), transcript variant 1, mRNA. ACCESSION
NM_005233. [103] SEQ ID NO: 6: amino acid sequence of
Homo sapiens EPH receptor A3 (EPHA3), transcript
variant 1, mRNA. ACCESSION NM_005233. [104] SEQ ID NO:
7: nucleic acid sequence of Homo sapiens EPH receptor
A4 (EPHA4), mRNA. ACCESSION NM_004438 XM_379155 [105]
SEQ ID NO: 8: amino acid sequence of Homo sapiens EPH
receptor A4 (EPHA4), mRNA. ACCESSION NM_004438
XM_379155 [106] SEQ ID NO: 9: nucleic acid sequence of
Homo sapiens EPH receptor A7 (EPHA7), mRNA. ACCESSION
NM_004440 [107] SEQ ID NO: 10: amino acid sequence of
Homo sapiens EPH receptor A7 (EPHA7), mRNA. ACCESSION
NM_004440 [108] SEQ ID NO: 11: nucleic acid sequence
of Homo sapiens EPH receptor A8 (EPHA8), transcript
variant 1, mRNA. ACCESSION NM_020526[109] SEQ ID NO:
12: amino acid sequence of Homo sapiens EPH receptor
A8 (EPHA8), transcript variant 1, mRNA. ACCESSION
NM_020526 [110] SEQ ID NO: 13: nucleic acid sequence
of Homo sapiens EPH receptor Bl (EPHBl), mRNA.
ACCESSION NM_004441 [111] SEQ ID NO: 14: amino acid
sequence of Homo sapiens EPH receptor Bl (EPHBl),
mRNA. ACCESSION NM_004441 [112] SEQ ID NO: 15: nucleic
acid sequence of Homo sapiens EPH receptor B2 (EPHB2),
transcript variant 2, mRNA. ACCESSION NM_004442 [113]
SEQ ID NO: 16: amino acid sequence of Homo sapiens EPH
receptor B2 (EPHB2), transcript variant 2, mRNA.
ACCESSION NM_004442 [114] SEQ ID NO: 17: nucleic acid
sequence of Homo sapiens EPH receptor B3 (EPHB3),
mRNA. ACCESSION NM_004443 [115] SEQ ID NO: 18: amino
acid sequence of Homo sapiens EPH receptor B3 (EPHB3),
mRNA. ACCESSION NM_004443 [116] SEQ ID NO: 19: nucleic
acid sequence of Homo sapiens EPH receptor B4 (EPHB4),
mRNA. ACCESSION NM_004444 [117] SEQ ID NO: 20: amino
acid sequence of Homo sapiens EPH receptor B4 (EPHB4),
mRNA. ACCESSION NM_004444 [118] SEQ ID NO: 21: nucleic
acid sequence of Homo sapiens EPH receptor B6 (EPHB6),
mRNA. ACCESSION NM_004445. [119] SEQ ID NO: 22: amino
acid sequence of Homo sapiens EPH receptor B6 (EPHB6),
mRNA. ACCESSION NM_004445. [120] SEQ ID NO: 23:
nucleic acid sequence of Homo sapiens v-kit
Hardy-Zuckerman 4 feline sarcoma viral oncogene
homolog (KIT), mRNA. ACCESSION NM_000222. [121] SEQ ID
NO: 24: amino acid sequence of Homo sapiens v-kit
Hardy-Zuckerman 4 feline sarcoma viral oncogene
homolog (KIT), mRNA. ACCESSION NM_000222. [122] SEQ ID
NO: 25: nucleic acid sequence of Homo sapiens
anaplastic lymphoma kinase (Ki-I) (ALK), mRNA.
ACCESSION NM_004304. 



[123] SEQ ID NO: 26: amino acid sequence of Homo
sapiens anaplastic lymphoma kinase (Ki-I) (ALK), mRNA.
ACCESSION NM_004304. [124] BEST MODE FOR CARRYING OUT
THE INVENTION [125] It should be understood throughout
the present specification that articles for a singular
form includes the concept of their plurality unless
otherwise mentioned. Therefore, articles or adjectives
for singular forms (e.g., 'a', 'an', 'the', etc. in
English, and articles, adjectives, etc. in other
languages) include the concept of their plurality
unless otherwise specified. As such, the terms 'a' or
'an', 'one or more' and 'at least one' can be used
interchangeably herein. It is also to be noted that
the terms 'comprising,' 'including,' and 'having' can
be used interchangeably. Furthermore, a
compound'selected from the group consisting of, refers
to one or more of the compounds in the list that
follows, including mixtures (i.e. combinations) of two
or more of the compounds. It should be also understood
that terms used herein have definitions which are
ordinarily used in the art unless otherwise mentioned.
Therefore, all technical and scientific terms used
herein have the same meanings as commonly understood
by those skilled in the art. Otherwise, the present
application (including definitions) takes precedence.
[126] Before the present compounds, compositions,
system, device and/or methods are disclosed and
described, it is to be understood that this invention
are not limited to specific synthetic methods,
specific reagents or to laboratory or manufacturing
techniques, as such may, of course, vary unless it is
otherwise indicated. It is also to be understood that
the terminology used herein are for the purposes of
describing particular embodiments only and are not
intended to be limiting. [127] (Definition of terms)
[128] Hereinafter, terms specifically used herein will
be defined. [129] (Biological Functions) [130] As used
herein, the term 'network of biological functions'
refers to any network of parameters of a biological
entity, such as genes, transcriptional factors,
structural genes, cellular markers, cell surface
markers, cell shapes, organelle shapes, cell mobility,
enzyme activities, metabolite concentrations, and
localization of cellular components and the like. Such
networks may be, but are not limited to, a pathway of
parameters such as genes, signal transduction pathway
and the like. [131] As used herein, a 'pathway' refers
to any pathway of parameters of a biological entity.
Such pathways may be, but are not limited to, a
pathway of a drug stimulations and the like. [132] As
used herein, the term 'biological function' refers to
any parameter which is related to and/or reflects the
living state of a biological entity such as a cell.
Such biological functions include, but are not limited
to, transcriptional factors, regulatory genes,
structural genes, cellular markers, cell surface
markers, cell shapes, organelle shapes, cell mobility,
enzyme activities, metabolite concentrations and the
localization of cellular components. Such biological
functions may be measured by using a functional
reporter which is specific to its function. As used
herein the term 'specific' in terms of the biological
function refers to the relationship between a
biological function and a functional reporter, wherein
a change in the functional reporter is related to the
change in the state of the biological function. [133]
As used herein, the term 'perturbation agent' or
'stimulant (or stimulation agent)' refers to any agent
that causes perturbation in a biological entity. Such
perturbation agents or stimulants (or stimulation
agents) include, but are not limited to, for
example,RNA (e.g. siRNA, shRNA, miRNA, ribozyme),
chemical compounds, cDNA, antibodies, polypeptides,
light, sound, pressure change, radiation, heat, gas,
and the like, particularly siRNA capable of
specifically regulating a function of the said
functional reporter is preferred, since such siRNA
specifically targets the function in a biological
entity such as a cell. [134] As used herein, the term
'functional reporter' refers to an agent which changes
the signal of a biological function to a measurable
signal, such as light, expression of protein,
production of metabolite, change in color,
fluorescence, chemilunescence, and the like. [135]
<Mathematical analysis> [136] As used herein, the term
'set theory' refers to a theory as used and understood
in the art, and the branch of pure mathematics that
deals with the nature and the relationships of sets. A
mathematical formalization of the theory of 'sets'
(aggregates or collections) of objects ('elements' or
'members'). Many mathematicians use the set theory as
the basis for all other mathematics. Such set theory
includes the analysis of members into sets and
classification of sets into inclusion, independent and
intersection, and the like. [137] As used herein, the
term 'set' is used as in the set theory in the art,
and refers to a group of members or elements. [138] As
used herein, the term 'member', 'cardinality' or
'element' is interchangeably used to refer to a basic
unit of a set. In the present invention, a functional
reporter can be regarded as a set, and a perturbation
agent or information/data/result derived there from,
can be regarded as a member. [139] As used herein, the
term 'inclusion' refers to a relationship between two
sets where all the members of one set is included in
the other set. [140] As used herein, the term
'independent' refers to a relationship between two
groups, where all members of one set are not included
in the other set and vice versa. [141] As used herein,
the term 'intersection' refers to a relationship
between two sets where some members of one set are
included and some are not, and vice versa, therefore
there is an overlap set between the two sets. [142] As
used herein, the term 'network relationship' refers to
a relationship between members of a network. Such a
relationship may be presented in a map of members with
arrows, which shows the direction of influence of one
member on the other. [143] As used herein, the term
'parallel' are used for the relationship between two
parameters, referring to the state where the two
parameters are located in different pathways in a
network. [144] As used herein, the term 'downstream'
are used for the relationship between two parameters,
referring to the state where one of the two parameters
is located downstream of the other in a pathway or a
network.[145] As used herein, the term 'upstream' is
used for the relationship between two parameters,
referring to the state where one of the two parameters
is located upstream of the other in a pathway or a
network. [146] As used herein, the term 'common'
refers to a state where two parameters are in the same
relationship for a function or any other parameter of
a biological entity. [147] As used herein, the phrase
'equally targeting 'refers to a condition of
distributing per turbation agents or stimulants, where
the perturbation agents or stimulants to be introduced
have substantially the same effects on the targets of
interest. In the present invention, two or more
perturbation agents are usually used to change the
network structure of a biological entity such as a
cell, it is preferable to use such equally targeting
perturbation agents or stimulants. [148] As used
herein, the term 'threshold' refers to a specific
value for evaluating whether a function is activated
or suppressed. Such a threshold may be determined
exper imentally, empirically or theoretically.
Thresholds may be arbitrarily selected for certain
cases. [149] (Biology) [150] As used herein, the term
'biological entity' refers to any entity which is
biologically living. Examples of such biological
entities include living organisms, organ, tissue,
cell, microorganisms such as bacteria, virus and the
like. [151] The term 'cell' is herein used in its
broadest sense in the art, referring to the structural
unit of a tissue of a multicellular organism, which is
capable of self replicating, has genetic information
and a mechanism for expressing it and is surrounded by
a membrane structure which isolates the cell from the
outside. Cells used herein may be either
naturally-occurring cells or artificially modified
cells (e.g., fusion cells, ge netically modified
cells, etc.). Examples of cell sources include, but
are not limited to, a single-cell culture; an embryo,
blood, or body tissue of normally-grown transgenic
animal; a mixture of cells derived from normally-grown
cell lines; and the like. [152] Cells used herein may
be derived from any organism (e.g., any unicellular
organisms (e.g., bacteria and yeast) or any
multicellular organisms (e.g., animals (e.g.,
vertebrates and invertebrates) and plants (e.g.,
monocotyledons and dicotyledons, etc.)). For example,
cells used herein are derived from a vertebrate (e.g.,
Myxiniformes, Petronyzoniformes, Chondrichthyes,
Osteichthyes, amphibian, reptilian, avian, mammalian,
etc.), more preferably mammalian (e.g., monotremata,
marsupialia, edentate, dermoptera, chiroptera,
carnivore, insectivore, proboscidea, peris sodactyla,
artiodactyla, tubulidentata, pholidota, sirenia,
cetacean, primates, rodentia, lagomorpha, etc.). In
one embodiment, cells are derived from Primates (e.g.,
chimpanzee, Japanese monkey, human) are used. The
above-described cells may be either stem cells or
somatic cells. Also, the cells may be adherent cells,
suspended cells, tissue formingcells and mixtures
thereof. The cells may be used for transplantation.
[153] Any organs may be targeted by the present
invention. A biological entity such as a tissue or
cell targeted by the present invention may be derived
from any organs. As used herein, the term 'organ'
refers to a morphologically independent structure
localized at a particular portion of an individual
organism in which a certain function is performed. In
a multicellular organisms (e.g., animals, plants), an
organ consists of a several tissues spatially arranged
in a particular manner, each tissue being composed of
a number of cells. An example of such an organ
includes an organ relating to the vascular system. In
one embodiment, organs targeted by the present
invention include, but are not limited to, skin, blood
vessel, cornea, kidney, heart, liver, umbilical cord,
intestine, nerve, lung, placenta, pancreas, brain,
peripheral limbs, retina and the like. Examples of
cells differentiated from pluripotent cells includes
epidermic cells, pancreatic parenchymal cells,
pancreatic duct cells, hepatic cells, blood cells,
cardiac 



muscle cells, skeletal muscle cells, osteoblasts,
skeletal myoblasts, neurons, vascular endothelial
cells, pigment cells, smooth muscle cells, fat cells,
bone cells, cartilage cells and the like. [154] As
used herein, the term 'tissue' refers to an aggregate
of cells having substantially the same function and/or
forms in a multicellular organism. 'Tissue' is
typically an aggregate of cells in the same origin,
but may be an aggregate of cells of a different
origins as long as the cells have the same function
and/or forms. Therefore, tissues used herein may be
composed of an aggregate of cells of two or more
different origins. Typically, a tissue constitutes a
part of an organ. Animal tissues are separated into
epithelial tissue, connective tissue, muscular tissue,
nervous tissue and the like, on a morphological,
functional, or developmental basis. Plant tissues are
roughly separated into meristematic tissue and
permanent tissue according to the developmental stage
of the cells constituting the tissue. Alternatively,
tissues may be separated into single tissues and
composite tissues according to the type of cells
constituting the tissue. Thus, tissues are separated
into various categories. [155] As used herein, the
term 'isolated' means that naturally accompanying
material is at least reduced, or preferably
substantially completely eliminated, in normal cir
cumstances. As used herein, an isolated biological
entity can be targeted by the present invention.
Therefore, the term 'isolated cell' refers to a cell
substantially free from other accompanying substances
(e.g., other cells, proteins, nucleic acids, etc.) in
natural cir cumstances. The term 'isolated' in
relation to nucleic acids or polypeptides means that,
for example, the nucleic acids or the polypeptides are
substantially free from cellular substances or culture
media when they are produced by recombinant DNA
techniques; or precursory chemical substances or other
chemical substances when they are chemically
synthesized. Isolated nucleic acids are preferably
free from sequenceswhich are naturally flanking the
nucleic acid within an organism from which the nucleic
acid are derived (i.e., sequences positioned at the 5'
terminus and the 3' terminus of the nucleic acid).
Preferably, an isolated cell is used for analysis of
the present invention. [156] As used herein, the term
'established' in relation to cells refers to a state
of a cell in which a particular property (such as
pluripotency) of the cell are maintained and the cell
undergoes stable proliferation under culture
conditions. In the present invention, such an
established cell may be used. [157] As used herein,
the term 'state' refers to a condition concerning
various parameters of a biological entity such as a
cell (e.g., cell cycle, response to an external
factor, signal transduction, gene expression, gene
transcription, etc.). Examples of such a state
include, but are not limited to, differentiated
states, undifferentiated states, responses to external
factors, cell cycles, growth states and the like. As
used herein, the term 'gene state' refers to any state
associated with a gene (e.g., an expression state, a
transcription state, etc.). [158] As used herein, the
terms 'differentiation' or 'cell differentiation'
refers to a phenomenon where two or more types of
cells, having qualitative differences in forms and/or
functions occuring in daughter cell populations, are
derived from the division of a single cell. Therefore,
'differentiation' includes a process during which a
population (family tree) of cells, which do not
originally have a specific detectable feature, acquire
a feature, such as production of a specific protein,
or the like. At present, cell differentiation is
generally considered to be a state of a cell in which
a specific group of genes in the genome are expressed.
Cell differentiation can be identified by searching
for intracellular or extracellular agents or
conditions which elicit the abovedescribed state of
gene expression. Differentiated cells are stable in
principle. Par ticularly, animal cells as once
differentiated, they are rarely differentiated into
other types of cells. [159] As used herein, the term
'pluripotency' refers to a nature of a cell, i.e., an
ability to differentiate into one or more, preferably
two or more, tissues or organs. Therefore, the terms
'pluripotent' and 'undifferentiated' are herein used
interchangeably unless otherwise mentioned. Typically,
the pluripotency of a cell is limited during de
velopment, and in an adult, cells constituting a
tissue or organ rarely alter to different cells, that
is, the pluripotency is usually lost. Particularly,
epithelial cells resist altering to other types of
epithelial cells. Such alteration typically occurs in
pathological conditions, and is called metaplasia.
However, mesenchymal cells tend to easily undergo
metaplasia, i.e., alter to other mesenchymal cells,
with relatively simple stimuli. Therefore, mesenchymal
cells have a high level of pluripotency. Embryonic
stem cells have pluripotency, and tissue stem cells
have pluripotency. Thus, the term'pluripotency' may
include the concept of totipotency. An example of an
in vitro assay for determining whether or not a cell
has pluripotency, includes but is not limited to,
culturing under conditions for inducing the formation
and the differentiation of embryoid bodies. Examples
of an in vivo assay for determining the presence or
absence of pluripotency, include but are not limited
to, implantation of a cell into an immunodeficient
mouse so as to form teratoma, injection of a cell into
a blastocyst so as to form a chimeric embryo,
implantation of a cell into a tissue of an organism
(e.g., injection of a cell into ascites) so as to
undergo proliferation and the like. As used herein,
one type of pluripotency is 'totipotency', which
refers to an ability to be dif ferentiated into all
kinds of cells which constitute an organism. The idea
of pluripotency encompasses totipotency. An example of
a totipotent cell is a fertilized ovum. An ability to
differentiate into one type of cell is called
'unipotency'. [160] As used herein, the term 'gene'
refers to an element defining a genetic trait, which
is a biological function of a biological entity. A
gene is typically arranged in a given sequence on a
chromosome or other extrachromosomal factor. A gene
which defines the primary structure of a protein is
called a structural gene. A gene which regulates the
expression of a structural gene is called a regulatory
gene (e.g., promoter). Genes herein includes
structural genes and regulatory genes unless otherwise
specified. Therefore, for example, the term 'cyclin
gene' typically includes the structural gene of cyclin
and the promoter of cyclin. As used herein, 'gene' may
refer to 'polynucleotide', 'oligonucleotide', 'nucleic
acid', and 'nucleic acid molecule' and/or 'protein',
'polypeptide', 'oligopeptide' and 'peptide'. As used
herein, 'gene product' includes 'polynucleotide',
'oligonucleotide', 'nucleic acid' and 'nucleic acid
molecule' and/or 'protein', 'polypeptide',
'oligopeptide' and 'peptide', which are expressed by a
gene. Those skilled in the art understands what a gene
product is, according to the context. [161] As used
herein, the term 'homology', in relation to a sequence
(e.g., a nucleic acid sequence, an amino acid
sequence, etc.) refers to the proportion of the
identity between two or more gene sequences.
Therefore, the greater the homology between two given
genes, the greater the identity or similarity between
their sequences. Whether or not two genes have
homology is determined by comparing their sequences
directly or by a hybridization method under stringent
conditions. When two gene sequences are directly
compared with each other, these genes have a homology
if the DNA sequences of the genes have represented at
least 50% identity, preferably at least 70% identity,
more preferably at least 80%, 90%, 95%, 96%, 97%, 98%,
or 99% identity with each other. As used herein, the
term 'similarity' in relation to a sequence (e.g., a
nucleic acid sequence, an amino acid sequence or the
like) refers to the proportion of identity between two
or more sequences when conservative substitution is
regarded as positive (identical) in the
above-described homology. Therefore, homology and
similarity differfrom each other in the presence of
conservative substitutions. If no conservative sub
stitutions are present, homology and similarity have
the same value. Such homologous genes and the like may
be used as the same function in a network, if
applicable, and may be used as different perturbation
agents and the like, if applicable. [162] The terms
'protein', 'polypeptide', 'oligopeptide' and 'peptide'
as used herein, have the same meaning and refer to an
amino acid polymer of any length. This polymer may be
a straight, branched or cyclic chain polymer. An amino
acid may be a naturallyoccurring ,
nonnaturally-occurring amino acid or a variant amino
acid. The term may include those assembled into a
composite of a plurality of polypeptide chains. The
term also includes a naturally-occurring or
artificially modified amino acid polymer. Such
modification includes, for example, disulfide bond
formation, glycosylation, lipidation, acetylation,
phosphorylation or any other manipulation or
modification (e.g., conjugation with a labeling
moiety). This definition encompasses a polypeptide
containing at least one amino acid analog (e.g.,
nonnaturally-occurring amino acid, etc.), a
peptide-like compound (e.g., peptoid), and other
variants known in the art, for example. Gene products,
such as extracellular matrix proteins (e.g.,
fibronectin, etc.) are usually in the form of a
polypeptide. Polypeptides used in the present
invention may be produced by, for example, cultivating
primary culture cells producing the peptides or cell
lines thereof, followed by separation or purification
of the peptides from the culture supernatant.
Alternatively, genetic manipulation techniques are
used to incorporate a gene which encodes a polypeptide
of interest into an appropriate expression vector,
transform an expression host with the vector and
collect re combinant polypeptides from the culture
supernatant of the transformed cells. The
above-described host cell may be any host cells
conventionally used in genetic ma nipulation
techniques, as long as they can express a polypeptide
of interest while maintaining the physiological
activity of the peptide (e.g., E. coli, yeast, an
animal cell, etc.). Polypeptides derived from the thus
-obtained cells may have at least one amino acid
substitution, addition, and/or deletion or at least
one sugar chain substitution, addition, and/or
deletion as long as they have substantially the same
function as that of naturally-occurring polypeptides.
[163] The terms 'polynucleotide', 'oligonucleotide',
'nucleic acid molecule' and 'nucleic acid', as used
herein, have the same meaning and refer to a
nucleotide polymer having any length. These terms also
includes an 'oligonucleotide derivative' or a
'polynucleotide derivative'. An 'oligonucleotide
derivative' or a 'polynucleotide derivative' includes
a nucleotide derivative, or refers to an
oligonucleotide or a 



polynucleotide having different linkages between
nucleotides from typical linkages, which are
interchangeably used. Examples of such an
oligonucleotide specifically include
2'-O-methyl-ribonucleotide, an oligonucleotide
derivative in which a phosphodiester bond in an
oligonucleotide is converted to a phosphorothioate
bond, an oligonucleotide derivative in which a
phosphodiester bond in an oligonucleotide is converted
to a N3'-P5' phosphoroamidate bond, an oligonucleotide
derivative in which a ribose and a phosphodiester bond
in an oligonucleotide are converted to a
peptidenucleic acid bond, an oligonucleotide
derivative in which uracil in an oligonucleotide is
substituted with C-5 propynyl uracil, an
oligonucleotide derivative in which uracil in an
oligonucleotide is substituted with C-5 thiazole
uracil, an oligonucleotide derivative in which
cytosine in an oligonucleotide is substituted with C-5
propynyl cytosine, an oligonucleotide derivative in
which cytosine in an oligonucleotide is substituted
with phenoxazine-modified cytosine, an oligonucleotide
derivative in which ribose in DNA is substituted with
2'-O-propyl ribose, and an oligonucleotide derivative
in which ribose in an oligonucleotide is substituted
with 2'-methoxyethoxy ribose. Unless otherwise
indicated, a particular nucleic acid sequence also
implicitly encompasses conservatively-modified
variants thereof (e.g. degenerate codon substitutions)
and complementary sequences as well as the sequence
explicitly indicated. Specifically, degenerate codon
substitutions may be produced by generating sequences
in which the third position of one or more selected
(or all) codons are substituted with mixed-base and/or
deoxyinosine residues (Batzer et al., Nucleic Acid
Res. 19:5081(1991); Ohtsuka et al., J . Biol. Chem.
260:2605-2608 (1985); Rossolini et al., MoI. Cell.
Probes 8:91-98(1994)). A gene encoding an
extracellular matrix protein (e.g., fibronectin, etc.)
or the like is usually in the form of a
polynucleotide. A molecule to be transfected is in the
form of a polynucleotide. [164] As used herein, the
term 'corresponding', is used for the relationship
between a functional reporter and function, referring
to a state where the signal derived from a functional
reporter of interest reflects the state of a function.
Therefore, one can determine the state of such
function based on the signal of the functional
reporter cor responding to the function. For example,
a gene expressing a fluorescent protein linked under a
transcriptional factor is said to be a functional
reporter corresponding to the transcriptional factor
and the like. [165] As used herein, the term
'corresponding' amino acid or nucleic acid refers to
an amino acid or nucleotide in a given polypeptide or
polynucleotide molecule which has, or is anticipated
to have, a function similar to that of a predetermined
amino acid or nucleotide in a polypeptide or
polynucleotide as a reference for comparison. Par
ticularly, in the case of enzyme molecules, the term
refers to an amino acid which is present at a similar
position in an active site and similarly contributes
to a catalytic activity. For example, in the case of
antisense molecules for a certain polynucleotide, the
term refers to a similar portion in an ortholog
corresponding to a particular portion of the antisense
molecule.[166] As used herein, the term
'corresponding' gene (e.g., a polypeptide or
polynucleotide molecule) refers to a gene in a given
species which has, or is anticipated to have, a
function similar to that of a predetermined gene in a
species as a reference for comparison. When there are
a plurality of genes having such a function, the term
refers to a gene having the same evolutionary origin.
Therefore, a gene corresponding to a given gene may be
an ortholog of the given gene. Therefore, genes
corresponding to mouse cyclin genes can be found in
other animals. Such a corresponding gene can be
identified by techniques well known in the art.
Therefore, for example, a cor responding gene in a
given animal can be found by searching a sequence
database of the animal (e.g., human, rat) using the
sequence of a reference gene (e.g., mouse cyclin gene,
etc.) as a query sequence. [167] As used herein, the
term 'fragment', with respect to a polypeptide or
polynucleotide, refer to a polypeptide or
polynucleotide having a sequence length ranging from 1
to n- 1 with respect to the full length of the
reference polypeptide or polynucleotide (of length n).
This length of the fragment can be appropriately
changed depending on the purpose. For example, in the
case of polypeptides, the lower limits of the length
of the fragment includes 3, 4, 5, 6, 7, 8, 9, 10, 15,
20, 25, 30, 40, 50 or more nucleotides. Lengths
represented by integers, which are not herein
specified (e.g., 11 and the like), may be appropriate
as a lower limit. For example, in the case of
polynucleotides, the lower limits of the length of the
fragment includes 5, 6, 7, 8, 9, 10, 15, 20, 25, 30,
40, 50, 75, 100 or more nucleotides. Lengths
represented by integers, which are not herein
specified (e.g., 11 and the like), may be appropriate
as a lower limit. As used herein, the length of
polypeptides or polynucleotides can be represented by
the number of amino acids or nucleic acids,
respectively. However, the above-described numbers are
not absolute. The above-described numbers as the upper
or lower limits are intended to include some greater
or smaller numbers (e.g.,+10%), as long as the same
function is maintained. For this purpose, 'about' may
be herein put ahead of the numbers. However, it should
be understood that the interpretation of numbers is
not affected by the presence or absence of 'about' in
the present specification. [168] As used herein, the
term 'biological activity' refers to activity
possessed by an agent (e.g., a polynucleotide, a
protein, etc.) within an organism, including
activities exhibiting various functions (e.g.,
transcription promoting activity, etc.). For example,
when a certain factor is an enzyme, the biological
activity thereof includes its enzyme activity. In
another example, when a certain factor is a ligand,
the biological activity thereof includes the binding
of the ligand to a receptor corresponding thereto. The
above-described biological activity can be measured by
techniques well-known in the art. [169] As used
herein, the term 'search' indicates that a given
nucleic acid sequence isutilized to find other nucleic
acid base sequences having a specific function and/or
property either electronically, biologically or by
using other methods. Examples of an electronic search
includes, but is not limited to, BLAST (Altschul et
al., J. MoI. Biol. 215:403-410 (1990)), FASTA (Pearson
& Lipman, Proc. Natl. Acad. ScL, USA 85:2444-2448
(1988)), Smith and Waterman method (Smith and
Waterman, J . MoI. Biol. 147:195-197 (1981)), and
Needleman and Wunsch method (Needleman and Wunsch, J .
MoI. Biol. 48:443-453 (1970)) and the like. Examples
of a biological search includes, but is not limited
to, a macroarray in which genomic DNA is attached to a
nylon membrane or the like, or a microarray
(microassay) in which genomic DNA is attached to a
glass plate under stringent hybridization conditions,
PCR and in situ hybridization and the like. Such a
search may be conducted by using a method or system of
the present invention. [170] As used herein, the term
'probe' refers to a substance for use in searching,
which is used in a biological experiment, such as in
vitro and/or in vivo screening or the like, including
but not being limited to, for example, a nucleic acid
molecule having a specific base sequence or a peptide
containing a specific amino acid sequence. [171]
Examples of a nucleic acid molecule as a common probe
include one having a nucleic acid sequence, having a
length of at least 8 contiguous nucleotides, which is
homologous or complementary to the nucleic acid
sequence of a gene of interest. Such a nucleic acid
sequence may be preferably a nucleic acid sequence
having a length of at least 9 contiguous nucleotides,
more preferably a length of at least 10 contiguous nu
cleotides, and even more preferably a length of at
least 11 contiguous nucleotides, a length of at least
12 contiguous nucleotides, a length of at least 13
contiguous nu cleotides, a length of at least 14
contiguous nucleotides, a length of at least 15
contiguous nucleotides, a length of at least 20
contiguous nucleotides, a length of at least 25
contiguous nucleotides, a length of at least 30
contiguous nucleotides, a length of at least 40
contiguous nucleotides, or a length of at least 50
contiguous nucleotides. A nucleic acid sequence used
as a probe includes a nucleic acid sequence having at
least 70% homology to the above-described sequence,
more preferably at least 80%, and even more preferably
at least 90% or at least 95%. [172] As used herein,
the term 'primer' refers to a substance required to
initiate a reaction of a macromolecule compound that
is synthesized in an enzymatic reaction. In a reaction
for synthesizing nucleic acid molecules, nucleic acid
molecules (e.g., DNA, RNA, or the like) which are
complementary to part of a macromolecule compound to
be synthesized may be used. [173] A nucleic acid
molecule which is ordinarily used as a primer includes
one that has a nucleic acid sequence having a length
of at least 8 contiguous nucleotides, which is
complementary to the nucleic acid sequence of a gene
of interest. Such a nucleic acidsequence preferably
has a length of at least 9 contiguous nucleotides,
more preferably a length of at least 10 contiguous
nucleotides, even more preferably a length of at least
11 contiguous nucleotides, a length of at least 12
contiguous nucleotides, a length of at least 13
contiguous nucleotides, a length of at least 14
contiguous nucleotides, a length of at least 15
contiguous nucleotides, a length of at least 16
contiguous nucleotides, a length of at least 17
contiguous nucleotides, a length of at least 18
contiguous nu cleotides, a length of at least 19
contiguous nucleotides, a length of at least 20
contiguous nucleotides, a length of at least 25
contiguous nucleotides, a length of at least 30
contiguous nucleotides, a length of at least 40
contiguous nucleotides, and a length of at least 50
contiguous nucleotides. A nucleic acid sequence used
as a primer includes a nucleic acid sequence having at
least 70% homology to the above-described sequence,
more preferably at least 80%, even more preferably at
least 90%, and most preferably at least 95%. An
appropriate sequence as a primer may vary depending on
the property of the sequence to be synthesized
(amplified). Those skilled in the art, can design an
appropriate primer depending on the sequence of
interest. Such primer design is well known in the art
and may be performed manually or using a computer
program (e.g., LASERGENE, Primer Select, DNAStar). As
used herein, the term 'epitope' refers to an antigenic
determinant. Therefore, the term 'epitope' includes a
set of amino acid residues which are involved in the
recognition of a particular immunoglobulin, or in the
context of T cells, those residues 



necessary for the recognition by the T cell receptor
proteins and/or Major Histocom patibility Complex
(MHC) receptors. This term is also used
interchangeably with 'antigenic determinant' or
'antigenic determinant site'. In the field of
immunology, in vivo or in vitro, an epitope is a
feature of a molecule (e.g., primary, secondary and
tertiary peptide structure, and charge) that forms a
site recognized by an im munoglobulin, T cell receptor
or HLA molecule. An epitope including a peptide
comprises 3 or more amino acids in a spatial
conformation which is unique to the epitope.
Generally, an epitope consists of at least 5 such
amino acids, and more ordinarily, consists of at least
6, 7, 8, 9 or 10 such amino acids. The greater the
length of an epitope, the more similar the epitope to
the original peptide, i.e., longer epitopes are
generally preferable. This is not necessarily the case
when the conformation is taken into account. Methods
of determining the spatial conformation of amino acids
are known in the art and include, for example, X-ray
crystallography and 2-dimensional nuclear magnetic
resonance spectroscopy. Furthermore, the iden
tification of epitopes in a given protein is readily
accomplished using techniques well known in the art.
See, also, Geysen et al., Proc. Natl. Acad. Sci. USA
(1984) 81: 3998 (general method of rapidly
synthesizing peptides to determine the location of im
munogenic epitopes in a given antigen); U. S. Patent
No. 4,708,871 (procedures foridentifying and
chemically synthesizing epitopes of antigens); and
Geysen et al., Molecular immunology (1986) 23: 709
(technique for identifying peptides with high affinity
for a given antibody). Antibodies which recognize the
same epitope can be identified in a simple
immunoassay. Thus, methods for determining epitopes,
including a peptide are well known in the art. Such an
epitope can be determined by using a wellknown, common
technique by those skilled in the art if the primary
nucleic acid or amino acid sequence of the epitope is
provided. [175] Therefore, an epitope including a
peptide requires a sequence having a length of at
least 3 amino acids, preferably at least 4 amino
acids, more preferably at least 5 amino acids, at
least 6 amino acids, at least 7 amino acids, at least
8 amino acids, at least 9 amino acids, at least 10
amino acids, at least 15 amino acids, at least 20
amino acids, and 25 amino acids. Epitopes may be
linear or conformational. [176] As used herein, the
term 'biological molecule' refers to molecules, or
aggregates of molecules, relating to an organism and
aggregates of organisms. As used herein, the term
'biological' or 'organism' refers to a biological
organism, including but being not limited to, an
animal, a plant, a fungus, a virus and the like.
Biological molecules include molecules extracted from
an organism and aggregations thereof, though the
present invention is not limited to this. Any
molecules or aggregates of molecules relating to an
organism and aggregates of organisms fall within the
definition of a biological molecule. Therefore, low
molecular weight molecules (e.g., low molecular weight
molecule ligands, etc.) capable of being used as
medicaments fall within the definition of a biological
molecule as long as an effect on an organism is
intended. Examples of such a biological molecule
include, but are not limited to, proteins,
polypeptides, oligopeptides, peptides,
polynucleotides, oligonucleotides, nucleotides,
nucleic acids (e.g., DNA such as cDNA and genomic DNA;
RNA such as mRNA), polysaccharides, oligosaccharides,
lipids, low molecular weight molecules (e.g.,
hormones, ligands, information transmitting
substances, low molecular weight organic molecules,
etc.), and composite molecules thereof and
aggregations thereof (e.g., glycolipids,
glycoproteins, lipoproteins, etc.) and the like. A
biological molecule may include a cell itself or a
portion of tissue as long as it is intended to be
introduced into a cell. Typically, a biological
molecule may be a nucleic acid, a protein, a lipid, a
sugar, a proteolipid, a lipoprotein, a glycoprotein, a
proteoglycan or the like. Preferably, a biological
molecule may include a nucleic acid (DNA or RNA) or a
protein. In an embodiment, a biological molecule is a
nucleic acid (e.g., genomic DNA or cDNA, or DNA
synthesized by PCR or the like). In another
embodiment, a biological molecule may be a protein.
Such a biological molecule may be a hormone or a
cytokine. [177] As used herein, the term 'receptor'
refers to a molecule which is present on cells within
nuclei, or the like, is capable of binding to an
extracellular or intracellular agentwhere the binding
mediates signal transduction. Receptors are typically
in the form of proteins. The binding partner of a
receptor is usually referred to as a ligand. [178] As
used herein, the term 'agonist' refers to an agent
which binds to the receptor of a certain biologically
acting substance (e.g., ligand, etc.), and has the
same or similar function as the function of the
substance. [179] As used herein, the term 'antagonist'
refers to a factor which competitively binds to the
receptor of a certain biologically acting substance
(ligand), and does not produce physiological action
via the receptor. Antagonists include antagonist
drugs, blockers, inhibitors and the like. [180] As
used herein, the term 'agent' may be any substance or
other entity (e.g., energy, such as light, radiation,
heat, electricity, or the like) as long as the
intended purpose can be achieved. Examples of such a
substance include but are not limited to, proteins,
polypeptides, oligopeptides, peptides,
polynucleotides, oligonucleotides, nucleotides,
nucleic acids (e.g., DNA such as cDNA , genomic DNA ,
or the like, and RNA such as mRNA), polysaccharides,
oligosaccharides, lipids, low molecular weight organic
molecules (e.g., hormones, ligands, information
transfer substances, molecules synthesized by
combinatorial chemistry, low molecular weight
molecules (e.g., phar maceutically acceptable low
molecular weight ligands and the like) and the like)
and the combinations of these molecules. Examples of
an agent specific to a polynucleotide include, but are
not limited to, representatively, a polynucleotide
having a sequence complementarily to the sequence of
the polynucleotide with a predetermined sequence
homology (e.g., 70% or more sequence identity), a
polypeptide such as a tran scriptional agent binding
to a promoter region and the like. Examples of an
agent specific to a polypeptide include, but are not
limited to, representatively, an antibody specifically
directed to the polypeptide or derivatives or analogs
thereof (e.g., single chain antibody), a specific
ligand or receptor when the polypeptide is a receptor
or ligand, a substrate when the polypeptide is an
enzyme and the like. [181] As used herein, the term
'agent binding specifically to' a certain agent such
as a nucleic acid molecule or polypeptide refers to an
agent which has a level of binding to the nucleic acid
molecule or polypeptide equal to or higher than a
level of binding to other nucleic acid molecules or
polypeptides. Examples of such an agent include, but
are not limited to, when a target is a nucleic acid
molecule, a nucleic acid molecule having a
complementary sequence of a nucleic acid molecule of
interest, a polypeptide capable of binding to a
nucleic acid sequence of interest (e.g., a
transcription agent, etc.) and the like, and when a
target is a polypeptide, an antibody, a single chain
antibody, either of a pair of a receptor and a ligand,
either of a pair of an enzyme and a substrate, and the
like. [182] As used herein, the term 'compound' refers
to any identifiable chemical substance ormolecule,
including but not limited to, a low molecular weight
molecule, a peptide, a protein, a sugar, a nucleotide
or a nucleic acid. Such a compound may be a
naturallyoccurring product or a synthetic product.
[183] As used herein, the term 'low molecular weight
organic molecule' refers to an organic molecule having
a relatively small molecular weight. Usually, the low
molecular weight of an organic molecule refers to a
molecular weight of about 1,000 or less, or
alternatively may refer to a molecular weight of more
than 1,000. Low molecular weight organic molecules can
be ordinarily synthesized by methods known in the art
or combinations thereof. These low molecular weight
organic molecules may be produced by organisms.
Examples of the low molecular weight organic molecules
include, but are not limited to, hormones, ligands,
information transfer substances, synthesized by
combinatorial chemistry, pharmaceutically acceptable
low molecular weight molecules (e.g., low molecular
weight ligands and the like) and the like. [184] As
used herein, the term 'contact' refers to the direct
or indirect placement of a compound, physically close
to the polypeptide or polynucleotide of the present
invention. Polypeptides or polynucleotides may be
present in a number of buffers, salts, solutions and
the like. The term 'contact' includes placement of a
compound in a beaker, a microtiter plate, a cell
culture flask, a microarray (e.g., a gene chip) or the
like which contains a polypeptide encoded by a nucleic
acid or a fragment thereof. [185] As used herein, the
term 'antibody' encompasses polyclonal antibodies,
monoclonal antibodies, human antibodies, humanized
antibodies, polyfunctional antibodies, chimeric
antibodies, anti-idiotype antibodies, fragments
thereof (e.g., F(ab')2 and Fab fragments) and other
recombinant conjugates. These antibodies may be fused
with an enzyme (e.g., alkaline phosphatase,
horseradish peroxidase,a-galactosidase and the like)
via a covalent bond or by recombination. Antibodies
can be used as a perturbation agent in the present
invention. [186] As used herein, the term 'antigen'
refers to any substrate to which an antibody molecule
may specifically bind. As used herein, the term
'immunogen' refers to an antigen capable of initiating
activation of an antigen-specific immune response of a
lymphocyte. Antigens can be used as a perturbation
agent in the present invention. [187] In a given
protein molecule, a given amino acid may be
substituted with another amino acid in a structurally
important region (such as a cationic region or a
substrate molecule binding site) without a clear
reduction or loss of interactive binding ability. A
given biological function of a protein is defined by
the interactive ability or other property of the
protein. Therefore, a particular amino acid
substitution may be performed in an amino acid
sequence, or at the DNA sequence level, to produce a
protein which maintains the original property after
the substitution. Thus, these various modifications of
peptides, as disclosed herein, and DNA encoding such
peptides maybe performed without a clear loss of
biological activity. [188] When the above-described
modifications are designed, the hydrophobicity indices
of amino acids may be taken into consideration. The
hydrophobic amino acid indices play an important role
in providing a protein with an interactive biological
function, which are generally recognized in the art
(Kyte, J . and Doolittle, R.F., J. MoI. Biol. 



157(l):105-132, 1982). The hydrophobic property of an
amino acid contributes to the secondary structure of a
protein and then regulates interactions between the
protein and other molecules (e.g., enzymes,
substrates, receptors, DNA, antibodies, antigens,
etc.). Each amino acid is given a hydrophobicity index
based on the hydrophobicity and charge properties
thereof as follows: isoleucine (+4.5); valine (+4.2);
leucine (+3.8); phenylalanine (+2.8); cysteine/cystine
(+2.5); methionine (+1.9); alanine (+1.8); glycine
(-0.4); threonine (-0.7); serine (-0.8); tryptophan
(-0.9); tyrosine (-1.3); proline (-1.6); histidine
(-3.2); glutamic acid (-3.5); glutamine (-3.5);
aspartic acid (-3.5); asparagine (-3.5); lysine
(-3.9); and arginine (-4.5). [189] It is well known
that if a given amino acid is substituted with another
amino acid having a similar hydrophobicity index, the
protein may still have a biological function similar
to that of the original protein (e.g., a protein
having an equivalent enzymatic activity). For such an
amino acid substitution, the hydrophobicity index is
preferably within+2, more preferably within+1, and
even more preferably within+0.5. It is understood in
the art that such an amino acid substitution based on
hydrophobicity is efficient. As described in US Patent
No. 4,554,101, amino acid residues are given the
following hydrophilicity indices: arginine (+3.0);
lysine (+3.0); aspartic acid (+3.0+1); glutamic acid
(+3.0+1); serine (+0.3); asparagine (+0.2); glutamine
(+0.2); glycine (0); threonine (-0.4); proline
(-0.5+1); alanine (-0.5); histidine (-0.5); cysteine
(-1.0); methionine (-1.3); valine (-1.5); leucine
(-1.8); isoleucine (-1.8); tyrosine (-2.3);
phenylalanine (-2.5); and tryptophan (-3.4). It is
understood that an amino acid may be substituted with
another amino acid which has a similar hydrophilicity
index and can still provide a biological equivalent.
For such an amino acid substitution, the hy
drophilicity index is preferably within+2, more
preferably+1, and even more preferably+0.5. [190]
(Devices and solid phase supports) [191] As used
herein, the term 'device' refers to a part which
constitutes the whole or a portion of an apparatus,
and comprises a support (preferably, a solid phase
support) and a target substance carried thereon.
Examples of such a device include, but are not limited
to, chips, arrays, microtiter plates, cell culture
plates, Petri dishes, films, beads and the like. Such
a device may constitute a system of the present
invention. In particular, such a device may be used
asmeans for obtaining information on at least two
functional reporters in said biological entity,
wherein the functional reportersreflect a biological
function. [192] As used herein, the term 'support'
refers to a material which can fix a substance, such
as a biological molecule. Such a support may be made
from any fixing material which has a capability of
binding to a biological molecule as used herein via
covalent or noncovalent bonds, or which may be induced
to have such a capability. [193] Examples of materials
used for supports include any material capable of
forming a solid surface, such as but without
limitations, glass, silica, silicon, ceramics, silicon
dioxide, plastics, metals (including alloys),
naturally-occurring and synthetic polymers (e.g.,
polystyrene, cellulose, chitosan, dextran, and nylon)
and the like. A support may be formed of layers made
of a plurality of materials. For example, a support
may be made of an inorganic insulating material, such
as glass, quartz glass, alumina, sapphire, forsterite,
silicon oxide, silicon carbide, silicon nitride or the
like. A support may be made of an organic material
such as polyethylene, ethylene, polypropylene,
polyisobutylene, polyethylene terephthalate,
unsaturated polyester, fluorine-containing resin,
polyvinyl chloride, polyvinylidene chloride, polyvinyl
acetate, polyvinyl alcohol, polyvinyl acetal, acrylic
resin, polyacrylonitrile, polystyrene, acetal resin,
poly carbonate, polyamide, phenol resin, urea resin,
epoxy resin, melamine resin, styreneacrylonitrile
copolymer, acrylonitrile-butadiene-styrene copolymer,
silicone resin, polyphenylene oxide, polysulfone and
the like. Also in the present invention, nitro
cellulose film, nylon film, PVDF film or the like,
which are used in blotting, may be used as a material
for a support. When a material constituting a support
is in the solid phase, such as a support is herein
particularly referred to as a 'solid phase support'. A
solid phase support may be herein in the form of a
plate, a microwell plate, a chip, a glass slide, a
film, beads, a metal (surface) or the like. A support
may not be coated or may be coated. [194] As used
herein, the term 'liquid phase' has the same meaning
as commonly understood by those skilled in the art,
typically referring to a state in solution. [195] As
used herein, the term 'solid phase' has the same
meaning as commonly understood by those skilled in the
art, typically referring to a solid state. As used
herein, liquid and solid may be collectively referred
to as a 'fluid'. [196] As used herein, the term
'substrate' refers to a material (preferably, solid)
which is used to construct a chip or an array,
according to the present invention. Therefore,
substrates are included in the concept of plates. Such
a substrate may be made from any solid material which
has a capability of binding to a biological molecule
as used herein via covalent or noncovalent bonds. The
substrate may also be induced to have such a
capabilities. [197] Examples of materials used for
plates and substrates include any material capable of
forming a solid surface, such as and without
limitation, glass, silica, silicon, ceramics,silicon
dioxide, plastics, metals (including alloys),
naturally-occurring and synthetic polymers (e.g.,
polystyrene, cellulose, chitosan, dextran, and nylon)
and the like. A support may be formed of layers made
of a plurality of materials. For example, a support
may be made of an inorganic insulating material, such
as glass, quartz glass, alumina, sapphire, forsterite,
silicon oxide, silicon carbide, silicon nitride or the
like. A support may be made of an organic material,
such as polyethylene, ethylene, polypropylene,
polyisobutylene, polyethylene terephthalate,
unsaturated polyester, fluorine-containing resin,
polyvinyl chloride, polyvinylidene chloride, polyvinyl
acetate, polyvinyl alcohol, polyvinyl acetal, acrylic
resin, polyacrylonitrile, polystyrene, acetal resin,
polycarbonate, polyamide, phenol resin, urea resin,
epoxy resin, melamine resin, styrene-acrylonitrile
copolymer, acrylonitrile-butadiene-styrene copolymer,
silicone resin, polyphenylene oxide, polysulfone and
the like. A material preferable as a substrate varies
depending on various parameters, such as a measuring
device, and can be selected from the above-described
various materials as appropriate by those skilled in
the art. For transfection arrays, glass slides are
preferable. Preferably, such a substrate may have a
coating. [198] As used herein, the term 'coating' in
relation to a solid phase support or substrate, refers
to an act of forming a film of a material on a surface
of the solid phase support or substrate, and also
refers to a film itself. Coating is performed for
various purposes, such as, an improvement in the
quality of a solid phase support and substrate (e.g.,
elongation of life span, improvement in resistance to
hostile environment, such as resistance to acids,
etc.), an improvement in affinity to a substance
integrated with a solid phase support or substrate and
the like. Various materials may be used for such
coating, including, without limitation, biological
substances (e.g., DNA, RNA, protein, lipid, etc.),
polymers (e.g., poly-L-lysine, MAS (available from
Matsunami Glass,Kishiwada,Japan), and hydrophobic
fluorine resin), silane (APS (e.g.,g-aminopropyl
silane, etc.)), metals (e.g., gold, etc.), in addition
to the abovedescribed solid phase support and
substrate. The selection of such materials are within
the technical scope of those skilled in the art and
thus can be performed using techniques well known in
the art. In one preferred embodiment, such a coating
may be advantageously made of poly-L-lysine, silane
(e.g., epoxy silane or mercaptosilane, APS
(g-aminopropyl silane), etc.), MAS, hydrophobic
fluorine resin and a metal (e.g., gold, etc.). Such a
material may be preferably a substance suitable for
cells or objects containing cells (e.g., organisms,
organs, etc.). [199] As used herein, the terms 'chip'
or 'microchip' are used interchangeably to refer to a
micro integrated circuit which has versatile functions
and constitutes a portion of a system. Examples of a
chip include, but are not limited to, DNA chips,
protein chips and the like.[200] As used herein, the
term 'array' refers to a substrate (e.g., a chip,
etc.) which has a pattern of a composition containing
at least one (e.g., 1000 or more, etc.) target
substance (e.g., DNA, proteins, transfection mixtures,
etc.) which is arrayed. Among arrays, patterned
substrates, having a small size, (e.g., lO'lO mm,
etc.) are particularly referred to as microarrays. The
terms 'microarray' and 'array' are used
interchangeably. Therefore, a patterned substrate
having a larger size than what is described above, may
be referred to as a microarray. For example, an array
comprises a set of desired transfection mixtures fixed
to a solid phase surface or a film thereof. An array
preferably comprises at least 10 antibodies of the
same or different types, more preferably at least 10 ,
even more preferably at least 10 , and still even more
preferably at least 10 . These antibodies are placed
on a surface of up to 125 80 mm, more preferably 10 10
mm. An array includes, but is not limited to, a
96-well microtiter plate, a 384-well microtiter plate,
a microtiter plate the size of a glass slide and the
like. A composition to be fixed may contain one or a
plurality of types of target substances. Such a number
of target substance types may range from one to a
number of spots, including and without limitation,
about 10, about 100, about 500 and about 1,000. [201]
As used herein, the term 'transfection array' refers
to an array which embodies transfection on each of the
spots or addresses on the array. Such transfection may
be conducted using the technology described herein and
exemplified in the Examples. [202] As described above,
any number of target substances (e.g., proteins, such
as antibodies) may be provided on a solid phase
surface or film, typically including no more than 10
biological molecules per substrate, in another
embodiment no more than 10 biological molecules, no
more than 10 biological molecules, no more than 10
biological molecules, no more than 10 biological
molecules, no more than 10 biological molecules or no
more than 10 biological molecules. A composition
containing more than 10 biological molecule target
substances may be provided on a 



substrate. In these cases, the size of a substrate is
preferably small. Particularly, the size of a spot of
a composition containing target substances (e.g.,
proteins such as antibodies) may be as small as the
size of a single biological molecule (e.g., 1 to 2 nm
order). In some cases, the minimum area of a substrate
may be determined based on the number of biological
molecules on a substrate. A composition containing
target substances, which are intended to be introduced
into cells, are herein typically arrayed on and fixed
via covalent bonds or physical interaction to a
substrate in the form of spots having a size of 0.01
mm to 10 mm. [203] 'Spots' of biological molecules may
be provided on an array. As used herein, the term
'spot' refers to a certain set of compositions
containing target substances. As used herein, the term
'spotting' refers to an act of preparing a spot of a
compositioncontaining a certain target substance on a
substrate or plate. Spotting may be performed by any
method, for example, pipetting or the like, or
alternatively by using an automatic device. These
methods are well known in the art. [204] As used
herein, the term 'address' refers to a unique position
on a substrate, which may be distinguished from other
unique positions. Addresses are appropriately
associated with spots. Addresses can have any
distinguishable shape, such that substances at each
address may be distinguished from substances at other
addresses (e.g., optically). A shape defining an
address may be, for example and without limitation, a
circle, an ellipse, a square, a rectangle, or an
irregular shape. Therefore, the term 'address' is used
to indicate an abstract concept, while the term 'spot'
is used to indicate a specific concept. Unless it is
necessary to distinguish them from each other, the
terms 'address' and 'spot' may be herein used
interchangeably. [205] The size of each address
particularly depends on the size of the substrate, the
number of addresses on the substrate, the amount of a
composition containing target substances and/or
available reagents, the size of microparticles and the
level of resolution required for any method used for
the array. The size of each address may be, for
example, in the range of from 1-2 nm to several
centimeters, though the address may have any size
suited to an array. [206] The spatial arrangements and
shapes which define an address are designed so that
the microarray is suited to a particular application.
Addresses may be densely arranged or sparsely
distributed, or subgrouped into a desired pattern
appropriate for a particular type of material to be
analyzed. [207] Microarrays are widely reviewed in,
for example, 'Genomu Kino Kenkyu Purotokoru [Genomic
Function Research Protocol] (Jikken Igaku Bessatsu
[Special Issue of Ex perimental Medicine], Posuto
Genomu Jidai no Jikken Koza 1 [Lecture 1 on Experi
mentation in Post-genome Era], 'Genomu Ikagaku to
korekarano Genomu Iryo [Genome Medical Science and
Future Genome Therapy] (Jikken Igaku Zokan [Special
Issue of Experimental Medicine]) and the like. [208] A
vast amount of data can be obtained from a microarray.
Therefore, data analysis software is important for the
administration of the correspondence between clones
and spots, data analysis and the like. Such software
may be attached to various detection systems (e.g.,
Ermolaeva O. et al., (1998) Nat. Genet, 20: 19-23).
The format of database includes, for example, GATC
(genetic analysis technology consortium) proposed by
Affymetrix. [209] Micromachining for arrays is
described in, for example, Campbell, S.A. (1996), 'The
Science and Engineering of Microelectronic
Fabrication', Oxford University Press; Zaut, P.V.
(1996), 'Microarray Fabrication: a Practical Guide to
Semiconductor Processing', Semiconductor Services;
Madou, MJ. (1997), 'Fundamentals of Microfabrication',
CRCl 5 Press; Rai-Choudhury, P. (1997), 'Handbook of
Microlithography, Micromachining, & Microfabrication:
Microlithography'; and the like, portions related
thereto of which are herein incorporated by reference.
[210] (Detection) [211] In cell analysis or
determination in the present invention, various
detection methods and means can be used as long as
they can be used to detect information attributed to a
cell or a substance interacting therewith. Examples of
such detection methods and means include, but are not
limited to, visual inspection, optical microscopes,
confocal microscopes, reading devices using a laser
light source, surface plasmon resonance (SPR) imaging,
electric signals, chemical or biochemical markers,
these may be used singly or in combination. Examples
of such a detecting device include, but are not
limited to, fluorescence analyzing devices,
spectrophotometers, scintillation counters, CCD,
luminometers and the like. Any means capable of
detecting a biological molecule may be used. [212] As
used herein, the term 'marker' or 'biomarker' are
interchangeable and used to refer to a biological
agent for indicating a level or frequency of a
substance or state of interest. Examples of such
markers include, but are not limited to, nucleic acids
encoding a gene, gene products, metabolic products,
receptors, ligands, antibodies and the like. [213]
Therefore, as used herein, the term 'marker' in
relation to a state of a cell refers to an agent
(e.g., ligands, antibodies, complementary nucleic
acids, etc.) interacting with in tracellular factors
which indicates the state of the cell (e.g., nucleic
acids encoding a gene, gene products (e.g., mRNA,
proteins, posttranscriptionally modified proteins,
etc.), metabolic products, receptors, etc.) and, in
addition, to the transcription control factors. In the
present invention, such markers may be used to produce
information which is in turn analyzed. Such markers
may preferably interact with a factor of interest. As
used herein, the term 'specificity' in relation to a
marker refers to a property of the marker which
interacts with a molecule of interest to a
significantly higher extent than it does with other
similar molecules. Such markers are herein, preferably
present within cells or may be present outside cells.
[214] As used herein, the term 'label' refers to a
factor which distinguishes a molecule, or a substance
of interest, from others (e.g., substances, energy,
electromagnetic waves, etc.). Examples of labeling
methods include, but are not limited to, RI
(radioisotope) methods, fluorescence methods,
biotinylation methods, chemoluminance methods and the
like. When the above-described nucleic acid fragments
and complementary oligonucleotides are labeled by
fluorescence methods, the fluorescent substances,
having different fluorescence emission maximum
wavelengths, are used for labeling. The difference
between each fluorescence emission at maximum
wavelength may bepreferably 10 nm or more. Any
fluorescent substance which can bind to a base portion
of a nucleic acid may be used, preferably including a
cyanine dye (e.g., Cy3 and Cy5 in the Cy Dye series,
etc.), a rhodamine 6G reagent, N-acetoxy-N2-acetyl
amino fluorene (AAF), AAIF (iodine derivative of AAF)
and the like. For example, fluorescent substances
having a difference in fluorescence emission at
maximum wavelength of 10 nm or more include a
combination of Cy5 and a rhodamine 6G reagent, a
combination of Cy3 and fluorescein, a combination of a
rhodamine 6G reagent and fluorescein and the like. In
the present invention, such labels can be used to
alter a sample of interest so that the sample can be
detected by detecting means. These alterations are
known in the art. Thus, those skilled in the art can
perform such alteration using a method appropriate for
a label and a sample of interest. [215] As used
herein, the term 'interaction' refers to and without
limitation, hydrophobic in teractions, hydrophilic
interactions, hydrogen bonds, Van der Waals forces,
ionic in teractions, nonionic interactions,
electrostatic interactions and the like. [216] As used
herein, the term 'interaction level' in relation to
the interaction between two substances (e.g., cells,
etc.) refers to the extent or frequency of interaction
between the two substances. Such an interaction level
can be measured by methods well known in the art. For
example, the number of cells which are fixed and
actually perform an in teraction is counted directly
or indirectly (e.g., the intensity of reflected light)
for example, without limitation, by using an optical
microscope, a fluorescence microscope, a
phase-contrast microscope, or the like, or
alternatively by staining cells with a marker, an
antibody, a fluorescent label or the like, specific
thereto and measuring the intensity thereof. Such a
level can be displayed directly from a marker or
indirectly via a label. Based on the measured value of
such a level, the number or frequency of genes, which
are actually transcribed or expressed in a certain
spot, can be calculated. [217] (Presentation and
display) [218] As used herein, the terms 'display' and
'presentation' are used interchangeably to refer to an
act of providing information obtained by a method of
the present invention or in formation derived there
from, directly or indirectly, or in an
information-processed form. Examples of such displayed
forms include, but are not limited to various methods,
such as graphs, photographs, tables, animations, and
the like. Such techniques are described in, for
example, METHODS IN CELL BIOLOGY, VOL. 56, ed. 1998,
pp:185-215, A High-Resolution Multimode Digital
Microscope System (Sluder & Wolf, Salmon), which
discusses application software for automating a
microscope and controlling a camera and the design of
a hardware device comprising an automated optical
microscope, a camera, and a Z-axis focusing device,
which can be used herein. Image acquisition by a
camera is described in detail in, for example,Inoue
and Spring, Video Miroscopy, 2d. Edition, 1997, which
is herein incorporated by reference. Real time display
can also be performed using techniques well known in
the art. For example, after all images are obtained
and stored in a semi-permanent memory, or
substantially at the same time as when an image is
obtained, the image can be processed with appropriate
application software to obtain processed data. For
example, data may be processed by a method for playing
back a sequence of images without interruption, a
method for displaying images in real time, or a method
for displaying images as a 'movie' showing irradiating
light as changes or continuation on a focal plane.
[219] In another embodiment, application software for
measurement and a presentation typically includes
software for setting conditions for applying a stimuli
or conditions for recording detected signals. With
such a measurement and presentation application, 



a computer can have a means for applying a stimulus to
cells and a means for processing signals detected from
cells, and in addition, can control an optical
observing means (a SIT camera and an image filing
device) and/or a cell culturing means. [220] By
inputting conditions for stimulation on a parameter
setting screen using a keyboard, a touch panel, a
mouse or the like, it is possible to set desired and
complicated conditions for stimulation. In addition,
various conditions, such as a temperature for cell
culture, pH and the like, can be set using a keyboard,
a mouse or the like. A display screen displays
information on a network detected from a cell or in
formation derived there from in real time or after
recording. In addition, other recorded information or
information derived there from of a cell can be
displayed while being superimposed with a microscopic
image of the cell. In addition to recorded in
formation, measurement parameters in recording
(stimulation conditions, recording conditions, display
conditions, process conditions, various conditions for
cells, temperature, pH, etc.) can be displayed in real
time. The present invention may be equipped with a
function of issuing an alarm when a temperature or pH
departs from the tolerable range. [221] On a data
analysis screen, in addition to the set theory as used
in the present invention, it is possible to set
conditions for various mathematical analyses, such as
Fourier transformation, cluster analysis, FFT
analysis, coherence analysis, correlation analysis and
the like. The present invention may be equipped with a
function of temporarily displaying information on a
network, a function of displaying topography or the
like. The results of these analyses can be displayed
while being superimposed with the microscopic images
stored in a recording medium. [222] (Gene
introduction) [223] Any technique may be used herein
for introduction of a nucleic acid molecule into
cells, including, for example, transformation,
transduction, transfection and the like. Inthe present
invention transfection is preferable. [224] As used
herein, the term 'transfection' refers to an act of
performing gene in troduction or transfection by
culturing cells with gene DNA, plasmid DNA, viral DNA,
viral RNA or the like in a substantially naked form
(excluding viral particles), or adding such a genetic
material into cell suspension to allow the cells to
take in the genetic material. A gene introduced by
transfection is typically expressed within cells in a
temporary manner or may be incorporated into the cells
in a permanent manner. [225] Such a nucleic acid
molecule introduction technique is well known in the
art and commonly used, and is described in, for
example, Ausubel F.A. et al., editors, (1988), Current
Protocols in Molecular Biology, Wiley, New York, NY;
Sambrook J . et al. (1987) Molecular Cloning: A
Laboratory Manual, 2nd Ed. and its 3rd Ed., Cold
Spring Harbor Laboratory Press, Cold Spring Harbor,
NY; Special issue, Jikken Igaku [Experimental
Medicine] 'Experimental Methods for Gene introduction
& Expression Analysis', Yodo-sha, 1997; and the like.
Gene introduction can be confirmed by methods as
described herein, such as Northern blotting analysis
and Western blotting analysis, or other well-known,
common techniques. [226] When a gene is mentioned
herein, the term 'vector' or 'recombinant vector'
refers to a vector transferring a polynucleotide
sequence of interest to a target cell. Such a vector
is capable of self-replication or incorporation into a
chromosome in a host cell (e.g., a prokaryotic cell,
yeast, an animal cell, a plant cell, an insect cell,
an individual animal, and an individual plant, etc.),
and contains a promoter at a site suitable for
transcription of a polynucleotide of the present
invention. A vector suitable to perform cloning is
referred to as a 'cloning vector'. Such a cloning
vector ordinarily contains a multiple cloning site
containing a plurality of restriction sites.
Restriction enzyme sites and multiple cloning sites,
as described above, are well known in the art and can
be used as appropriate by those skilled in the art
depending on the purpose in accordance with
publications described herein (e.g., Sambrook et al.,
supra). [227] As used herein, the term 'expression
vector' refers to a nucleic acid sequence comprising a
structural gene and a promoter for regulating the
expression thereof, and in addition, various
regulatory elements in a state that allows them to
operate within a host cells. The regulatory element
may include, preferably, terminators, selectable
markers such as drug-resistance genes and enhancers.
[228] Examples of 'recombinant vectors' for
prokaryotic cells include, but are not limited to,
pcDNA3(+), pBluescript-SK(+/-), pGEM-T, pEF-BOS, pEGFP
, pHAT, pUC18, pFT-DEST(tm)42GATEWAY (Invitrogen) and
the like. [229] Examples of 'recombinant vectors' for
animal cells include, but are not limited to,
pcDNAFAmp, pcDNAI, pCDM8 (all commercially available
from Funakoshi), pAGE107 [Japanese Laid-Open
Publication No. 3-229 (Invitrogen), pAGE103
[J.Biochem., 101, 1307(1987)], pAMo, pAMoA [J. Biol.
Chem., 268, 22782-22787(1993)], a retrovirus
expression vector based on a murine stem cell virus
(MSCV), pEF-BOS, pEGFP and the like. [230] Examples of
a recombinant vectors for plant cells include, but are
not limited to, pPCVICEn4HPT, pCGN1548, pCGN1549,
pBI221, pBI121 and the like. [231] Any of the
above-described methods for introducing DNA into cells
can be used as a vector introduction method,
including, for example, transfection, transduction,
trans formation, and the like (e.g., a calcium
phosphate method, a liposome method, a DEAE dextran
method, an electroporation method, a particle gun
(gene gun) method and the like), a lipofection method,
a spheroplast method (Proc. Natl. Acad. Sci. USA, 84,
1929(1978)), a lithium acetate method (J. Bacteriol.,
153, 163(1983); and Proc. Natl. Acad. Sci. USA, 75,
1929(1978)) and the like. [232] As used herein, the
term 'gene introduction reagent' refers to a reagent
which is used in a gene introduction method so as to
enhance the introduction efficiency. Examples of such
a gene introduction reagent include, but are not
limited to, cationic polymers, cationic lipids,
polyamine-based reagents, polyimine-based reagents,
calcium phosphate and the like. Specific examples of a
reagent used in transfection include reagents
available from various sources, such as and without
limitation, Effectene Transfection Reagent (cat. no.
301425, Qiagen, CA), TransFast Transfection Reagent
(E2431, Promega, WI), Tfx(tm)-20 Reagent (E2391,
Promega, WI), SuperFect Transfection Reagent (301305,
Qiagen, CA), PolyFect Transfection Reagent (301105,
Qiagen, CA), LipofectAMINE 2000 Reagent (11668-019,
Invitrogen corporation, CA), JetPEI ('4) cone.
(101-30, Polyplus-transfection, France) and ExGen 500
(R0511, Fermentas Inc., MD) and the like. [233] Gene
expression (e.g., mRNA expression, polypeptide
expression) may be 'detected' or 'quantified' by an
appropriate method, including mRNA measurement and im
munological measurement methods. Examples of molecular
biological measurement methods include Northern
blotting methods, dot blotting methods, PCR methods
and the like. Examples of immunological measurement
methods include ELISA methods, RIA methods,
fluorescent antibody methods, Western blotting
methods, immunohistological staining methods, and the
like, where a microtiter plate may be used. Examples
of quantification methods include ELISA methods, RIA
methods and the like. A gene analysis method using an
array (e.g., a DNA array, a protein array, etc.) may
be used. The DNA array is widely reviewed in
Saibo-Kogaku [Cell Engineering], special issue, 'DNA
Microarray and Up-to-date PCR Method', edited by
Shujun-sha. The protein array is described in detail
in Nat Genet. 2002 Dec; 32 Suppl:526-32. Examples of
the methods for analyzing gene expression include, but
are not limited to, RT-PCR methods, RACE methods, SSCP
methods, immunoprecipitation methods,two-hybrid
systems, in vitro translation methods, and the like in
addition to the abovedescribed techniques. Other
analysis methods are described in, for example,
'Genome Analysis Experimental Method, Yusuke
Nakamura's Lab-Manual, edited by Yusuke Nakamura,
Yodo-sha (2002), and the like. All of the
above-described publications are herein incorporated
by reference. [234] As used herein, the term
'expression level' refers to the amount of a
polypeptide or mRNA expressed in a subject cell. The
term 'expression level' includes the level of a
protein expression of a polypeptide evaluated by any
appropriate method using an antibody, including an
immunological measurement methods (e.g., an ELISA
method, an RIA method, a fluorescent antibody method,
a Western blotting method, an immunohistological
staining method and the like, or the mRNA level of
expression of a polypeptide evaluated by any
appropriate method, including molecular biological
measurement methods (e.g., a Northern blotting method,
a dot blotting method, a PCR method, and the like).
The term 'change in expression level' indicates that
an increase or decrease in the protein or mRNA level
of expression of a polypeptide evaluated by an
appropriate method including the above-described
immunological measurement method or a molecular
biological measurement method. [235] (RNAi) [236] As
used herein, the term 'RNAi' is an abbreviation of RNA
interference and refers to a phenomenon where an agent
for causing RNAi, such as double-stranded RNA (also
called dsRNA), is introduced into cells and mRNA
homologous thereto is specifically degraded, so that
synthesis of gene products are suppressed, and a
technique using the phenomenon. As used herein, RNAi
may have the same meaning as that of an agent which
causes RNAi. [237] As used herein, the term 'an agent
causing RNAi' refers to any agent capable of causing
RNAi. As used herein, 'an agent causing RNAi of a
gene' indicates that the agent causes RNAi relating to
the gene and the effect of RNAi is achieved (e.g.,
suppression of expression of the gene, and the like).
Examples of such an agent causing RNAi include, but
are not limited to, a sequence having at least about
70% homology to the nucleic acid sequence of a target
gene or a sequence hybridizable under a stringent
conditions, RNA containing a double-stranded portion
having a length of at least 10 nucleotides or variants
thereof. Here, this agent may be preferably DNA
containing a 3' protruding end, and more preferably
the 3' protruding end has a length of 2 or more
nucleotides (e.g., 2-4 nucleotides in length). 



[238] Though not wishing to be bound by any theory, a
mechanism which causes RNAi is considered to be as
follows. When a molecule which causes RNAi, such as
dsRNA, is introduced into a cell, an RNaselll-like
nuclease having a helicase domain (called dicer)
cleaves the molecule on about a 20 base pair basis
from the 3' terminus in thepresence of ATP in the case
where the RNA is relatively long (e.g., 40 or more
base pairs). As used herein, the term 'siRNA' is an
abbreviation of short interfering RNA and refers to
short double-stranded RNA of 10 or more base pairs
which are artificially chemically synthesized or
biochemically synthesized, synthesized in the organism
body, or produced by double- stranded RNA of about 40
or more base pairs being degraded within the organism.
siRNA typically has a structure having 5'-phosphate
and 3'-OH, where the 3' terminus projects by about 2
bases. A specific protein is bound to siRNA to form
RISC (RNA-induced-silencing-complex). This complex
recognizes and binds to the mRNA having the same
sequence as of a siRNA and cleaves the mRNA at the
middle of a siRNA due to the RNaselll-like enzymatic
activity. It is preferable that the relationship
between the sequence of siRNA and the sequence of the
mRNA to be cleaved as a target is a 100% match.
However, base mutations at a site away from the middle
of the siRNA do not completely remove the cleavage
activity by the RNAi, leaving partial activity, while
base mutations in the middle of the siRNA have a large
influence, and the mRNA cleavage activity by the RNAi
is considerably lowered. By utilizing such a nature,
only the mRNA having a mutation can be specifically
degraded. Specifically, siRNA in which the mutation is
provided in the middle thereof is synthesized and is
introduced into a cell. Therefore, in the present
invention, siRNA per se as well as an agent capable of
producing siRNA (e.g., representatively dsRNA of about
40 or more base pairs) can be used as an agent capable
of eliciting the RNAi. [239] Also, though not wishing
to be bound by any theory, apart from the
above-described pathway, the antisense strand of the
siRNA binds to the mRNA such that the siRNA functions
as a primer for an RNA-dependent RNA polymerase
(RdRP), so that dsRNA is synthesized. This dsRNA is a
substrate for a dicer, leading to production of new
siRNA. It is intended that such an action is
amplified. Therefore, in the present invention, siRNA
per se and an agent capable of producing siRNA are
useful. In fact, in insects and the like, for example,
35 dsRNA molecules can completely degrade 1,000 or
more copies of intracellular mRNA, and therefore, it
would be understood that siRNA per se as well as an
agent capable of producing siRNA are useful. [240] In
the present invention, double-stranded RNA having a
length of about 20 bases (e.g., representatively about
2 1 to 23 bases) or less than about 20 bases, which is
called siRNA, can be used. Expression of the siRNA in
cells can suppress expression of a pathogenic gene
targeted by the siRNA. Therefore, siRNA can be used
for treatment, prophylaxis, prognosis, and the like of
diseases. [241] The siRNA of the present invention may
be in any form as long as it can elicit RNAi. [242] In
another embodiment, an agent capable of causing RNAi
may have a short hairpin structure having a sticky
portion at the 3' terminus (shRNA; short hairpin RNA).
As used herein, the term 'shRNA' refers to a molecule
of about 20 or more base pairs inwhich a
single-stranded RNA partially contains a palindromic
base sequence and forms a double-strand structure
therein (i.e., a hairpin structure). shRNA can be ar
tificially chemically synthesized. Alternatively,
shRNA can be produced by linking sense and antisense
strands of a DNA sequence in reverse directions and
synthesizing RNA in vitro with T7 RNA polymerase using
the DNA as a template. Though not wishing to be bound
by any theory, it should be understood that after the
shRNA is introduced into a cell, the shRNA is degraded
in the cell into a length of about 20 bases (e.g.,
representatively 21, 22, 23 bases) and causes RNAi in
the same manner as the siRNA, leading to the treatment
effect of the present invention. It should be
understood that such an effect is exhibited in a wide
range of organisms, such as insects, plants, animals
(including mammals) and the like. Thus, shRNA elicits
RNAi in the same manner as the siRNA and therefore can
be used as an effective component of the present
invention. shRNA may preferably have a 3' protruding
end. The length of the double-stranded portion is not
particularly limited, but is preferably about 10 or
more nucleotides, and more preferably about 20 or more
nucleotides. Here, the 3' protruding end may be
preferably DNA, more preferably DNA of at least 2
nucleotides in length, and even more preferably DNA of
2-4 nucleotides in length. [243] An agent capable of
causing RNAi used in the present invention may be
artificially synthesized (chemically or biochemically)
or naturally occurring. There is substantially no
difference there between in terms of the effect of the
present invention. A chemically synthesized agent is
preferably purified by liquid chromatography or the
like. [244] An agent capable of causing RNAi used in
the present invention can be produced in vitro. In
this synthesis system, T7 RNA polymerase and T7
promoter are used to synthesize antisense and sense
RNAs from template DNA. These RNAs are annealed and
thereafter are introduced into a cell. In this case,
RNAi is caused via the abovedescribed mechanism,
thereby achieving the effect of the present invention.
Here, for example, the introduction of an RNA into
cell can be carried out by a calcium phosphate method.
[245] Another example of an agent capable of causing
RNAi according to the present invention is a
single-stranded nucleic acid hybridizable to an mRNA
or all nucleic acid analogs thereof. Such agents are
useful for the method and composition of the present
invention. [246] (Calculation of components) [247] As
used herein the term 'component' refers to any
component necessary for phenotypic alteration of a
living organism or a biological entity. As such, the
component may be any biological agent. Therefore, a
plurality of the components constitute a pathway. For
example, it should be understood that such biological
agentsmay include a nucleic acid, a protein, a gene in
a broad sense (including miRNA and the like) and the
like. In one embodiment, as the component, one derived
from functional assay data using phenotype of a cell,
tissue or an individual as an indicator. Components
may be selected as a target calculated from a target
collection of stimulants based on the functional assay
data. Components may be a protein, or nucleic acid or
both affecting the phenotype of interest, and
preferably components may be selected by a functional
assay from a limited number of candidate genes which
may include the miRNA. Such a component may or may not
be one known to be re sponsible for the phenotypic
alteration. This is because the constitutive genes may
also be the components. [248] As used herein, the term
'component of interest' refers to a component for
which an analysis is conducted. [249] As used herein,
the term 'reference component' refers to any component
which an analysis makes reference to as a comparison.
A component which is already known to take a certain
value may be used. Alternatively, it should be noted
that a component which takes a normal value, or the
value thereof is unchanged may be used as the
reference component. [250] As used herein, the term
'upstream (component)' refers to a component which
corresponds to the Preceding of a component of a
pathway in which a plurality of the components have a
precedent and succedent relationship. [251] As used
herein, the term 'downstream (component)' refers to a
component which corresponds to the succeeding
component of a pathway in which a plurality of the
components have a precedent and succedent
relationship. [252] It should be understood that those
skilled in the art canspecify a pathway of interest
related to the phenotypic alteration and a reference
pathway different from the pathway of interest, and
specify a stimulant of interest and a reference
stimulant which re spectively stimulate the pathway of
interest and the reference pathway by using any
techniques of those known in the art or exemplified
herein. For example, one can specify a stimulant which
stimulates a pathway of interest by using a wet
experimental technology. Alternatively, one can
specify the stimulant by using in silico methods or a
software employing a known database. [253] A
collection of components of interest may be specified
by giving a stimulant of interest to a living organism
and observing and identifying the desired phenotypic
alteration. In this manner, it is understood that any
biological assay may be used to achieve this purpose.
[254] Similarly, a collection of reference components
may be specified by giving a reference stimulant to a
living organism and observing and identifying the
desired phenotypic alteration. In this manner, it is
similarly understood that any biologicalassay may be
used to achieve this purpose. [255] Intersection of
the collection of components of interest and the
collection of reference components may be calculated
by using a set theory. [256] Differential collection
between the collection of components of interest and
the collection of reference components may be
calculated by using a set theory. Furthermore, it is
possible to determine if a component which belongs to
the dif ferential collection is determined to be
present upstream or downstream of the in tersection.
Such a determination is described in WO 2006/046217 in
detail, which is incorporated herein as a reference
for its entirety. [257] (Set theory) [258] As
mentioned above, the term 'set theory' refers to a
theory as used and understood in the art and the
branch of pure mathematics, that deals with the nature
and the rela tionships of sets. Many mathematicians
use set theory as the basis for all other mathematics.
Such set theory includes the analysis of objects
('elements or 'members') into sets (aggregates or
collections) and classifying these sets into
inclusion, in dependent and intersection and the like.
Set theory is well known in the art and one skilled in
the art can refer to Cantor, G., 1932,Gesammelte
Abhandlungen,Berlin: Springer- Verlag; Ulam, S., 1930,
'Zur Masstheorie in der allgemeinen Mengenlehre',
Fund. Math., 16, 140-150; Gddel, K., 1940, 'The
consistency of the axiom of choice 



and the generalized continuum hypothesis', Ann. Math.
Studies, 3; Scott, D., 1961, 'Measurable cardinals and
constructible sets', Bull. Acad. Pol. ScL, 9, 521-524;
Cohen, P., 1966, Set theory and the continuum
hypothesis,New York: Benjamin; Jensen, R., 1972, 'The
fine structure of the constructible hierarchy', Ann.
Math. Logic, 4, 229-308; Martin, D. and Steel, J.,
1989, 'A proof of projective determinacy', J. Amer.
Math. Soc, 2, 71-125; Hrbacek, K. and Jech, T., 1999,
Introduction to Set Theory, New York: Marcel Dekker,
Inc,
http://plato.stanford.edu/entries/set-theory/primer.ht
ml and the like, which is incorporated herein as a
reference for its entirety. [259] The language of set
theory is based on a single fundamental relation,
called membership. As used herein, one may say that A
is a member of B (in symbols AeB), or that the set B
contains A as its element. The understanding is that a
set is determined by its elements. In other words, two
sets are deemed equal if they have exactly the same
elements. In practice, one considers sets of numbers,
sets of points, sets of functions, sets of other sets
and so on. In theory, it is not necessary to
distinguish between objects. One only need to consider
the sets. [260] Using the membership relation, one can
derive other concepts usually associated with sets,
such as unions and intersections of sets. For example,
a set C is the union of two sets A and B if its
members are exactly those objects that are either
members of A or members of B. The set C is uniquely
determined, because it has been specified what
itselements are. There are more complicated operations
on sets that can be defined in the language of set
theory (i.e. using only the relatione), however these
shall not be described here. Suppose another operation
is mentioned: the (unordered) pair {A, B } has as its
elements exactly the sets A and B. If it happens that
A=B, then the 'pair' has exactly one member, and is
called a singleton {A}. By combining the operations of
union and pairing, one can produce from any finite
list of sets the set that contains these sets as
members: {A,B,C,D,...,K,L,M}. The empty set, the set
that has no elements, should also be mentioned. The
empty set is uniquely determined by this property, as
it is the only set that has no elements - this is a
consequence of the u n derstanding that sets are
determined by their elements. When dealing with sets
informally, such operations on sets are self-evident;
with the axiomatic approach, it is postulated that
such operations can be applied: for instance, one
postulates that for any sets A and B, the set {A,B}
exists. In order to endow set theory with sufficient
expressive power one needs to postulate more general
construction principles than those alluded to above.
The guiding principle is that any objects that can be
singled out can be collected into a set. [261] If a
and b are sets, then the unordered pair {a, b } is a
set whose elements are exactly a and b. The 'order' in
which a and b are put together plays no role; {a, b }
= {b, a}. For many applications, it is necessary to
pair a and b in such a way that one can 'read off
which set comes 'first' and which comes 'second.' It
is denoted that this ordered pair of a and b by (a,
b); a is the first coordinate of the pair (a, b), b is
the second coordinate. [262] In an embodiment, the
ordered pair has to be in a set. It should be defined
in such way that two ordered pairs are equal if, and
only if, their first coordinates are equal and their
second coordinates are equal. This guarantees in
particular that (a, b) (b, a) if ab. [263] Definition
(a, b) = {{a}, {a, b}}. [264] If a b, (a, b) has two
elements, a singleton {a} and an unordered pair {a,
b}. The first coordinate can be found by looking at
the element of {a}. The second coordinate is then the
other element of {a, b}. If a = b, then (a, a) = {{a},
{a,a} } = {{a} } has only one element. In any case, it
seems obvious that both coordinates can be uniquely
'read off from the set (a, b). This statement is made
precise in the following theorem. [265] Theorem (a, b)
= (a', b') if and only if a = a'and b = b'. [266]
Proof. If a = a'and b = b', then, of course, (a, b) =
{{a }, {a, b }} = {{a' }, {a', b' }} = (a',b'). The
other implication is more intricate. Let us assume
that {{a}, {a, b }} = {{a'}, {a', b'}}. If a b, {a} =
{a'} and {a, b } = {a', b'}. So, first, a = a'and then
{a, b } = {a, b'} implies b = b'. If a = b, {{a}, {a,
a}} = {{a}}. So {a} = {a'}, {a} = {a',b'}, and we get
a = a'= b', so a = a'and b = b'holds in this case,
too. [267] With ordered pairs at our disposal, ordered
triples can be defined:[268] (a, b, c) = ((a, b), c),
[269] ordered quadruples [270] (a, b, c, d) = ((a, b,
c), d), [271] and so on. Also, ordered 'one-tuples'
can be defined. [272] (a) = a. [273] A binary relation
is determined by specifying all the ordered pairs of
an objects in that relation; it does not matter by
what property the set of these ordered pairs is
described. Then the following definition is led. [274]
Definition. A set R is a binary relation if all
elements of R are ordered pairs, i.e., if for any zeR
there exist x and y such that z = (x, y). [275] As
used hererein according to the conventional art, it is
conventional to describe xRy instead of (x, y)eR. As
used herein it is described that x is in relation R
with y if xRy holds. [276] The set of all x which are
in relation R with some y is called the domain of R
and denoted by 'dom R.' So dom R = {x Ithere exists y
such that xRy}. dom R is the set of all the first
coordinates of ordered pairs in R. [277] The set of
all y such that, for some x, x is in relation R with y
is called the range of R, denoted by 'ran R.' So ran R
= {y Ithere exists x such that xRy}. [278] Function,
as understood in mathematics, is a procedure or a
rule, assigning to any object, a, from the domain of
the function a unique object, b, the value of the
function at a. A function, therefore, represents a
special type of relation, a relation where every
object, a, from the domain is related to precisely one
object in the range, namely, to the value of the
function at a. [279] Definition. A binary relation F
is called a function (or mapping, correspondence) if
aFbl and aFb2 imply b l = b2 for any a, bl, and b2. In
other words, a binary relation F is a function if, and
only if, for every a from dom F there is exactly one b
such that aFb. This unique b is called the value of F
at a and is denoted F(a) or Fa. [F(a) is not defined
if a dom F.] If F is a function with dom F = A and ran
FcB, it is customary to use the notations F : A B,
<F(a) IaeA>, <Fa IaeA>, <Fa >aeA for the function F.
The range of the function F can then be denoted (F(a)
IaeA} or {FajaeA. [280] The Axiom of Extensionality
can be applied to functions as follows. [28 1] Lemma.
Let F and G be functions. F = G if and only if dom F =
dom G and F(x) = G(x) for all xedom F. [282] A
function f is called one-to-one or injective if aledom
f, a2edom f, and al a2 implies f(al) f(a2). In other
words if aledom f, a 2edom f, and f(al) = f(a2), then
al = a2. [283] In order to develop the mathematics
within the framework of the axiomatic set theory, it
is necessary to define natural numbers. Natural
numbers are known intuitively: 0, 1, 2, 3, ..., 15,
..., 30, ..., 115, ..., 515, etc., and examples of
sets having zero, one, two, or three elements can be
easily given. [284] To define number 0, a
representative of all sets having no elements is
chosen. However, this is easy, since there is only one
such set. 0 = 0 is defined. Herein sets having one
element (singletons) are defined: {0}, {{0}}, {{0,
{0}}}; in general, {x}. A representative can be chosen
as follows: Since one particular object has already
been defined, namely 0, a natural choice is {0}. So it
is defined: [285] 1 = {0} = {0}. [286] Next sets with
two elements are considered: {0 , {0 }}, {{0 }, {0 ,
{0 }}}, {{0 }, {{0} }}, etc. By now, 0 and 1 have been
defined, and O l . A particular two-element set is
singled out, the set whose elements are the previously
defined numbers 0 and 1: [287] 2 = {0,l} = {0, {0}}.
[288] It should begin to be obvious how the process
continues: [289] 3 = {0, 1, 2 } = {0, {0}, {0,{0}}}
[290] 4 = {0, 1, 2, 3 } = {0,{0}, {0,{0}}, {0, {0},
{0, {0}}}} [291] 5 = {0, 1, 2, 3, 4}etc. [292] The
idea is simply to define a natural number n as the set
of all smaller natural numbers: {0, 1, . . ., n - 1}.
In this way, n is a particular set of n elements.
[293] This idea still has a fundamental deficiency. 0,
1, 2, 3, 4, and 5 have been defined and could easily
define 15 or 30 and not so easily 115 or 515. However,
no list of such definitions teaches us what a natural
number is in general. A statement of the form is
necessary: 'A set n is a natural number if . . ..' It
cannot be simply determined that a set n is a natural
number if its elements are all the smaller natural
numbers, because such a 'definition' would involve the
very concept being defined. [294] The construction of
the first few numbers is observed again. We defined 2
= {0, 1}. To get 3, it was necessary to adjoin a third
element to 2, namely, 2 itself: [295] 3 = 2U{2} = {0,
1}U{2}. [296] Similarly, [297] 4 = 3u{3} = {0, 1,
2}U{3}, [298] 5 = 4U{4},etc. [299] Given a natural
number n, the'next'number should be obtained by
adjoining one more element to n, namely, n itself. The
procedure works even for 1 and 2: 1 = 0U{0}, 2 = 1U{
1}, but, of course, not for 0, the least natural
number. [300] These considerations suggest the
following. [301] Definition. The successor of a set x
is the set S(x) = xU{x}. [302] Intuitively, the
successor S(n) of a natural number n is the 'one
bigger' number n + 1. Herein the more suggestive
notation n+1 for S(n) is used in what follows.
Addition of natural numbers (using the notion of
successor) can subsequently be defined in such away
that n + 1 indeed equals the sum of n and 1. Until
then, it is just a notation, and no properties of
addition are assumed or implied by it. [303] The
intuitive understanding of the natural numbers can now
be summarized as follows: 



[304] 1. 0 is a natural number. [305] 2. If n is a
natural number, then its successor n + 1 is also a
natural number. [306] 3. All natural numbers are
obtained by application of (a) and (b), i.e., by
starting with 0 and repeatedly applying the successor
operation: 0, 0 + 1 = 1, 1 + 1 = 2, 2 + 1 = 3, 3 + 1 =
4, 4 + 1 = 5, ...etc. [307] Definition. A set I is
called inductive if [308] 1. OeI. [309] 2. If nel,
then (n + l)el. [310] An inductive set contains 0 and,
with each element, also its successor. According to
(c), an inductive set should contain all of the
natural numbers. The precise meaning of (c) is that
the set of the natural numbers is an inductive set
which contains no other elements but the natural
numbers, i.e., it is the smallest inductive set. This
leads to the following definition. [311] Definition.
The set of all natural numbers is the set [312] = {x I
xel for every inductive set I}. [313] The elements of
the set are called natural numbers. Thus a set x is a
natural number if, and only if, it belongs to every
inductive set. [314] From the point of view of a pure
set theory, the most basic question about a set is:
'How many elements does it have?' It is a fundamental
observation that the statement can be defined: 'sets A
and B have the same number of elements' without
knowing anything about numbers. [315] Definition. Sets
A and B have the same cardinality if there is a
one-to-one function, f, with domain A and range B.
This is be denoted by IAI = IBI. [316] Definition. The
cardinality of A is less than or equal to the
cardinality of B (notation: IAI < IBI) if there is a
one-to-one mapping of A onto B. [317] Notice that IAI
< IBI means that IAI = ICI for some subset C of B. IAI
< IBI is also described to mean that IAI < IBI and not
IAI = IBI, i.e., that there is a one-to-one mapping of
A onto a subset of B, but there is no one-to-one
mapping of A onto B. [318] Lemma. [319] 1. If IAI <
IBI and IAI = ICI, then ICI < IBI. [320] 2. If IAI <
IBI and IBI = ICI, then IAI < ICI. [321] 3. IAI < IAI.
[322] 4. If IAI < IBI and IBI < ICI, then lAIICI.
[323] Cantor-Bernstein Theorem. If IX l < IYI and IYI
< IXI, then IXI = IYI.[324] Finite sets can be defined
as those sets whose size is a natural number. [325]
Definition. A set, S, is finite if it has the same
cardinality as some natural number, n . Then, ISI = n
is defined and it can be described that S has n
elements. A set is infinite if it is not finite. [326]
As described above, set theory can be applied to a n
analysis of the present invention. [327] For example,
a test result can be summarized in an Excel(R)-format
file, in which functional reporters such as a
transcriptional factor reporters, and perturbation
agents such as a siRNA's are plotted in an x-y format,
and the value corresponding to each combination
thereof is filled therein. The actual value may be
compared to a standard value, or a threshold of
interest such as a result obtained by using a
scrambled siRNA. The values may be normalized into
three values such as +, 0 and -. The values are
evaluated, for example, when 80 % or less of the
threshold, it is normalized to '-1', and when between
80 % and 120 % of the threshold, it is normalized to
'0', and when 120 % or more of the threshold, it is
normalized to '+1'. The normalized or degenerated
matrix may be used to analyze the effects of
perturbation agents (such as siRNA's) on reporters in
a simpler manner, and to obtain a set of perturbation
agents giving an effects on each of the reporters. An
exemplary table is shown below. [328] before
normalization [329] [Table 1] [Table ] [330] after
normalization [331] [Table 2] [Table ] [332]
(Description of preferred embodiments) [333]
Hereinafter, the present invention will be described
by way of embodiments. Em bodiments described below
are provided only for illustrative purposes.
Accordingly, the scope of the present invention is not
limited by the embodiments except as by theappended
claims. [334] As shown in Figure 11, which shows the
concept of the present invention, reactivity of
compounds to cell species for testing and reference
cell species (such as cells 1, 2, 3, 4 and 5, which
have larger to smaller similarities to the test cell
species) are analyzed and the component collections
necessary for the biological activity of a compound
are determined. Thereafter, components different from
cell species to cell species are determined from
upstream to downstream by means of the present method
of the present invention and the component essential
for the action of the component is determined. [335]
In one aspect, the present invention provides a method
for deriving an upstream or downstream component of a
component necessary for a phenotypic alteration of a
living organism, the method comprising the steps of:
A) specifying a pathway of interest related to the
phenotypic alteration and a reference pathway
different from the pathway of interest, and specifying
a stimulant of interest and a reference stimulant
which respectively stimulate the pathway of interest
and the reference pathway; B) giving the stimulant of
interest to the living organism to identify a
collection of the components of interest necessary for
the phenotypic alteration; C) giving the reference
stimulant to the living organism to identify a
collection of the reference components necessary for
the phenotypic alteration; D) calculating an
intersection between the collection of the components
of interest and the reference components; and E)
calculating differential collection by subtracting the
intersection from the collection of components of
interest, wherein a component which belongs to the
differential collection is determined to be present
upstream or downstream of the intersection. The step
of subjecting a biological entity to a stimulant may
be conducted in any manner as long as the perturbation
agent is conducted to the entity and attains the
effects of interest, and is dependent on the type of
stimulant used. So long as set theory can be
conducted, the step of subjecting the data to set
theory can be conducted. Preferably, a biological
entity used in the present invention is a cell. [336]
Stimulants used in the present invention may be any
agents which give a perturbation or a change to a
biological entity or a system such as an RNA including
siRNA, shRNA, miRNA, and ribozyme, chemical compound,
cDNA, antibody, polypeptides, light, sound, pressure
change, radiation, heat, gas and the like. Preferably
a siRNA capable of specifically regulating a function
of a said functional reporter. Functional reporters
used in the present invention include but are not
limited to transcriptional factors, regulatory genes,
structural genes, cellular markers, cell surface
markers, cell shapes, organelle shapes, cell mobility,
enzyme activities, metabolite concentrations, and
localization of cellular components. [337] In a
specific embodiment, the set theory processing used in
the present invention maybe conducted by classifying
two specific functional reporters of at least two said
functional reporters into a relationship selected from
the group consisting of a) in dependent, b) inclusion,
and c) intersection, wherein when it is determined to
be in dependent, the two specific functional reporters
are determined to have no rela tionships in the
network; when it is determined to be inclusive, one of
the two specific functional reporters is determined to
be included in the other of the two specific
functional reporters and located downstream of the
other; when it is determined to be intersection, the
two specific functional reporters are determined to be
located downstream branched from another common
function. [338] In the present invention, any
mathematical process of a set theory can be used as
long as sets can be analyzed according to the set
theory. In a specific embodiment of the present
invention, the set theory processing comprises the
step of mapping the absence or presence of a response
by said stimulant per said functional reporter. In a
specific embodiment of the present invention, the set
theory processing can comprise a calculation of a
relationship between the reporters comprising
correlation between each functional reporter as
classified into an independent, inclusion and
intersection to generate a summary of the correlation.
This calculation can be conducted by using a matrix.
In a specific embodiment, the effect obtained by the
stimulants used can be classified into the following
three groups in terms of a threshold value: positive
effect = + (preferably +1); no effect= 0; and negative
effect = - (preferably -1). [339] In one embodiment,
the living organism or biological entity is a cell. In
another embodiment, the living organism is grown under
two or more different conditions. [340] In a
preferable embodiment, the component is induced from
functional assay data which is an indication of a
cell, tissue or an individual. [341] In another
embodiment, the component is selected based on a
functional assay from a limited number of candidate
genes including a miRNA. [342] In another embodiment,
the component is a target calculated based on
functional assay data from the target collection of
the stimulant. [343] In another embodiment, the
component is a protein, a nucleic acid or both, which
has an effect on a phenotype of interest. [344] In
another embodiment, the component is derived from the
result of a functional screening from a limited number
of the functional nucleic acid libraries. [345] In
another embodiment, the stimulant is an antibody, an
RNA interference agent or a molecular target
inhibitor. [346] In a preferable embodiment of the
present invention, the information on at least two
functional reporters is based on an effect of the
stimulant after a desired time; wherein the set theory
processing comprises: a) classifying the information
into three categories 



by comparing the effect with a threshold value for the
functional reporter andclassifying them into the
following three groups: positive effect = +
(preferably +1); no effect= 0; and negative effect = -
(preferably -1); b) determining if two out of the
functional reporters have a common stimulant, wherein
the common stimulant has the same type of effect, and
if there are no such common stimulants, then the two
functions corresponding to the two functional
reporters are located under different stimulants, and
if there is such a common stimulant, then the
following step c) is conducted: c) determining if the
stimulant set for one function of the two functions is
completely included into the stimulant set for the
other function of the two functions, and if this is
the case, then one function having the bigger set is
located downstream of the other function having the
smaller set, and if this is not the case, then the two
functions are located in parallel under the same
stimulants; d) determining if all the combinations of
the functional reporters are investigated, if this is
the case, then in tegrating all the relationships of
the functions to present a global perturbation effects
network, and if this is not the case then repeating
the steps a) to c). These steps can be conducted on a
computer equipped with a computer program implementing
the process and steps of interest. [347] In a further
embodiment of the present invention, the present
invention may further comprise analyzing the generated
network by conducting an actual biological experiment.
Preferably, such an analysis comprises the use of a
regulation agent such as siRNA, antibody, antisense
oligonucleotide, inhibitor, activator, ligand,
receptors and the like, specific to the function.
Preferably, siRNA is used. [348] The present invention
can be used for analyzing networks such as a signal
transduction pathway, a cellular pathway and the like.
[349] The present invention is useful for
identification of a biomarker, analysis of a drug
target, analysis of a side effect, diagnosis of a
cellular function, analysis of a cellular pathway,
evaluation of a biological effect of a compound, and
diagnosis of an infectious disease and the like. [350]
In another aspect, the present invention provides a
method for profiling a compound comprising the step of
repeatedly applying the method of the present
invention. As used herein, any preferable or other
embodiments may be used for the subject method for
profiling a compound. [35 1] In another aspect, the
present invention provides a process for profiling a
compound which can be combined for a use in achieving
the phenotypic alteration, the process comprising the
step of repeatedly applying the method according to
claim 1, wherein the process further comprises the
steps of: A) calculating the collection of components
of interest which increases phenotypic alteration
expected by a living organism under a culture
condition in which the compound is added; B)
calculating the collection of components of interest
which increases phenotypic alteration expected by a
livingorganism under a culture condition in which
there is no compound; C) calculating a differential
collection of the collection of components of interest
and the collection of reference components thereby
calculating a specific component collection appearing
under the culture conditions with a compound added
thereto; D) calculating a common pathway of components
included in the specific component collection; and E)
selecting a compound which targets the common pathway.
As used herein, any preferable or other embodiments
may be used for the subject method for profiling a
compound. [352] In another aspect, the present
invention provides a process for searching for a
target of a compound, comprising the method according
to claim 1, the process further comprising the steps
of: A) calculating the collection of components of
interest which increases phenotypic alteration
expected by a living organism under a culture
condition in which the compound which can be combined
for use in achieving the phenotypic alteration is
added; B) calculating the collection of components of
interest which increases phenotypic alteration
expected by a living organism under a culture
condition in which there is no compound which can be
combined for use in achieving the phenotypic
alteration; C) calculating a differential collection
of the collection of components of interest and the
collection of reference components, thereby
calculating a specific component collection appearing
under the culture conditions with a compound added
thereto; D) calculating a common pathway of components
included in the specific component collection; and E)
selecting a target included in the common pathway. As
used herein, any preferable or other embodiments may
be used for the subject method for profiling a
compound. [353] In another aspect, the present
invention provides a process for searching for a
target of a similar compound, comprising the method
according to claim 1, wherein the process comprises
the steps of: A) calculating the collection of the
components of interest which increases phenotypic
alteration expected by a living organism in a culture
circumstance in which the compound which can be
combined for the use in achieving the phenotypic
alteration is added; B) calculating the collection of
the components of interest which increases phenotypic
alteration expected by a living organism under a
culture condition in which there are no compounds
which can be combined for use in achieving the
phenotypic alteration; C) calculating a differential
collection of the collection of the components of
interest and the collection of the reference
components, thereby calculating a specific component
collection appearing under the culture condition with
a compound added thereto; D) calculating a common
pathway of the components included in the specific
component collection; and E) selecting a target of a
similar compound from the common pathway. As used
herein, any preferable or other embodiments may be
used for the subject method for profiling a
compound.[354] In a preferable aspect of the
invention, the present invention provides a method for
inhibiting breast cancer using a combination of DXR
and at least an inhibitor of the EphA family. Examples
of an inhibitor of the EphA family include RNAi
molecules thereof. [355] In a preferable aspect of the
invention, the present invention provides a method for
inhibiting breast cancer using a combination of DXR
and at least an inhibitor of the EphB family. Examples
of an inhibitor of the EphB family include RNAi
molecules thereof. [356] In a preferable aspect of the
invention, the present invention provides a method for
inhibiting breast cancer using a combination of DXR
and at least an inhibitor of c-KIT. Examples of an
inhibitor of the c-KIT family include RNAi molecules
thereof. [357] In a preferable aspect of the
invention, the present invention provides a method for
inhibiting breast cancer using a combination of DXR
and at least an inhibitor of ALK. Examples of an
inhibitor of the ALK family include RNAi molecules
thereof. [358] In a preferable aspect of the
invention, the present invention provides a system for
deriving an upstream or downstream component necessary
for phenotypic alteration of a living organism, the
system comprising: A) a computer for specifying a
pathway of interest related to the phenotypic
alteration and a reference pathway different from the
pathway of interest, and specifying a stimulant of
interest and a reference stimulant which respectively
stimulate the pathway of interest and the reference
pathway; B) an assay system for giving the stimulant
of interest to the living organism to identify a
collection of components of interest necessary for the
phenotypic alteration; C) an assay system for giving
the reference stimulant to the living organism to
identify a collection of reference components
necessary for the phenotypic alteration; D) a computer
for calculating an intersection between the collection
of the components of interest and the reference
components; and E) a computer for calculating
differential collection by subtracting the
intersection from the collection of components of
interest, wherein a component which belongs to the
differential collection is determined to be present
upstream of or downstream the intersection. As used
herein, any preferable or other embodiments may be
used for the subject method for profiling a compound.
[359] Means for obtaining information on at least two
functional reporters in the said biological entity,
wherein the functional reporters reflect a biological
function, may be provided as a transfection array, but
the present invention is not limited to this. Such a
transfection array is extensively described elsewhere
herein and exemplified in the following Examples.
[360] Means for subjecting the obtained information to
set theory processing to calculate a relationship
between the functional reporters to generate a network
relationship of the biological functions, may be
provided as a computer program but the present
inventionis not limited to this. As a set theory is
known in the art, it is understood that any computer
program implementing such a calculation based on set
theory can be used in the present invention. [361] In
a preferable aspect of the invention, the present
invention provides a program for implementation by a
computer to conduct a method for deriving an upstream
or downstream component necessary for phenotypic
alteration of a living organism, the method comprising
the steps of: A) specifying a pathway of interest
related to the phenotypic alteration and a reference
pathway different from the pathway of interest, and
specifying a stimulant of interest and a reference
stimulant which respectively stimulate the pathway of
interest and the reference pathway; B) giving the
stimulant of interest to the living organism to
identify a collection of components of interest
necessary for the phenotypic alteration; C) giving the
reference stimulant to the living organism to identify
a collection of reference components necessary for the
phenotypic alteration; D) calculating an intersection
between the collection of the components of interest
and the reference components; and E) calculating a
differential collection by subtracting the
intersection from the collection of components of
interest, wherein a component which belongs to the
differential collection is determined to be present
upstream or downstream of the intersection. As used
herein, any preferable or other embodiments may be
used for the subject method for profiling a compound.
[362] It should be noted that those skilled in the art
will understand that any other specific embodiments of
the method and system as described hereinabove may be
employed and are applicable to a computer program of
the present invention if necessary. 



[363] A configuration of a computer or system for
implementing amethodof the present inventionfor
analyzing a network of a biological functions in a
biological entityis shown in Figure 12. Figure 12shows
an exemplary configuration of a computer 500 for
executing the compound profiling methodof the present
invention. [364] The computer 500 comprises an input
section 501, a CPU 502, an output section 503, a
memory 504, and a bus 505. The input section 501, the
CPU 502, the output section 503, and the memory 504
are connected via a bus 505. The input section 501 and
the output section 503 are connected to an I/O device
506. [365] An outline of a process for presenting a
state of a cell, which is executed by the computer
500, will be described below. [366] A program for
executing amethod for analyzing a network of
biological functions in a biological entityis stored
in, for example, the memory 502. Alternatively,
information necessary for the method may be stored in
any type of recording medium, such as a floppy disk,
MO, CD-ROM, CD-R, DVD-ROM, or the like separately or
together. Al ternatively, the program may be stored in
an application server. The information or data stored
in such a recording medium is loaded via the I/O
device 506 (e.g., a diskdrive, a network (e.g., the
Internet)) to the memory 504 of the computer 500. The
CPU 502 executes the cellular state presenting the
program, so that the computer 500 functions as a
device for performing amethod of the present invention
for analyzing a network of biological functions in a
biological entity. [367] Information about a cell or
the like is input via the input section 50 las well as
data obtained. Known information may be input as
appropriate. [368] The CPU 502 generates display data
based on the information about data and cells through
the input section 501, and store the display data into
the memory 504. Thereafter, the CPU 502 may store the
information in the memory 504. Thereafter, the output
section 503 outputs a network analyzed by the CPU 502
as display data. The output data is output through the
I/O device 506. [369] In a preferable aspect of the
invention, the present invention provides a storage
medium with a program stored thereon for
implementation by a computer to conduct a method for
deriving upstream or downstream of a component
necessary for phenotypic alteration of a living
organism, the method comprising the steps of: A)
specifying a pathway of interest related to the
phenotypic alteration and a reference pathway
different from the pathway of interest, and specifying
a stimulant of interest and a reference stimulant
which respectively stimulate the pathway of interest
and the reference pathway; B) giving the stimulant of
interest to the living organism to identify a
collection of components of interest necessary for the
phenotypic alteration; C) giving the reference
stimulant to the living organism to identify a
collection of reference components necessary for the
phenotypic alteration; D) calculating an in tersection
between the collection of the components of interest
and the reference components; and E) calculating a
differential collection by subtracting the
intersection from the collection of the components of
interest, wherein a component which belongs to the
differential collection is determined to be present
upstream or downstream of the intersection. As used
herein, any preferable or other embodiments may be
used for the subject method for profiling a compound.
It should be noted that those skilled in the art will
understand that any other specific embodiments of the
method, system and computer program as described
hereinabove may be employed and are applicable to a
storage medium of the present invention if necessary.
Such a storage medium may beany type of recording
medium, such as CD-ROMs, flexible disks, CD-Rs,
CD-RWs, MOs, mini disks, DVD-ROMs, DVD-Rs, memory
sticks, hard disks, and the like. [370] In a
preferable aspect of the invention, the present
invention provides a composition for inhibiting breast
cancer comprising a combination of DXR and at least an
inhibitor of the EphA family. Examples of an inhibitor
of the EphA family includes RNAi molecules thereof.
[37 1] In a preferable aspect of the invention, the
present invention provides a compositionfor inhibiting
breast cancer comprising a combination of DXR and at
least an inhibitor of the EphB family. Examples of an
inhibitor of the EphB family includes RNAi molecules
thereof. [372] In a preferable aspect of the
invention, the present invention provides a
composition for inhibiting breast cancer comprising a
combination of DXR and at least an inhibitor of c-KIT.
Examples of an inhibitor of the c-KIT family include
RNAi molecules thereof. [373] In a preferable aspect
of the invention, the present invention provides a
composition for inhibiting breast cancer comprising a
combination of DXR and at least an inhibitor of ALK.
Examples of an inhibitor of the ALK family include
RNAi molecules thereof. [374] Eph family: The family
involves 14 receptor tyrosine kinases. The family is
subdivided into two classes: EphA (SEQ ID NOs: 1-12)
and EphB (SEQ ID NOs: 13-20). The family is expressed
in the nervous systems during development and in
adult. The family is considered as responsible for the
process of axon guidance. The family is also expressed
in breast cancer cells. The specific inhibitors
against of this family are unknown. [375] C-Kit: The
stem cell factor-c-kit is a receptor tyrosin kinase
previously implicated in the hematopoietic recovery
(e.g.Homo sapiensv-kit Hardy-Zuckerman 4 feline
sarcoma viral oncogene homolog (KIT) (SEQ ID NO:
21-22)). The tyrosine kinase is expressed in several
cancers. An anti-cancer drug 'imatinib' is one of the
famous c-kit inhibitors. [376] ALK: ALK is a receptor
tyrosine kinase (e.g.Homo sapiensv-kit Hardy-Zuckerman
4 feline sarcoma viral oncogene homolog (KIT) (SEQ ID
NO: 23-24)). The protein is r e sponsible for
development of nerve systems. The molecular mechanisms
are unkown. The specific inhibitors are still unknown.
[377] It should be noted that those skilled in the art
will understand that any other specific embodiments of
the method, system, computer program and storage
medium as described hereinabove may be employed and
are applicable to a transmission medium of the present
invention if necessary.Examples of such a transmission
medium include, but are not limited to, networks, such
as intranets, the Internet and the like. [378] The
preferred embodiments of the present invention have
been heretofore described for a better understanding
of the present invention. Hereinafter, the present
invention will be described by way of examples.
Examples described below are provided only for
illustrative purposes. Accordingly, the scope of the
present invention is not limited except as by the
appended claims. According to the examples below, it
will be understood that those skilled in the art can
select cells, supports, biological factors, salts,
positively charged substances, negatively charged
substances, actin acting substances and the like, as
appropriate, and can make or carry out the present
invention.[379] EXAMPLES [380] Hereinafter, the
present invention will be described in greater detail
by way of examples, though the present invention is
not limited to the examples below. Reagents, supports,
and the like were commercially available from Sigma
(St. Louis ,USA), Wako Pure Chemical Industries
(Osakajapan), Matsunami Glass (Kishiwadajapan) unless
otherwise specified. [381] EXAMPLE 1: PATHWAY IN WHICH
PROJECTION EXTENSION FROM NEU ROLOGICAL PRECURSOR
CELLS [382] As a specific example, pathway in which
projection extension from neurological precursor cells
was tested and is described below. Methodologies
employed herein have been illustrated in Figures 1 and
2. [383] Retinoic acid was exposed to SHSY5Y cell, a
neuroblastoma from human to raise expression of
choline acetyl transferase and cause extension of
neuron projection, and forms cholinergic neuron cells
(1). On the other hand, when Nerve Growth Factor (NGF)
was exposed to the same cell, tyrosine hydroxylase was
expressed and caused extension of neuron projection,
and forms dopaminergic neuron cells (2). The functions
of (1) and (2) are different, but share the same
properties in terms of extension of neuron projection.
Therefore, cellular components necessary for these two
intracellular alteration were specified experimentally
by means of RNA interference method. As such, it was
obtained that the component collection (3) necessary
for the alteration from SHSY5Y to (1) are (JAKl, JAK3,
ROR, and RET}. On the other hand, the component
collection (4) necessary for the alteration from
SHSY5Y cells to (2), are {NTRK1, EPHB2, INSR, RDGFRA,
ROR and RET}. When comparing and calculation of
intersection is done for (3) and (4), the intersection
(5) was obtained to read (ROR and RET}. Next, the
collection (6) (JAKl and JAK3} by subtraction of (3) -
(5) and the collection (5) were analyzed in terms of
an intermolecular interaction, and the existence of a
pathway of a molecular signals from (6) to (5) (Figure
3A) was determined. Furthermore, the collection (7)
which was obtained by the subtraction of (4) - (5),
and the collection (5) were analyzed in terms of an
intermolecular interaction, and the existence of a
pathway of molecular signals from (7) to (5) (Figure
3B) was further determined. The common components and
pathway relating to the projection extension by
retinoic acid (RA) and Nerve Growth Factor (NGF) are
shown in Figure 4 . As seen from Figure 4, The output
graph indicates molecular relations between the hit
molecules (RAR, JAKl, and JAK3) for retinoic acid
(RA), the hit molecules (IRS, PDGFR, NTRKl, and RPHB2)
for Nerve Growth Factor (NGF), and the endpoint
molecules (ROR and RET). As such, it was demonstrated
that the collection structure reflects the upstream
and downstream of a pathway. [384] EXAMPLE 2: PATHWAY
ANALYSIS OF HUMAN DERIVED BREASTCANCER CELLS [385] The
above-mentioned pathway analysis as shown in Example 1
was also effective in analysis of pathway of growth of
human derived breast cancer cells. The methods used
herein are shown in Figures 2 and 5A-B. It was known
that breast cancer cell SK-BR-3 is subjected to growth
inhibition by anti-cancer doxorubicin (DXR). The
component collection (8) which increases DXR
sensitivity of SK-BR-3 were specified using RNA
interference, and the collection {EPHA3, EPHA4, EPHB4,
DDRl, EPHB6, FER, 



TYK2} were obtained. Next, in the absence of DXR, the
component collection (9) which inhibits growth of
SK-BR-3 was specified using the RNA interference
method, and the collection (BTK, BLK, ERBB2, CSFl,
EPHB6, FER, TYK2} was obtained. As a reference cell,
T-47D cell, which has the same DXR sensitivity as the
SK-BR-3 and is a human derived breast cancer, was used
for detecting a component collection (10) which
increases DXR sensitivity of T-47D cells, and
component collection (11) which inhibits growth of
T-47D cells in the absence of DXR, and the
intersection (12) of component collection (10) and
component collection (11) was obtained. Furthermore,
intersection (13) of collections (8) and (9) was
obtained. Intersection (14) of two intersections (12)
and (13) was {EPHB6, FER, TYK2}. It turned out that in
tersection (14) and Rb, which directly control the
cellular growth, share common pathway component
collection (15) {PI3K, SRC, STAT5, GR, PPARg} (Figure
6). Figure 6 depicts an exemplary of extraction of
common pathway for DXR independent pathways in
SK-BR-3. The common molecules FER, EPHB6 and TYK2
exper imentally elucidated are connected to the
defined endpoint RB through the molecular relations
described in the graph. Shaded boxes indicate
experimental hits for DXR sensitive cell line. [386]
Furthermore, it also turned out that the component
collections (8) and (9) which are subjected to the
effects of DXR, are located upstream of the pathway
(Figures 7 and 8). Figure 7 depicts an exemplary of
extraction of pathway which is inhibited by DXR, i.e.
DXR-suppressed pathways in SK-BR-3. The molecules
Tie-1, Tie-2, ERBB2, CSF-I, BLK, and BTK elucidated as
the DXR-suppressed pathway components are connected to
the defined endpoint RB through the molecular
relations described in the graph. Shaded boxes
indicate experimental hits for DXR sensitive cell
line. Figure 8 depicts an exemplary of extraction of
pathway which is increased by DXR, i.e. DXR-enhanced
pathways in SK-BR-3. The molecules EPHB4, DDR1,EPHA3,
EPHA4, and EPHA7 elucidated as the DXR-enhanced
pathway components are connected to the defined
endpoint RB through the molecular relations described
in the graph. Shaded boxes indicate experimental hits
for DXR sensitive cell line. [387] Moreover, component
collection (16) which contributes to the growth of
breast cancer cells MCF7 having DXR resistance was
extracted by means of RNA interference experiments and
thereby obtained {KIT, ALK }. This collection also
turned out to be located upstream of collection (15)
(Figure 9). Figure 9 depicts an exemplary extraction
of growth of a cell having DXR resistance, i.e.
DXR-resistant growth pathways in MCF7. The molecules
C-KIT, and ALK elucidated as the DXR-resistant pathway
components are connected to the defined endpoint RB
through the molecular relations described in the
graph. [388] The overall DXR-dependent and independent
pathways in SK-BR-3 is shown in Figure 10. As shown in
Figure 10, the present invention elucidated how known
anti cancer agents function in the cells. Therefore,
Herceptin and XL647(PI) affects on ErbB2 resulting in
DXR-suppression. EphB6, VEFGR, Tyk2, EphA3, EphA4, and
EphA7 turned out to be potential targets for screening
anti-cancer agents (BBRC(2004)318:882, MoI. Pharmacol.
(2004) 66:635, Cancer & Metastasis 22, 423-434 (2003),
Cytokine&Growth Factor Reviews (2004) 15:419).
Recently, VEGFR has been clinically determined to be a
DXR enhance target. Therefore, the present invention
clearly demonstrates that it provides effective
screening methods. [389] Although certain preferred
embodiments have been described herein, it is not
intended that such embodiments be construed as
limitations on the scope of the invention except as
set forth in the appended claims. Various other
modifications and equivalents will be apparent to and
can be readily made by those skilled in the art, after
reading the description herein, without departing from
the scope and spirit of this invention. All patents,
published patent applications and publications cited
herein are incorporated by reference as if set forth
fully herein. [390] INDUSTRIAL APPLICABILITY [391]
According to the present invention, it is possible to
effectively determinean upstream or downstream
component of a component necessary for phenotypic
alteration of a living organismby observing a
surprisingly small number of factors. Therefore, the
present invention is applicable to diagnosis,
prevention, and treatment. The present invention is
also applicable to the fields of food, cosmetics,
agriculture, environmental engineering, and the
like.Claims [I] A method for deriving an upstream or
downstream component of a component necessary for
phenotypic alteration of a living organism, the method
comprising the steps of: A) specifying a pathway of
interest related to the phenotypic alteration and a
reference pathway different from the pathway of
interest, and specifying a stimulant of interest and a
reference stimulant which respectively stimulate the
pathway of interest and the reference pathway; B)
giving the stimulant of interest to the living
organism to identify a collection of components of
interest necessary for the phenotypic alteration; C)
giving the reference stimulant to the living organism
to identify a collection of reference components
necessary for the phenotypic alteration; D)
calculating an intersection between the collection of
the components of interest and the reference
components; and E) calculating differential collection
by subtracting the intersection from the collection of
components of interest, wherein a component which
belongs to the differential collection is determined
to be present upstream or downstream of the
intersection. [2] The method according to claim 1,
wherein the living organism is a cell. [3] The method
according to claim 1, wherein the living organism is
grown under two or more different conditions. [4] The
method according to claim 1, wherein the component is
induced from functional assay data which is indicative
of a cell, tissue or an individual. [5] The method
according to claim 1, wherein the component is
selected based on a functional assay from a limited
number of candidate genes including miRNA. [6] The
method according to claim 1, wherein the component is
a target calculated based on functional assay data
from the target collection of the stimulant. [7] The
method according to claim 1, wherein the component is
a protein, a nucleic acid or both which has an affect
on a phenotype of interest. [8] The method according
to claim 1, wherein the component is derived from the
result of a functional screening from a limited number
of functional nucleic acid libraries. [9] The method
according to claim 1, wherein the stimulant is an
antibody, an RNA interference agent or a molecular
target inhibitor. [10] A method for profiling a
compound comprising the step of repeatedly applying
the method according to claim 1. [II] A process for
profiling a compound which can be combined for use in
achievingthe phenotypic alteration, the process
comprising the step of repeatedly applying the method
according to claim 1, wherein the process further
comprises the steps of: A) calculating the collection
of components of interest which increases the
phenotypic alteration expected by a living organism
under a culture condition in which the compound is
added; B) calculating the collection of components of
interest which increases the phenotypic alteration
expected by a living organism under a culture
condition in which there is no compound; C)
calculating a differential collection of the
collection of components of interest and the
collection of reference components thereby calculating
a specific component collection appearing under the
culture conditions with a compound added thereto; D)
calculating a common pathway of components included in
the specific component collection; and E) selecting a
compound which targets the common pathway. [12] A
process for searching for a target of a compound,
comprising the method according to claim 1, the
process further comprising the steps of: A)
calculating the collection of components of interest
which increases the phenotypic alteration expected by
a living organism under a culture condition in which
the compound which can be combined for use in
achieving the phenotypic alteration is added; B)
calculating the collection of components of interest
which increases the phenotypic alteration expected by
a living organism under a culture condition in which
there is no compound which can be combined for use in
achieving the phenotypic alteration; C) calculating a
differential collection of the collection of
components of interest and the collection of reference
components, thereby calculating a specific component
collection appearing under the culture conditions with
a compound added thereto; D) calculating a common
pathway of components included in the specific
component collection; and E) selecting a target
included in the common pathway. [13] A process for
searching for a target of a similar compound,
comprising the method according to claim 1, wherein
the process comprises the steps of: A) calculating the
collection of components of interest which increases
the phenotypic alteration expected by a living
organism in a culture circumstance in which the
compound which can be combined for use in achieving
the phenotypicalteration is added; B) calculating the
collection of components of interest which increases
the 



phenotypic alteration expected by a living organism
under a culture condition in which there is no
compound which can be combined for use in achieving
the phenotypic alteration; C) calculating a
differential collection of the collection of
components of interest and the collection of reference
components, thereby calculating a specific component
collection appearing under the culture condition with
a compound added thereto; D) calculating a common
pathway of components included in the specific
component collection; and E) selecting a target of a
similar compound from the common pathway. [14] A
method for inhibiting breast cancer using a
combination of DXR and at least an inhibitor of the
EphA family. [15] A method for inhibiting breast
cancer using a combination of DXR and at least an
inhibitor of the EphB family. [16] A method for
inhibiting breast cancer using a combination of DXR
and at least an inhibitor of c-KIT. [17] A method for
inhibiting breast cancer using a combination of DXR
and at least an inhibitor of ALK. [18] A system for
deriving an upstream or downstream component necessary
for the phenotypic alteration of a living organism,
the system comprising: A) a computer for specifying a
pathway of interest related to the phenotypic
alteration and a reference pathway different from the
pathway of interest, and specifying a stimulant of
interest and a reference stimulant which respectively
stimulate the pathway of interest and the reference
pathway; B) an assay system for giving the stimulant
of interest to the living organism to identify a
collection of components of interest necessary for the
phenotypic alteration; C) an assay system for giving
the reference stimulant to the living organism to
identify a collection of reference components
necessary for the phenotypic alteration; D) a computer
for calculating an intersection between the collection
of the components of interest and the reference
components; and E) a computer for calculating
differential collection by subtracting the in
tersection from the collection of components of
interest, wherein a component which belongs to the
differential collection is determined to be present
upstream or downstream of the intersection.[19] A
program for implementation by a computer to conduct a
method for deriving an upstream or downstream
component necessary for the phenotypic alteration of a
living organism, the method comprising the steps of:
A) specifying a pathway of interest related to the
phenotypic alteration and a reference pathway
different from the pathway of interest, and specifying
a stimulant of interest and a reference stimulant
which respectively stimulate the pathway of interest
and the reference pathway; B) giving the stimulant of
interest to the living organism to identify a
collection of components of interest necessary for the
phenotypic alteration; C) giving the reference
stimulant to the living organism to identify a
collection of reference components necessary for the
phenotypic alteration; D) calculating an intersection
between the collection of the components of interest
and the reference components; and E) calculating a
differential collection by subtracting the
intersection from the collection of components of
interest, wherein a component which belongs to the
differential collection is determined to be present
upstream or downstream of the intersection. [20] A
storage medium with a program stored thereon for an
implementation by a computer to conduct a method for
deriving upstream or downstream of a component
necessary for phenotypic alteration of a living
organism, the method comprising the steps of: A)
specifying a pathway of interest related to the
phenotypic alteration and a reference pathway
different from the pathway of interest, and specifying
a stimulant of interest and a reference stimulant
which respectively stimulates the pathway of interest
and the reference pathway; B) giving the stimulant of
interest to the living organism to identify a
collection of components of interest necessary for the
phenotypic alteration; C) giving the reference
stimulant to the living organism to identify a
collection of reference components necessary for the
phenotypic alteration; D) calculating an intersection
between the collection of the components of interest
and the reference components; and E) calculating a
differential collection by subtracting the
intersection from the collection of components of
interest, wherein a component which belongs to the
differential collection is determined to be present
upstream or downstream of the intersection. [21] A
composition for inhibiting breast cancer comprising a
combination of DXR and at least an inhibitor of the
EphA family. [22] A composition for inhibiting breast
cancer comprising a combination of DXRand at least an
inhibitor of the EphB family. [23] A composition for
inhibiting breast cancer comprising a combination of
DXR and at least an inhibitor of c-KIT. [24] A
composition for inhibiting breast cancer comprising a
combination of DXR and at least an inhibitor of ALK. 


