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WNT PROTEIN SIGNALLING INHIBITORS

[0001] The present application 1s a continuation of U.S.
application Ser. No. 13/875,170, filed May 1, 2013, which 1s
a divisional of U.S. application Ser. No. 12/994,661, filed as
a national phase application under 35 U.S.C. §371 of Inter-
national Patent Application No. PCT/US2009/045340, filed
May 277, 2009, which claims the benefit of priority to U.S.
Provisional Application Nos. 61/130,149, filed May 27,
2008, and 61/204,279, filed Jan. 2, 2009. The entire text of
cach of the above-reterenced disclosures 1s specifically incor-
porated herein by reference without disclaimer.

[0002] This mnvention was made with government support
under grant number 1RO01GMO076398-01, awarded by the
National Institutes of Health. The government has certain
rights in the invention.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention generally relates to the fields
of molecular biology and medicine. More particularly, it con-
cerns the discovery of compounds that inhibit Wnt-mediated
signal transduction pathways, including the Wnt/p-catenin
pathway.

[0005] 2. Description of Related Art

[0006] The secreted Wnt signalling proteins are deployed
in almost all aspects of embryonic development in vertebrates
(Clevers, 2006). In post-embryonic animals, their functions
are essential to homeostatic tissue renewal and regeneration
(Reya and Clevers, 2005). Similar to that of several other
signal transduction pathways that have been shown to be
important to cell fate decision-making, activity of the Wnt/3-
catenin pathway maintains transcriptional programs that
enable stem cells to retain their multi-potency (Cole et al.,
2008; Van der Flier et al., 2007). Inability to sustain these
transcription programs, perhaps through loss of members of
the TCF/LEF family of transcriptional effectors or the [3-cate-
nin transcriptional co-activator, results 1n compromised abil-
ity of stem cells to self-renew (Cole et al., 2008; Fevr et al.,

2007; Korinek et al., 1998; Muncan et al., 2007).

[0007] Pathological states that may arise from altered stem
cell function, such as degenerative diseases and cancer, are
frequently associated with changes 1n Wnt/{3-catenin path-
way activity. Indeed, hyperactivation of the Wnt/[3-catenin
pathway 1s thought to induce premature senescence of stem
cells and age-related loss of stem cell function (Brack et al.,
2007; Liu et al., 2007). In cancer, hyperactivation of the
Wnt/B-catenin pathway, often 1n conjunction with mutations
in other cell growth regulatory genes, can lead to aberrant cell
growth (Reya and Clevers, 2003). Notably, 90% of colorectal
cancers are initiated by the loss of the adenomatosis polyposis
coli (APC) gene, a major suppressor of the Wnt/3-catenin
pathway (Kinzler and Vogelstein, 1996; Sjoblom et al., 2006).
Less frequently, loss of extracellular inhibitors that normally
suppress Wnt protein function may give rise to Wnt ligand-
dependent tumors (Polakis, 2007). More recently, Wnt-me-
diated cellular responses that are not dependent upon [3-cate-
nin (so called “non-canonical pathways™ have also been
shown play important roles 1n cancer (Veeman et al., 2003).

[0008] Accordingly, 1dentification of methods and com-
pounds that modulate the Wnt-dependent cellular responses
may offer an avenue for therapeutic treatment of diseases
associated with aberrant activity of these pathways.

Dec. 31, 2015

SUMMARY OF THE INVENTION

[0009] The present mmvention generally provides com-
pounds and their use as Wnt protein signalling inhibitors.
Also provided are methods of synthesis of these compounds
and pharmaceutical compositions thereof.

[0010] Accordingly, 1n one aspect, the present invention
provides a method of inhibiting Wnt protein signalling 1n a
cell comprising administering to the cell an effective amount
of a compound of formula (A):

(A)

wherein:

[0011] R, 1s selected from the group consisting of

T
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-continued
O j\
?.{N S N NI,
N )\ ‘ .
N N
%]/ \IK\S \N .
linker
/ \ s a :
— O
Rij nd
[0017] R,, 1s selected from the group consisting of

R o

| X
Tr A )

H P
R N N Ri4 NN
12\/ \/ and ”
/
0 O
wherein wherein R, , 1s selected from the group consisting of

hydrogen, alkyl ._,, substituted alkyl ._,,, alkoxy
(c=4) and substituted alkoxy c.4);

[0018] R, 1sselected from the group consisting of hydro-
gen, alkyl -4, substituted alkyl ._,, alkoxy .4, and
substituted alkoxy .4,; and

[0019] R, 1sselected from the group consisting of hydro-

)_L gen, halogen, alkyl .,,, substituted alkyl .., alkoxy

(c=a)> Substituted alkoxy .

O
v, :

N—g—, %]\ and
% N

H
O
O
[0013] randt are each independently O or 1; or

HN)J\NH.
[0014] R, and R; taken together form the following moi-
ety: %
linker
S
O

Y/ \ [0020] In some embodiments, the compound 1s:
N

- O
O

[0015] wherein R ; 1s selected from the group consisting, N

of hydrogen, halogen, alkyl _,,, substituted alkyl ., _>

HN Or
(AN <\ /
/
N

[0012] R, and R are each independently selected from the
group consisting of hydrogen, alkyl ._,,, substituted alkyl
(c=ay> AKOXY 4, substituted alkoxy ., and

linker

and

alkoxXy .4, substituted alkoxy .._,, and a label;

[0016] R, R, and R,-R,; are each independently
selected from the group consisting of hydrogen, halo-

gen, alkyl -4, substituted alkyl .., alkoxy .4, sub- \\ /:

stituted alkoxy .4, and
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-continued

e-O-4
NU.

[0021] In some embodiments the compound 1s any of the
compounds disclosed 1n section I1I below, entitled “Wnt Pro-
tein Signalling Inhibitors.”

[0022] In some embodiments, the present mvention pro-
vides a method of inhibiting Wnt protein signalling 1n a cell
comprising administering to the cell an effective amount of a
compound of formula (I):

(D

wherein: R, 1s selected from the group consisting of

O R
HN R,
R4 Rs
) [
N7 XY 7 0
N N
O)\/}\/\I_r\/ﬁl{
O
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-continued

wherein R, and R are each independently selected from the
group consisting of hydrogen, alkyl ._,,, substituted alkyl
(c=ay AKOXY 4, substituted alkoxy .4, and

O

X

HN NH,

linker

and r and t are each independently O or 1, or

R, and R taken together form the following moiety:

wherein R, ; 1s selected from the group consisting of hydro-
gen, halogen, alkyl .., substituted alkyl .4, alkoxy c.4).
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substituted alkoxy .4, and a label; R4, R, and Ry-R, | are
cach independently selected from the group consisting of
hydrogen, halogen, alkyl .4, substituted alkyl ._,,, alkoxy
(c=4) Substituted alkoxy .4, and

linker

and R, , 1s selected from the group consisting of

CN ‘

wherein R, , 1s selected from the group consisting of hydro-
gen, alkyl -4, substituted alkyl ., alkoxy .4, and substi-
tuted alkoxy .4y; R, 1s selected from the group consisting of
hydrogen, alkyl .., substituted alkyl _,,. alkoxy .4, and

substituted alkoxy .4y, and R; 1s selected from the group

consisting of hydrogen, halogen, alkyl .., substituted alkyl
(c=ay AIKOXY (4, substituted alkoxy .4,

e A 0

O

HN)J\ NH.
linker
S
O

Moreover, this or any other method regarding a cell may take
place wherein the cell 1s 1n vitro, or wherein the cell 1s 1n vivo.

Dec. 31, 2015

[0023] In certain embodiments, a method of the present
invention (€.g., a method of inhibiting Wnt protein signalling
in a cell) may be further defined as a method of inhibiting Wnt
response.

[0024] In certain embodiments, such as but not limited to

methods of inhibiting Wnt response, a compound of formula
(I) may be further defined as a compound of formula (II):

(1)

Rie

wherein: R ; 1s selected from the group consisting of

/N
-
R/ \R
Y Y

| b
O)\/l\/N \}{

O , and

X

‘ |
SUORE

\/N\H/N\/

R>3

O

wherein: R, and R are each independently selected from
the group consisting othydrogen, alkyl ~_,,, substituted alkyl
(c=4) alKOXY o4y, substituted alkoxy .4, and

linker
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D
or R,- and R, 4 taken together form the following moiety: R, 1s selected from the group consisting of
PN
CN ‘
(/ \ R24/ \N/ \N
Ro4
N=— ,J o F

d
wherein R, 1s selected trom the group consisting of hydro- .

gen, halogen, alkyl ., substituted alkyl .4, alkoxy .4
substituted alkoxy .4, and a label; R, and R, are each
independently selected from the group consisting of hydro-
gen, halogen, alkyl .., substituted alkyl .4, alkoxy c.4)
substituted alkoxy .4, and

wherein R, 1s selected from the group consisting of hydro-

gen, alkyl .4, substituted alkyl .4y, alkoXy .4, substi-
tuted alkoxy .4; and R | 4 1s selected from the group consist-
ing of hydrogen, alkyl ._4,, substituted alkyl ..

O

N : O
SN - - Y.

In particular embodiments, the compound of formula (1I) may
be further defined as any one or more of the following:

OOy OO

: paty O YeYeN
SN/ \_/ HN_<\ }

O \ 7/ s
@EE%\ HN«—%
PO~ A
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-continued

SO:K,

)\/I\/N N

O

T
X 0O

CN ‘

NN N an

T
R A 0O

[0025] In certain embodiments, a method of the present wherein: R, 1s alkyl ._,,, substituted alkyl ._,,, alkoxy .
invention (e.g., a method of inhibiting Wnt protein signalling) or substituted alkoxy .,,: and R4 1s selected from the group
may be further defined as a method of inhibiting Wnt protein consisting of

production. For example, a method of inhibiting Wnt protein

production in a cell may comprise administering a compound

of formula (I) to the cell. In certain embodiments, the com- = /
pound of formula (I) may be further defined as a compound of ‘
tormula (III): XN N

(I11)

/z{\)\ i)

=
A
S Ny
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R—continued wherein R,--R;,, R,,, and R,  are each independently
28a

selected from the group consisting of hydrogen, halogen,

alkyl .4y, substituted alkyl .4, alkoxy .4, substituted

alkoxy .4 and

linker

and r and t are each independently 0 or 1. In certain embodi-
ments, the compound of formula (111) 1s further defined as any
one or more of the following:

A AN L.
et \/I : k[)
B Ny o. /NYN\[(\S/]\N/ |
atm
\ )=

Z

5 /\ F
AN

OCHj,

X

. (I
g g o X -
DN W - T\S)\J;D
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-continued

/
\

S H ‘
O ™ N S
S s
S N
/ N\ & 0o
/ ‘ /OCH%
A \N S

[0026] In certain embodiments, the compound of formula _continued
(I) 1s further defined as a compound of formula (IV): Rosga
AN
(1V) ‘ =
R272 7 O
( {
\N%
3 PN
S N
and
R34 R3s
O
S
L
;71{\ );Ujo
S N

wherein R,;-R;; are selected trom the group consisting of
hydrogen, halogen, alkyl .4, substituted alkyl ..., alkoxy
(c=4y Substituted alkoxy ., and

O

X

HN NH

OO |
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and t1s O or 1; and R, 1s selected from the group consisting

of

ot

R38

wherein R, R, are selected from the group consisting of
hydrogen, halogen, alkyl ._,,, substituted alkyl ._,,, alkoxy
(c=4) a0d substituted alkoxy ..

[0027] Labels employed in methods, compounds and com-
positions of the present invention may be any type known to
those of skill in the art. For example, a label may be further
defined as comprising biotin, such as the following:

linker

Alternatively, the label may comprise a fluorophore, such as
the following:

SO;K.
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[0028] Inanother aspect, the present invention provides the
compounds:

-0«

[0029] In yet another aspect the present invention provides
compounds of formula (V) or formula (VI):

N\\ / and

N\ /7

o (V)
:X(:EN_Q ) !}\; _
AN \ 2.
o : (VD)
aate

wherein for either formula:

[0030] R, and R, when taken alone, are each indepen-
dently:
[0031] hydrogen, hydroxyj halo, amino, nitro,

hydroxyamino, cyano, azido or mercapto; or

[0032]  alkyl .5y, alkenyl_,,), alkynyl ., aryl
«c=12) aralkyl..,.,, heteroaryl .,,,, heteroaralkyl
(C=12)3 alkOXY(Cg 12)s alkenYIOXY(Cg 12)3 alkynyloxy

(C=12); aryloxy(cﬂlz),, aralkoxy(cﬂlz), heteroarylgxy
(c=12) heteroaralkoxy ..,y acyloxy c.»,, alkylamino

(cs12) dialkylamino ... | alkoxyamino 12);
alkenylamino..,,,, alkynylamino..,,, arylamino
(C=12)3 aralky}amino( Cz12)s .heteroarylamino( C=12) het-
eroaralkylamino .,,,, amimo..,,, or a substituted
version of any of these groups; or

[0033] R, and R,, when taken together, are alkanediyl .
12), alkenediyl ,_,,,, or a substituted version ot either ot
these groups.
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[0034] In some embodiments, R, and R, when taken _continued
together are: " O
=\ |
O
N4< >—S{" —
‘\%“, HN OMe,
; N )
\ 7/ 0
[0035] In other embodiments, R, or R, 1s halo. In some N \ —
varations, R, or R, 1s bromo. In other embodiments, R, or R, N \ /
1s alkoxy c.¢), for example, R, or R, can be methoxy. H O
Examples of compounds provided by the present invention N/
include: \ / ’
H O

antave

H ) MeO/
C‘)/}O — ! N o o —
WOy UO<

OMe, OMe, or
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-continued

WO

[0036] In another aspect, the mvention provides a method
of inhibiting Wnt protein signalling 1n a cell comprising
administering to the cell an effective amount of a compound
of either formula (V) or formula (VI):

OMe.

o (V)
~ )< =\
- \ A,
o b (VI)
N\ N\
H 04<\ / \\N4<\; _//QRZ

wherein for either formula:

[0037] R, and R, when taken alone, are each indepen-
dently:
[0038] hydrogen, hydroxy, halo, amino, nitro,

hydroxyamino, cyano, azido or mercapto; or

[0039] alkyl(Cg 12)s alkenyl (C=12)> EllkYIlYl(CE 12)s Ell'y1
(c=12) aralkyl ..., heteroaryl ._,,, heteroaralkyl
(cs12y AKOXY(coy0), alkenyloxy c.,, alkynyloxy

(C=12)» aryloxy((?ﬂ 12)s ElI'EllkOXY(CE 12)s heteroaryloxy
(C=12)3 heteroaralkoXy c. 2, acyloxy i 2),

alkylamino ., 2 dialkylamino . »,, | alkoxyamino
(c=12y alkenylamino ., ,,, alkynylamino ._,,,, ary-
lamino . ,,,, aralkylamino ,.,,,, heteroarylamino
(c=12y heteroaralkylamino ..,,,, amido . ,,, or a
substituted version of any of these groups; or
[0040] R, and R,, when taken together, are alkanediyl
(c2-12y, alkenediyl -, ,,,, or a substituted version of
either of these groups.
[0041] In some embodiments, the cell 1s 1n vitro. In other
embodiments, the cell 1s 1n vivo. In some embodiments, the
method of inhibiting Wnt protein signalling 1s further defined
as a method of inhibiting Wnt response. In some embodi-
ments, the method further comprises one of the specific com-
pounds described above.
[0042] Methods of treatment are also contemplated by the
present 1nvention. Such methods may employ any com-
pounds of the compounds described herein. For example,
such methods may employ compounds of formulas (A) and
(D)-(VI1), described above and below. For example, the present
invention contemplates a method of treating cancer 1 a
patient comprising administering to the patient an effective
amount of a compound of formula (A) or any of 1ts sub-

11
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generic formulas (1), (II), (III), and/or (IV). Similarly, the
present invention contemplates a method of treating cancer in
a patient comprising administering to the patient an effective
amount of a compound of formula (V) or (V1) or any of their
sub-generic formulas. The specific compounds described
herein are also contemplated in methods of treating cancer.
For example, this includes any of the compounds disclosed 1n
section III below, enftitled “Wnt Protein Signalling Inhibi-
tors.”

[0043]
prostate cancer. Methods of treating cancer may also further

The cancer may be colorectal, breast, liver, lung, or

comprise admimstration of a chemotherapeutic, radiation
therapy, immunotherapy, hormone therapy, toxin therapy, or
gene therapy: such additional methodologies are well-known
in the art. Methods of administration may include intrave-

nously, intradermally, intraarterially, intraperitoneally,

intralesionally, intracranmially, intraarticularly, intraprostati-
caly, intrapleurally, intratracheally, intranasally, intravitre-

ally, intravaginally, intrarectally, topically, intratumorally,
intramuscularly, subcutaneously, subconjunctival, intrave-
sicularlly, mucosally, intrapericardially, intraumbilically,

intraocularally, orally, locally, via inhalation, via injection,
via infusion, via continuous infusion, via localized perfusion
bathing target cells directly, via a catheter, via a lavage, in
cremes, 1n lipid compositions, or any combination thereof.
Dosages may include, e.g., about 1 ug/kg to about 100 mg/kg,
or any range derivable therein.

[0044] In any method described herein, the compounds
disclosed herein may be combined with a pharmaceutically
acceptable carrier, diluent, and/or excipient 1n a pharmaceus-
tical composition.

[0045] As noted above, pharmaceutical compositions are
contemplated by the present mvention. In certain embodi-
ments, a pharmaceutical composition comprising a pharma-
ceutically acceptable carrier, diluent, and/or excipient and
any one or more of the following compounds 1s contemplated:

e
@igw%\ S
L Qo LD

O)\)\/NTN\/O/M\H
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-continued -continued
OCH,

[0046] Another general aspect of the present invention con-
templates a method of treating or preventing osteopetrosis in
a patient comprising administering to the patient an effective
amount of a compound disclosed herein. Such methods may
further comprise administration of a second osteopetrosis-
treating agent or a second osteopetrosis-preventing agent.
Admuinistration of the compound of interest may take place
via a route selected from the group consisting of intrave-
nously, intradermally, intraarterially, intraperitoneally,
intralesionally, intracranially, intraarticularly, intranasally,
topically, intramuscularly, subcutaneously, intraumbilically,
orally, locally, via inhalation, via injection, via infusion, via
continuous infusion, via localized perfusion bathing target
cells directly, via a catheter, 1n cremes, 1n lipid compositions,
or any combination thereol. Dosage amounts may range
‘ between, for example, about 1 ug/kg to about 100 mg/kg, or

OCH;

\/\N S

/
)

’ any range derivable therein.

H
N\ N\IK\S \N [0047] Also contemplated by the present invention are
\]/ methods of treating a degenerative disease 1n a patient com-
O prising administering to the patient an effective amount of a
compound disclosed herein. The degenerative disease may

be, for example, type 11 diabetes or age-related impairment of
tissue repair. Methods may further comprise administration

N\ o ol a second agent to treat the degenerative disease. Methods

‘ of administration may be selected from the group consisting

P . . of intrajfenous!y, intraglermallyj. intra:?rteriall‘y,, intrap.erito-

neally, intralesionally, intracranmially, intraarticularly, intra-

H ‘ " prostaticaly, intrapleurally, intratracheally, intranasally, intra-

N\ N\’(‘\S \N vitreally, intravaginally, intrarectally, topically,

\r intramuscularly, subcutaneously, subconjunctival, intrave-

/ \ S O sicularlly, mucosally, intrapericardially, intraumbilically,

intraocularally, orally, locally, via inhalation, via injection,
/ via infusion, via continuous infusion, via localized perfusion
bathing target cells directly, via a catheter, via a lavage, in
cremes, 1n lipid compositions, or any combination thereof.
Dosage amounts may range between, for example, about 1
N ug/kg to about 100 mg/kg, or any range derivable therein.
‘ [0048] Also disclosed herein are methods of treating type 11
)y diabetes 1n a patient comprising administering to the patient
O an effective amount of a compound disclosed herein. Such
)‘\ methods may further comprise administration of a second
N D agent to treat diabetes. Methods of administration may be
- ‘ or selected from the group consisting of intravenously, intrad-
N N )\ P ermally, 1ntraarterially, intraperitoneally, intralesionally,
Y \ﬂ/\s N intracranially, intraarticularly, intraprostaticaly, intrapleu-
S O rally, intratracheally, intranasally, intravitreally, intravagi-
nally, intrarectally, topically, intramuscularly, subcutane-
ously, subconjunctival, intravesicularlly, mucosally,
intrapericardially, intraumbilically, intraocularally, orally,
locally, via inhalation, via injection, via infusion, via continu-
ous infusion, via localized perfusion bathing target cells
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directly, via a catheter, via a lavage, 1n cremes, 1n lipid com-
positions, or any combination thereof. Dosage amounts may
range between, for example, about 1 ug/kg to about 100
mg/kg, or any range derivable therein.

[0049] It 1s specifically contemplated that any limitation
discussed with respect to one embodiment of the invention
may apply to any other embodiment of the invention. Further-
more, any composition of the imvention may be used 1n any
method of the invention, and any method of the invention may
be used to produce or to utilize any composition of the inven-
tion.

[0050] Other objects, features and advantages of the
present 1nvention will become apparent from the following
detailed description. It should be understood, however, that
the detailed description and the specific examples, while indi-
cating preferred embodiments of the mvention, are given by
way of 1llustration only, since various changes and modifica-
tions within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] The following drawings form part of the present
specification and are included to further demonstrate certain
aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in
combination with the detailed description of specific embodi-
ments presented herein.

[0052] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the neces-

sary iee.
[0053] FIG. 1. Identification of small molecule antagonists

of the Wnt/O-catemin signal transduction pathway. A ~200K
chemical library from U.T. Southwestern (Dallas, Tex.)
(UTSW) was screened using a cell line with constitutive
Wnt/B-catenin pathway activity maintained by cell-autono-
mous Wnt3 A protein production (L-Wnt-STF cells; Primary
screen). Potential Wnt/pB-catemin pathway antagonists were
identified using a stably transfected Wnt-responsive firetly
luciferase (FL) and control Rerilla luciferase (RL) reporters.
Approximately 1% of the compounds 1n the library that were
scored as hits was tested again 1n a dose-dependent manner to
identily the most potent compounds with minimal cellular
toxicity (Dose-dependent test). Compounds that abrogated
FL activity possibly by directly inlibition of FL activity, or
that generally blocked cellular secretion of proteins were
removed (FL inhibitor and exocytosis test). To separate com-
pounds that either inhibit Wnt/[3-catenin pathway response or
Wnt3A protein production, compounds were tested 1n
HEK?293 cells using the same assay as described 1n the Pri-
mary screen with the exception that exogenous Wnt3 A pro-
tein (provided m conditioned medium) was used to stimulate
pathway response (Exogenous Wnt test). Compounds that
retained their anti-pathway activity 1n this test were consid-
ered Inhibitors of Wnt response (IWRs), whereas those that
did not were considered Inhibitors of Wnt production (IWPs).
Compounds from both categories were tested for eflects on
two other signal transduction pathways (the Hh and Notch
pathways) using cultured cell-based assays similar to those
used to 1dentily Wnt/3-catenin pathway antagonists (Hh and
Notch pathway tests). Hh and Notch pathways were activated

using either Shh or an activated Notch (NICD) cDNA con-
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structs, respectively. Those compounds that minimally
impacted these two pathways were considered to have spe-
cific activity for the Wnt/3-catenin pathway. Lastly, IWPs
were directly tested for their ability to inhibit Wnt3 A protein
secretion (Wnt secretion test; see FIG. 9). Criteria for select-
ing hits are provided 1n FIG. 1. In the end, five IWRs and four
IWPs with high specificity for attacking the Wnt/{3-catenin
pathway were selected for further analysis (FI1G. 9). Concen-
tration of compounds used 1n each test 1s noted. Insets show
schematics of assays used 1n the screen and secondary tests
with the utility of each luciferase read-out.

[0054] FIG. 2. Chemical structure and potency of IWR and
IWP compounds. FIG. 2A. Structure and potency of IWR
compounds. Two IWR compounds that differ by only a single
methyl group and that share similar IC50’s (as determined in
L-Wnt-STF cells; upper right of graphs) were designated
Class I compounds. The remaining three IWRs which share
structural similarity (see also FIG. 10) were designated Class
II compounds. FIG. 2B. Structure and potency of IWP com-
pounds. All IWP compounds share structural similarity and
IC50’s with IWPs 2-4 sharing the same core structure (IWP-
2) and differing only by either the presence of an additional
fluoro or methoxy adduct (IWP-3 and IWP-4, respectively).

[0055] FIG. 3. Biochemical evidence for Wnt/O-catenin
pathway inhibition by IWR and IWP compounds. L-Wnt-
STE cells that exhibit constitutive Wnt pathway activation
were mcubated with IWR (10 mM) and IWP (5 mM) com-
pounds for 24 hrs prior to lysis. Cellular lysates were sub-
jected to Western blot analysis to determine levels of LRP6
and Dv12 phosphorylation, and 3-catemin accumulation, all
biochemical events associated with Wnt/-catenin pathway
activity. Predictably, IWPs blocked all three biochemical
events, whereas IWRs appear to block p-catenin accumula-
tion without affecting LRP6 and Dvl2 phosphorylation.
Kif3A and tubulin serve as loading controls. Wild-type
L-cells stimulated with exogenous Wnt3 A protein provided
in conditioned medium exhibit similar biochemical changes
in Wnt pathway components as that observed 1n the L-Wnt-

STF cells.

[0056] FIGS. 4A-G. IWP compounds target the Porcupine
O-acyltransferase. FIG. 4A Overexpression of the O-acyl-
transierase Porc but not the Wnt chaperone Evi counters the
cifects of IWP compounds on Wnt/p-catenin pathway activ-
ity in HEK293 cells. Wat/3-catenin pathway activity was
measured using the STF reporter as before 1n a 24 hr assay.
FIG. 4B. Overexpression of Porc reverses the block in Wnt
protein secretion imnduced by IWP compounds. Decreased
cellular secretion of Wnt protein as measured using a Wnt3 A-
(raussia luciferase fusion protein (see FIG. 1 and FI1G. 9) that
1s decreased 1n IWP-treated cells 1s restored to control levels
upon overexpression of Porc. FIG. 4C. IWP compounds
inhibit lipidation of Wnt3A 1n a Porc-dependent manner.
Lipidated Wnt3 A protein, found 1n the detergent fraction of
an established phase-separation assay used to detect modified
Wnt proteins, 1s absent in IWP-treated cells. In cells overex-
pressing Porc, detergent-soluble Wnt3 A 1s retained even in
the presence of IWP-2. FIG. 4D. IWP compounds do no
inhibit lipidation of ShhIN protein. Using the same phase
separation assay 1n FI1G. 4C, no change in levels of detergent-
soluble ShhIN protein are observed 1n cells treated with an
IWP compound. Note the slowest migrating form of ShhIN
(arrow) 1s absent 1n samples with ShhNC25S (which cannot
be palmitoylated). FIG. 4E. Structure of biotinylated IWP-2
and 1ts association with Porc. In order to generate an IWP-2
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compound that could be aflixed to a streptavidin-based solid
support for biochemical studies (IWP-PEG-Biotin; see FIG.
13 for synthetic scheme), a linker and biotin group were
attached to IWP-2 atthe para position 1n the phenyl group that
can likely accommodate modifications without atfecting
interaction with target protein (left; see FIG. 2C, IWP-3.4).
Biotinylated IWP-2 or the control PEG-biotin group bound to
streptavidin-coated sepharose beads was incubated with cel-
lular lysate containing myc epitope-tagged Porc protein in the
presence or absence of unmodified IWP-2 (right). Porc-Myc
binding to IWP-2-beads can be competed with soluble
unmodified IWP, as determined by Western blot analysis of
material bound to beads. F1G. 4F. Model of IWP action. IWPs
inhibit Porc function thereby rendering Wnt proteins non-
functional.

[0057] FIGS. 5A-H. Stabilization of the Axin2 destruction
complex by IWR compounds. FIG. 5A. IWR compounds
block p-catenin accumulation induced by loss of APC tumor
suppressor. Accumulation ol p-catenin protein 1n mouse
L-cells treated with APC siRNAs can be blocked by IWR-1.
FIG. 5B. IWRs block aberrant Wnt/[3-catenin pathway activ-
ity 1n the colorectal cancer (CRC) cells. Aberrant Wnt/[3-
catenin pathway activity in DLD-1 cells, CRC cells which
harbor a loss-of-function mutation in APC, 1s abrogated by
IWR compounds. Pathway activity was monitored using the
STF reporter and normalized to RL control reporter as before.
FIG. 5C. IWRs induce accumulation of Axin2 protein. West-
ern blot analysis of proteins involved 1n regulating 3-catenin
levels in DLD-1 cells reveal accumulation of Axin2 protein in
cells treated with IWR compounds with little change 1n
expression levels of other pathway components. Note that the
APC protein 1s truncated 1n these cells. FIG. SD. Levels of
B-catenin 1n CRC cells available for Wnt response are
decreased 1n the presence of IWR compounds. Depletion of
3-catenin bound to E-cadherin receptor proteins reveals lev-
¢ls of B-catenin available for Wnt pathway response 1n cells
are decreased 1n cell treated with IWR. FIG. SE. IWR stabi-
lizes Axin2 protein. Rapid destruction of Axin2 protein 1s
apparent 1n DLD-1 cells treated with the protein synthesis
inhibitor cycloheximide. Cells treated with both cyclohexim-
ide and IWR-1 exhibit little turn-over of Axin2, suggesting
that IWR compounds prevent destruction of Axin2 rather than
induce 1ts expression. FIG. SF. Structure of biotinylated
IWR-1 (IWR-1-PEG-B). FIG. 5G. Axin2 interacts with IWR -
1-PEG-B. Lysates dertved from cells transfected with either a
control, Axin2, or Axin2 lacking the DA X C-terminal domain
(Axin2ZADAX) expression construct were incuabed with
IWR-1-PEG-B, strepavidin agarose beads, and either DMSO
or IWR-1. FIG. SH. A proposed model of IWR action. Addi-
tion of IWR to cells induces stabilization of Axin2 protein
with consequential increase in p-catenin destruction.

[0058] FIGS. 6A-C. Chemical inhibition of the Wnt/[3-
catenin pathway in regeneration and cancer. FIG. 6 A. IWR-1
prevents caudal fin regeneration in zebrafish. Adult zebrafish
with resected caudal fins were placed 1n water containing
DMSO carrier or IWR-1 (10 uM) for four days with replen-
1Ishment of water and compounds every day. Consistent with
inhibition of Wnt/[3-catenin pathway response by IWR-1, fish
treated with IWR-1 but not DMSO failed to regenerate fin
tissue. Length of regenerated tissue 1s indicated by bar. FIG.
6B. IWR-1 blocks normal homeostatic renewal of the GI
tract. Representative histological sections of mid-intestinal
tissue from fish treated with carrier or IWR-1 (10 uM) for 8 or
14 days, then stained either with hematoxylin and eosin
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(H&E) or for BrdU 1incorporation. Loss of BrdU-labeled cells
in the base of intestinal folds 1n IWR-1-treated fish (8 days;
arrows ) 1s followed by gross changes 1n intestinal tissue archi-
tecture after prolonged chemical exposure (14 days). FIG.
6C. Quantification of BrudU-labeled cells in the intestinal
tract of control or IWR-1-treated fish. Histological sections as
seen 1n FIG. 3B (middle column) were scored for the percent-
age of intestinal folds that contain BrdU-labeled cells. Four
independent scorers analyzed sections from eight fish either
from control and IWR-1 treated groups. Ratios provided rep-
resent the number of BrdU-labeled cells 1n the numerator and
the number of 1ntestinal folds scored 1n the denominator.

[0059] FIGS. 7A-D. Chemical inhibition of Wnt-mediated
cellular responses 1n cancer. FIG. 7A. Growth-inhibitory
elfects of IWR and IWP compounds on cancerous cells. Cells
derived from either lung or colon cancer, with known molecu-
lar changes that result 1n aberrant Wnt pathway response,
were treated with increasing concentrations of either IWR-4
or IWP-1 for 6 days with medium and compounds replen-
ished daily. Cell viability was measured using Cell-Titer Glo
assays. F1G. 7B. Biochemical changes of Wnt pathway com-
ponents 1in cancerous cells treated with either IWR or IWP
compounds. Lysates from H460, or DLD-1 cells were treated
with IWR or IWP and Western blotted for either Dv12, Axin2,
Axinl, or Actin. Whereas both cell lines express Axin2,
Axin2 expression 1s absent in H460 cells. FIG. 7C. Genetic
evidence for non-f-catenin dependent Wnt-mediated signal-
ling 1 cancerous cells. Targeting of Porc using RNA1 1n lung
cancer or CRC cell lines results 1n loss of clonal density cell
growth whereas targeting [3-catenin with a similar approach
altered growth in only the DLD-1 cells. FIG. 7D. Inhibition of
ligand-dependent and -independent Wnt pathway activites
with IWR and IWP compounds: a proposed mechanism.
Based on the proposed mechanism of action as shown 1n FIG.
7D, IWP and IWR compounds may inhibit pathway response
that 1s driven 1n a ligand-dependent manner. Additionally,
IWR compounds may block ligand-independent pathway
responses such as those induced by loss of APC 1n colorectal
cancer cells.

[0060] FIG. 8. Criteria used to 1dentify hits in the screen.
Flow diagram of screening process to identily chemical
inhibitors of Wnt/3-catenin pathway activity as shown 1n
FIG. 1 except with criteria used to 1dentily compounds of
interest noted 1n each step.

[0061] FIGS.9A-C.IWR and IWP compounds specifically
inhibit the Wnt/f-catenin pathway. FIG. 9A. Summary of
results relating to IWR and IWP compounds from the screen-
ing process. Wnt pathway tests were performed in either cells
responding to autonomously-produced Wnt protein (L-Wnt-
STFE cells) or exogenously provided Wnt 1n conditioned
medium (HEK293 cells). FIG. 9B. IWP compounds inhibit
Wnt3 A secretion. Left: schematic of Wnt-Gaussia luciferase
(Wnt-GL) fusion protein used to momtor levels of secreted
Wnt protein 1n the cell medium. Right: levels of Wnt-GL but
not GL secreted from cells treated with IWP compounds are
decreased as compared to cells treated with carrier. The Wnt-
GL protein elicits levels of Wnat/[3-catenin pathway response
similar to that of Wnt3a protein (data not shown). FIG. 9C.
IWR and IWP compounds generally imnhibit Wnat/3-catenin
pathway response induced by Wnt proteins. Pathway activity
induced by Wntl, Wnt2, or Wnt3a, and monitored using the
STF reporter, 1s decreased 1n cells treated with either IWR-1
or IWP-2. FL activity was normalized to control RL activity
as before.
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[0062] FIG.10. IWR 3-5 share structural similarity. Three
dimensional representation of IWRs 3-5 i equilibrium
geometry using AM1 semi-empirical methods reveals simi-
larities 1n structure. All three structures are superimposed on
the right.

[0063] FIGS. 11A-B. Synthetic scheme for IWP-2 and
IWP-PEG-Biotin. Synthetic routes for IWP-2 (FIG. 11A)and
IWP-PEG-Biotin (FIG. 11B) are shown.

[0064] FIGS. 12A-G. Synthetic scheme for IWR-1, IWR-
1-PEG-B, and IWR-Cy3 compound. FIG. 12A. Synthetic
route for IWR-1. Endo and exo diastereomers result depend-
ing on the starting material. F1IG. 12B. Diagram of endo and
exo IWR-1 structures. FIG. 12C. Normalized data regarding
endo and exo IWR-1 on Wnt pathway response. FIG. 12D.
Synthetic scheme for IWR-Cy3. FIG. 12E. Synthetic scheme
for IWR-1-PEG-B. FIG. 12F. IWR-Cy3 and IWR-1-PEG-B
retains activity against the Wnt/f3-catenin pathway as mea-
sured using L-Wnt-STF cells. FIG. 12G. IWR-Cy3 and IWR-
1-PEG_B, like their parental compound IWR-1, inhibit accu-
mulation of [3-catenin in L-Wnt cells.

[0065] FIGS.13A-C. A second-generation IWR compound
with increased metabolic stability. As part of a search for
IWR-related compounds with either greater potency or more
favorable pharmacokinetic parameters that those observed
for IWR-1, two (IWR-6 and IWR-7; FIG. 13A) were 1denti-
fied that retain ability to inhibit Wnt/f3-catenin pathway
response (FIG. 13B). One of these (IWR-7) also has a greater
half-life than IWR-1 as measured using a hepatocyte co-

culture assay (FIG. 13C).

[0066] FIGS. 14A-C. Characterization of IWP action and
specificity. FIG. 14 A. IWP-2 does not induce destruction of
Porcn. Levels of overexpressed Porcn increase in the pres-
ence ol IWP-2. FIG. 14B. IWP-2 does not appear to alter
localization of Porcn. FIG. 14C. Chemical structure and
activity of several compounds related to IWP-2. IWP-2-v2
retains activity against the Wnat/[3-catenin pathway as mea-
sured using the STF reporter (right), whereas IWP-2-v1 and
v3 do not.

[0067] FIGS. 15-24. 'H-NMR Spectra for Inhibitors of
Wnt Response.

[0068] FIG. 15 corresponds to compound IWR-8.

[0069] FIG. 16 corresponds to compound IWR-9.

[0070] FIG. 17 corresponds to compound IWR-10.

[0071] FIG. 18 corresponds to compound IWR-11.

[0072] FIG. 19 corresponds to compound IWR-12.

[0073] FIG. 20 corresponds to compound IWR-13.

[0074] FIG. 21 corresponds to compound IWR-14.

[0075] FIG. 22 corresponds to compound IWR-15.

[0076] FIG. 23 corresponds to compound IWR-18.

[0077] FIG. 24 corresponds to compound IWR-19.

[0078] FIG. 25. Inhibition of Fin Regeneration in Zebrafish

by IWRs. Arrows indicate the points of resection. The mini-
mum inhibitory concentration of IWR-1 1s 0.5 uM. Only

partial inhibition of fin regeneration was observed with mod-
crate 1nhibitors 13 and 43. The weak inhlibitor 17 only
retarded the growth of the tail fin (picture not shown).

DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

(Ll

[0079] Small molecules that target Wnt-dependent signal
transduction pathways, such as the Wnt/3-catemin pathway,
have been identified. These small molecules reveal chemi-

cally-sensitive regulatory mechanisms within these signal
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transduction pathway that may be exploited by pharmaco-
logical means for medical use, such as regenerative and anti-
cancer therapy.

[. THE WN'T SIGNAL TRANSDUCTION
PATHWAYS

[0080] The Wnt gene family encodes secreted ligand pro-
teins that serve key roles in differentiation and development.
This family comprises at least 15 vertebrate and invertebrate
genes including the Drosophila segment polarity gene wing-
less and one of its vertebrate homologues, integrated from
which the Wnt name derives. As noted above, the Wnt pro-
teins appear to facilitate a number of developmental and
homeostatic processes.

[0081] The Wnt signalling pathways comprises a number
of proteins mvolved 1n the transduction of cellular responses
to secreted Wnat/wingless signalling proteins. Wnt proteins
that control “non-canonical” pathways, such as the Wnt/cal-
cium and planar cell polarity pathways, induce cellular
responses that are not-dependent upon [3-catenin. In the Wnt/
B-catenin pathway, the Frizzled receptor then activates
Disheveled protein, which blocks the inhibiting action of
Zeste-white-3 kinase (or GSK3[ 1n vertebrates, Glycogen
Synthase Kinase-3 ) upon the Armadillo protein (a p-catenin
protein). The pB-catenin protein transduces the Wnt signal
from the cytoplasm to the nucleus. In the absence of Wnt
signalling, [3-catenin 1s constitutively degraded by the protea-
some and can be found in a multimeric complex with con-
ductin (or axin), APC (Adenomatous Polyposis Col1) and
GSK3p. APC mediates the binding of 3-catenin to conductin
and serves to activate the conductin protein. Conductin acts as
a scaffold to assemble the components of the degradation
pathway of 3-catenin. GSK3[3, a serine/threonine Kkinase,
phosphorylates p-catenin, thus stimulating its degradation by
the proteasome.

[0082] Upon Wnt signalling, GSK3[5 kinase 1s inactivated,
leading to stabilization of the 3-catenin protein. 3-Catenin 1s
then released from the multimeric complex and translocates

into the nucleus. Once 1n the nucleus, p-catenin interacts with
the LEF/TCF (Lymphoid Enhancer Factor/T-Cell Factor)

family of HMG (High Mobility Group) box transcription
tactors. The LEF/TCF factors are stimulated through interac-
tion with [3-catenin to become potent transactivators of a
number of genes including c-myc and cyclin D1.

II. THERAPEUTIC IMPLICATIONS OF
WNT-CONTROLLED SIGNAL TRANSDUCTION
PATHWAYS

[0083] Asnoted above, evidence suggests that targeting the
Wnt-mediated signal transduction pathways would be thera-
peutically useful 1n a broad range of diseases (Barker and
Clevers, 2006) (Veeman et al, 2003). Aged mice or mice that
exhibit premature stem cell senescence that are treated with
extracellular protein inhibitors of Wnt pathways exhibit
improved regenerative capacity in various tissues (Brack et
al., 2007; L1u et al., 2007). Mutations leading to constitutive
activation ol the Wnt pathway are critical events 1n a variety of
human cancers including colon cancer, melanoma, hepato-
cellular carcinoma and others. The end result of constitutive
actvation of the Wnt/p-catenin pathway 1s a dramatic
increase in the level of p-catenin protein 1n the cytoplasm.
Inappropriate stabilization of p-catenin, leading to increased
levels of the protein, can be caused by mutations 1n a variety
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of proteins 1n the Wnt signalling pathway. Blockade of the
Wnt/p-catenin pathway 1n a variety of cancers using either
genetic or chemical approaches been shown to abrogate aber-
rant cell growth (Barker and Clevers, 2006). Furthermore,
inhibition of this pathway may directly influence the cells that
sustain cancer cell growth and enable metastasis, and that are
thought to be resistant to traditional chemotherapeutic agents
(Ailles and Weissman, 2007).

[0084] The pervasive mfluence of the Wnt proteins in tissue
homeostasis and tumorigenesis suggests areas such as regen-
crative medicine and anti-cancer therapy may benefit from
therapies that target this pathway. Achieving transient repres-
s1on of pathological Wnt response without incurring perma-
nent damage to normal stem cell function 1s a key anticancer
therapeutic goal. We tested for the ability of zebrafish to
resume regenerative processes lfollowing a chemically
induced blockade of fin regrowth. Fish with resected caudal
fins that were bred in water containing IWR-1 for 7 d were
able to regenerate tissue to nearly normal levels after chemi-
cal removal, which suggests that transient inhibition of Wnt/
3-catenin response does not permanently alter the ability of
stem cells to self-renew (FIG. 6a).

[0085] Aberrant Wnt-mediated pathway responses, sus-
tained by genetic changes that result either 1n altered Wnt
ligand activity or 1n altered functioning of pathway regula-
tors, have been associated with a broad range of cancers. See
Clevers, 2006 and Polakis, 2007, both of which are incorpo-
rated herein by reference. Notably, more than 90% of colorec-
tal cancer (CRC) tumors harbor a loss-of-function mutation
in APC, a suppressor ol the Wnt/b-catenin pathway. See Sjob-
lom et al., 2006, which 1s incorporated herein by reference.
The ability of IWR compounds to stabilize Axin proteins and
induce p-catenin destruction even in the absence of normal
APC protein function suggests that they may block aberrant
cell growth supported by hyperactivation of Wnt/3-catenin
responses.

[0086] Indeed, IWR compounds are able to inhibit aberrant
Wnt/p-catenin activity as a consequence of Apc loss 1 both
mouse L cells (using Apc small interfering RNAs) and
DLD-1 colorectal cancer cells (that harbor a loss-of-function
mutation 1n APC). The ability of IWR-3 to mimic the cell
growth eflects of p-catenin siRNAs 1n several cancer cell
lines that exhibit differences in growth dependency on Wnt/
B-catenin pathway activity was also tested. Notably, IWR-3
mimicked the effects of b-catenin siRNAs on the growth of
cells dertved from cancers of the colon (DLD-1) and prostate
(DU145) but not lung (H460), which suggests that IWR-3
successiully targeted the Wnt/b-catenin pathway in these
cells. Indeed, overexpression of b-catenin can overcome the
elfects of IWR-3 on DLD-1 cell growth.

[0087] Aberrant transcriptional induction of Wnt/b-catemin
target genes 1s typically observed 1n CRC cells that harbor
loss-of-function mutations in the APC tumor suppressor.
Consistent with the ability of IWR compounds to inhibit
cancerous Wnt/f3-catenin pathway responses, a decrease 1n
the expression of Axin2 i DLD-1 cells after exposure to
IWR-1 for 2 h was observed. Thus, Axin protein stability can
be chemically controlled 1n order to suppress cancerous Wnt/
b-catenin activity, as demonstrated by IWR compounds. See
Chen et al. (2007), which 1s incorporated herein by reference.

IHII. WNT PROTEIN SIGNALLING INHIBITORS

[0088] Accordingly, the present mvention provides small
molecules that inhibit the Wnt protein signalling pathway.
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Examples of such compounds include IWR-1 and IWR-2, as
shown here along with their respective 1n vitro activities:

norbornyl spacer amide
Y / \
N— < / | {
R WaRS
170

R = H: IWR-1 (1), EC50 0.2 uM
Me: TWR-2 (2), ECs 0.2 uM

Tables 1 and 2 provides turther examples of such compounds,
as well as their activities as determined by a luciferase-based
reporter assay that measures Wnt/3-catenin-dependent tran-
scriptional response.

TABL.

1

(Ll

Examples of Small Molecule Wnt Inhibitors.

I O
— O
TN/
N—R
H O .
Compounds R EC50 (uM)

3 7-methylquinolin-8-vyl 0.8

4 5,6,7,8-tetrahydroquinolin-8-yl 10

5 2-methoxyphenyl 1

6 phenyl =25

7 2-fluorophenyl =23

8 2-chlorophenyl =23

9 2-bromophenyl =235
10 3-fluorophenyl =25
11 3-chlorophenyl =25
12 3-bromophenyl 9
13 4-fluorophenyl 4
14 4-chlorophenyl 3
15 4-bromophenyl 1
16 2, 3-difluorophenyl =23
17 2. 4-difluorophenyl 9
18 2. 4-dichlorophenyl 10
19 2, 4-dibromophenyl =25
20 2,5-difluorophenyl =25
21 2,6-difluorophenyl =25
22 3.4-difluorophenyl 3
23 3.4-dichlorophenyl 5
24 3. 4-dibromophenyl 10
25 3.5-difluorophenyl =23
26 2-(trifluoromethyl)phenyl =23
27 3-(trifluoromethyl)phenyl 20
28 4-(trifluoromethyl)phenyl =25
29 benzyl 20
30 (2-pyridyl)methyl =25
31 (3-pyridyl)methyl =23
32 (4-pyridyl)methyl 10
33 trans-(2-methoxy)cyclohexyl 2
34 trans-(2-hydroxy)cyclohexyl =23
35 cyclohexyl =23
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TABLE 2

Further Examples of Small Molecule Wnt Inhibitors.
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Compounds

36
37
38
39
40
41
42
43
44
45
46
47
48
49

[0089]

T O

O
N—R%

H O

EC5D =3 MM

C

R R’

a 2-chloro
a 2-methyl
a 2-methoxy
a 3-chloro
a 3-methyl
a 3-methoxy
b _

c _

c _

c _

d —

d —

d —

e _

Still further examples of Wnt signaling inhibitors
are compounds 50, 51 and 52:

O N/ \ 50
N
e

O N/ \ 51
N
TN/

N—Ar
H

4-met]

Ar

quIno)
quIno)
quino|
quIno)
quino|

n-8-y
n-8-y
n-8-y
n-8-y
n-8-y

quino)

quinolin-8-yl
quinolin-8-yl
hylquinolin-8-vyl

[0090]

7-met]

4-met]

7-met]

n-8-y

hylquinolin-8-yl
quinolin-8-yl
hylquinolin-8-yl
hylquinolin-8-yl
quinolin-8-yl

O

EC50 > 23 MM

EC50 > 25 MM

ECs5y > 2 uM

>25
>25
>25

1

2
>25
>25

0.4

>25
>25
10
10

I
P
\
HN

==

ECsq (UM)

Yet still further examples include:

IWR-8

O

IWR-9

IWR-10

Br
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-continued
IWR-11
H O
— O
| 0
N S
\ 7/
HN Br
H O
ECSG P 3 HM
IWR-12
q O
=\ |
O
S
N 7 —
\ 7/ \
H O /
MeQO
EC50 = ].0 !JJM
IWR-13

H O \
OMe
ECSO - 6 HM
IWR-14
H O
I
O
.
N 7
\
HN OMe
1 O
ECs50 > 10 uM
IWR-15
H O

IWR-16
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-continued
—~ ) <\:_ _
AN \_/

\Br
Ky
RSAReS
SATASS
BN, > /

At

0 O

[0091] Some of the compounds above were made using the
methods provided by Chen et al. (2009), which 1s incorpo-
rated by reference 1n 1ts entirety. Some small molecule Wnt
signaling inhibitors disclosed herein were made by the meth-
ods outlined below, in FIGS. 11 and 12, and 1n the Examples
section. Variations of these methods provided further small
molecule Wnt signaling inhibitors. Exemplary characteriza-
tion data 1s also provided 1n the Examples section.

[0092] Some of the small molecule Wnt signaling inhibi-
tors disclosed herein are novel. Of these, compounds IWR-8
through IWR-14 can be made according to the following
scheme:
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T O
NEt;
N + H,N SO;H -
\ / DME
H O

H O
SOCI,
N SOzH -
\ / DMFE
70
H5>N
H 9 N
.
- P
N SO,Cl -
\ / pyridine
CH2CI2

o

[0093] Some of the compounds disclosed herein, e.g.,
IWR-15 through IWR-22, may be made according to the
following scheme:

SOCl,

. _</ \>_ZIN_\_ DDQ
A5
o / \\ /Nz\_ NaS$:04
Y
\ ‘ /

R
0 O
O +
H O
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-contmued

/ NEt3

Aok
o

It 1s noted that compounds IWR-16, IWR-17, IWR-20, IWR -
21 and IWR-22 are prophetic and have neither been made nor
tested.

[0094] All of these methods can be further modified and
optimized using the principles and techniques of organic
chemistry as applied by a person skilled in the art. Such
principles and techmiques are taught, for example, 1n March’s
Advanced Organic Chemistry: Reactions, Mechanisms, and
Structure (2007), which 1s incorporated by reference herein.

IV. DEFINITIONS

[0095] As used herein, “Wnt protein signalling pathway”
refers to the pathways by which binding of the Wnt protein to
extracellular receptors 1s either translated into the nucleus and
results 1n transcriptional activation of a variety of genes, or
otherwise results 1n biochemical changes that influence cell
behavior. The Wnt protein signalling pathways imnvolve a vari-
ety of proteins including Frizzled, Disheveled, Axin, APC,
GSK3p, B-catemin, LEF/TCF transcription factors, etc. C ells
from many different species express homologs of the proteins
involved 1n Wnt protein signalling pathways and accordingly
have functionally equivalent Wnt protein signalling path-
ways.

[0096] As used herein, a “Wnt protein signalling inhibitor™
1s an organopharmaceutical (that 1s, a small organic mol-
ecule) that inhibits Wnt protein signalling activity. Wnt pro-

tein signalling inhibitors typically have a molecular weight of
about 1000 g/mol or less.

[0097] As used herein, “a method of inhibiting Wnt
response’ refers to methods of inhibiting known biochemical
events associated with production of functional Wnt proteins
or with cellular responses to Wnt proteins. As discussed
herein, small organic molecules may inhibit Wnat response in
accordance with this definition.

[0098] As used herein, “hydrogen™ means —H; “hydroxy”™
means —OH; “ox0” means —0O; “halo” means 1ndepen-
dently —F, —CIl, —Br or —I; “amino” means NH, (see
below for definitions of groups containing the term amino,
¢.g., alkylamino); “hydroxyamino™ means —NHOH; “nitro”
means —INO,; 1mino means —NH (see below for definitions
of groups containing the term imino, €.g., alkylamino);
“cyano” means —CN; “azido” means —N,; “phosphate”
means —OP(O)(OH),; “mercapto” means —SH; “thio”
means —S; “sulfonamido” means —INHS(O),— (see below
for definitions of groups containing the term sulfonamido,
¢.g., alkylsulfonamido); “sulfonyl” means —S(O),— (see
below for defimitions of groups containing the term sulfonyl,
¢.g., alkylsulfonyl); “sulfiny]” means —S(O)— (see below
for definitions of groups containing the term sulfinyl, e.g.,
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alkylsulfinyl); and “silyl” means —SiH, (see below for defi-
nitions of group(s) containing the term silyl, e.g., alkylsilyl).
[0099] For the groups below, the following parenthetical
subscripts further define the groups as follows: “(Cn)” defines
the exact number (n) of carbon atoms 1n the group. “(C<n)”
defines the maximum number (n) of carbon atoms that can be
in the group, with the minimum number of carbon atoms 1n
such at least one, but otherwise as small as possible for the
group 1n question. E.g., 1t 1s understood that the minimum
number of carbon atoms in the group “alkenyl ~_s,” 15 2. For
example, “alkoxy .o, designates those alkoxy groups hav-
ing from 1 to 10 carbon atoms (e.g., 1,2,3,4,5,6,7,8,9, or
10, or any range derivable therein (e.g., 3-10 carbon atoms)).
(Cn-n') defines both the minimum (n) and maximum number
(') of carbon atoms 1n the group. Similarly, “alkyl 510,
designates those alkyl groups having from 2 to 10 carbon
atoms (e.g., 2,3,4,5,6,7,8,9,0r 10, or any range derivable
therein (e.g., 3-10 carbon atoms)).

[0100] The term “alkyl” when used without the “substi-
tuted” modifier refers to a non-aromatic monovalent group
with a saturated carbon atom as the point of attachment, a
linear or branched, cyclo, cyclic or acyclic structure, no car-
bon-carbon double or triple bonds, and no atoms other than
carbon and hydrogen. The groups, —CH, (Me), —CH,CH,;
(Et), —CH,CH,CH; (n-Pr), —CH(CH,), (1so-Pr), —CH
(CH,), (cyclopropyl), —CH,CH,CH,CH, (n-Bu), —CH
(CH,)CH,CH; (sec-butyl), —CH,CH(CH,), (1so-butyl),
—C(CH,), (tert-butyl), —CH,C(CH,); (neo-pentyl),
cyclobutyl, cyclopentyl, cyclohexyl, and cyclohexylmethyl
are non-limiting examples of alkyl groups. The term *“substi-
tuted alkyl” refers to a non-aromatic monovalent group with
a saturated carbon atom as the point of attachment, a linear or
branched, cyclo, cyclic or acyclic structure, no carbon-carbon
double or triple bonds, and at least one atom independently
selected from the group consisting of N, O, F, Cl, Br, I, S1, P,
and S. The following groups are non-limiting examples of
substituted alkyl groups: —CH,OH, —CH,Cl, —CH,Br,
—CH,SH, —CF,;, —CH,CN, —CH,C(O)H, —CH,C(O)
OH, —CH,C(O)OCH,, —CH,C(O)NH,, —CH,C(O)
NHCH,, —CH,C(O)CH,, —CH,OCH,, —CH,OCH,CF,,
—CH,0C(O)CH,, —CH,NH,, —CH,NHCH,, —CH,N
(CH,),, —CH,CH,(Cl, —CH,CH,OH, —CH,CF,,
—CH,CH,O0C(O)CH,, —CH,CH,NHCO,C(CH;);, and
—CH,S1(CH,)5.

[0101] The term “alkanediyl” when used without the “sub-
stituted” modifier refers to a non-aromatic divalent group,
wherein the alkanediyl group 1s attached with two o-bonds,
with one or two saturated carbon atom(s) as the point(s) of
attachment, a linear or branched, cyclo, cyclic or acyclic
structure, no carbon-carbon double or triple bonds, and no
atoms other than carbon and hydrogen. The groups, —CH,—
(methylene), —CH,CH,—, —CH,C(CH,),CH,—,
—CH,CH,CH,—, and

are non-limiting examples of alkanediyl groups. The term
“substituted alkanediyl” refers to a non-aromatic monovalent
group, wherein the alkynediyl group i1s attached with two
oO-bonds, with one or two saturated carbon atom(s) as the
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point(s) of attachment, a linear or branched, cyclo, cyclic or
acyclic structure, no carbon-carbon double or triple bonds,
and at least one atom 1ndependently selected from the group
consisting of N, O, F, Cl, Br, 1, S1, P, and S. The following
groups are non-limiting examples of substituted alkanediyl
groups: —CH({F)—, —CF,—, —CH(Cl)—, —CH(OH)—,
—CH(OCH,)—, and —CH,CH(CIl)—.

[0102] The term “alkenyl” when used without the “substi-
tuted” modifier refers to a monovalent group with a nonaro-
matic carbon atom as the point of attachment, a linear or
branched, cyclo, cyclic or acyclic structure, at least one non-
aromatic carbon-carbon double bond, no carbon-carbon
triple bonds, and no atoms other than carbon and hydrogen.
Non-limiting examples of alkenyl groups 1nclude:
—CH—CH, (vinyl), —CH—CHCH,, —CH—CHCH,CH;,
—CH,CH=—CH, (allyl)y, —CH,CH=—CHCH,, and
—CH—CH-—CH.. The term “substituted alkenyl” refers to
a monovalent group with a nonaromatic carbon atom as the
point of attachment, at least one nonaromatic carbon-carbon
double bond, no carbon-carbon triple bonds, a linear or
branched, cyclo, cyclic or acyclic structure, and at least one
atom independently selected from the group consisting of N,
O, F, Cl, Br, I, S1, P, and S. The groups, —CH—CHTF,
—CH—CHC] and —CH=—CHBr, are non-limiting examples
of substituted alkenyl groups.

[0103] The term “alkenediy]l” when used without the *“sub-
stituted” modifier refers to a non-aromatic divalent group,
wherein the alkenediyl group 1s attached with two o-bonds,
with two carbon atoms as points of attachment, a linear or
branched, cyclo, cyclic or acyclic structure, at least one non-
aromatic carbon-carbon double bond, no carbon-carbon
triple bonds, and no atoms other than carbon and hydrogen.
The groups, —CH=—CH—, —CH=—C(CH;)CH,—,
—CH—CHCH,—, and

are non-limiting examples of alkenediyl groups. The term
“substituted alkenediyl” refers to a non-aromatic divalent
group, wherein the alkenediyl group is attached with two
O-bonds, with two carbon atoms as points of attachment, a
linear or branched, cyclo, cyclic or acyclic structure, at least
one nonaromatic carbon-carbon double bond, no carbon-car-
bon triple bonds, and at least one atom independently selected
from the group consisting of N, O, F, C1, Br, I, S1, P, and S. The
following groups are non-limiting examples of substituted
alkenediyl groups: —CF—CH—, —C(OH)—CH—, and
—CH,CH=—C{(C])—.

[0104] The term “alkyny]l” when used without the “substi-
tuted” modifier refers to a monovalent group with a nonaro-
matic carbon atom as the point of attachment, a linear or
branched, cyclo, cyclic or acyclic structure, at least one car-
bon-carbon triple bond, and no atoms other than carbon and
hydrogen. @ The groups, —C=CH, —C=CCH,,
—(C=CCH; and —CH,C=CCH,, are non-limiting
examples of alkynyl groups. The term “substituted alkynyl”
refers to a monovalent group with a nonaromatic carbon atom
as the point of attachment and at least one carbon-carbon
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triple bond, a linear or branched, cyclo, cyclic or acyclic
structure, and at least one atom 1ndependently selected from

the group consisting of N, O, F, Cl, Br, I, S1, P, and S. The
group, —C=CS1(CH, )5, 1s a non-limiting example of a sub-
stituted alkynyl group.

[0105] The term “alkynediyl” when used without the “sub-
stituted” modifier refers to a non-aromatic divalent group,
wherein the alkynediyl group 1s attached with two o-bonds,
with two carbon atoms as points of attachment, a linear or
branched, cyclo, cyclic or acyclic structure, at least one car-
bon-carbon triple bond, and no atoms other than carbon and
hydrogen. The groups, —C=C—, —C=CCH,—, and
—(C=CCH(CH,)— are non-limiting examples of alkynediyl
groups. The term “substituted alkynediyl” refers to a non-

aromatic divalent group, wherein the alkynediyl group 1is
attached with two o-bonds, with two carbon atoms as points
of attachment, a linear or branched, cyclo, cyclic or acyclic
structure, at least one carbon-carbon triple bond, and at least
one atom independently selected from the group consisting of
N, O, F,Cl, Br, I, S1, P, and S. The groups —C=CCFH—and
—(C=CHCH(CI])— are non-limiting examples of substituted
alkynediyl groups.

[0106] The term “aryl” when used without the *“substi-
tuted” modifier refers to amonovalent group with an aromatic
carbon atom as the point of attachment, said carbon atom
forming part of a six-membered aromatic ring structure
wherein the ring atoms are all carbon, and wherein the
monovalent group consists of no atoms other than carbon and

hydrogen. Non-limiting examples of aryl groups include phe-
nyl (Ph), methylphenyl, (dimethyl)phenyl, —C_H_,CH,CH,

(ethylphenyl), —CH,CH,CH,CH, (propylphenyl),
—CH,CH(CH;),, —CH,CH(CH,),, —CsH3(CH;)
CH,CH, (methylethylphenyl), —C H,CH—CH, (vinylphe-
nyl), —CH,CH=—CHCH,, —C.H,C=CH,

—C.H,C=CCH,, naphthyl, and the monovalent group
derived from biphenyl. The term “substituted aryl” refers to a
monovalent group with an aromatic carbon atom as the point
of attachment, said carbon atom forming part of a six-mem-
bered aromatic ring structure wherein the ring atoms are all
carbon, and wherein the monovalent group further has at least
one atom independently selected from the group consisting of
N, O, F, Cl, Br, I, S1, P, and S. Non-limiting examples of
substituted aryl groups include the groups: —C_.H,F,
—CH,C,,—CH,Br,—CH,I,—CH,OH,—C/H,OCH,;,
—CH,OCH,CH,, —CH,0C(O)CH,, —CH,/NH,,
—CH,NHCH,, —CH,N(CH,;),, —CH,CH,OH,
—C.H,CH,O0C(O)CH,, —CH,CH,NH,, —CH,CF,,
—CH,CN, —C,H,CHO, —CH,CHO, —C_H_,C(O)CH,;,
—CH, C(O)CH,, —CH,COH  —CH,CO,CH,;,
—C,H,CONH,, —CH,CONHCH,, and —C_H,CON
(CH;),.

[0107] The term “arenediyl” when used without the “sub-
stituted” modifier refers to a divalent group, wherein the
arenediyl group 1s attached with two o-bonds, with two aro-
matic carbon atoms as points of attachment, said carbon
atoms forming part of one or more six-membered aromatic
ring structure(s) wherein the ring atoms are all carbon, and
wherein the monovalent group consists ol no atoms other than
carbon and hydrogen. Non-limiting examples of arenediyl
groups include:
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The term ““substituted arenediyl” refers to a divalent group,
wherein the arenediyl group i1s attached with two o-bonds,
with two aromatic carbon atoms as points of attachment, said
carbon atoms forming part of one or more six-membered
aromatic rings structure(s), wherein the ring atoms are all
carbon, and wherein the divalent group further has at least one
atom independently selected from the group consisting of N,
O, F Cl,Br, I, S1, P, and S.

[0108] The term ““aralkyl” when used without the “substi-
tuted” modifier refers to the monovalent group -alkanediyl-
aryl, in which the terms alkanediyl and aryl are each used 1n
a manner consistent with the definitions provided above.
Non-limiting examples of aralkyls are: phenylmethyl (ben-
zyl, Bn), 1-phenyl-ethyl, 2-phenyl-ethyl, indenyl and 2,3-
dihydro-indenyl, provided that indenyl and 2,3-dihydro-in-
denyl are only examples of aralkyl in so far as the point of
attachment 1n each case 1s one of the saturated carbon atoms.
When the term ““aralkyl” 1s used with the “substituted” modi-
fier, either one or both the alkanediyl and the aryl 1s substi-
tuted. Non-limiting examples of substituted aralkyls are:
(3-chlorophenyl)-methyl, 2-o0xo0-2-phenyl-ethyl (phenylcar-
bonylmethyl), 2-chloro-2-phenyl-ethyl, chromanyl where the
point of attachment 1s one of the saturated carbon atoms, and
tetrahydroquinolinyl where the point of attachment is one of
the saturated atoms.

[0109] The term “heteroaryl” when used without the “sub-
stituted” modifier refers to a monovalent group with an aro-
matic carbon atom or nitrogen atom as the point of attach-
ment, said carbon atom or mitrogen atom forming part of an
aromatic ring structure wherein at least one of the ring atoms
1s nitrogen, oxygen or sulfur, and wherein the monovalent
group consists of no atoms other than carbon, hydrogen,
aromatic nitrogen, aromatic oxygen and aromatic sulfur.
Non-limiting examples of aryl groups include acridinyl, fura-
nyl, 1midazoimidazolyl, imidazopyrazolyl, imidazopyridi-
nyl, imidazopyrimidinyl, indolyl, indazolinyl, methylpyridyl,
oxazolyl, phenylimidazolyl, pyridyl, pyrrolyl, pyrimidyl,
pyrazinyl, quinolyl, quinazolyl, quinoxalinyl, tetrahydro-
quinolinyl, thienyl, triazinyl, pyrrolopyridinyl, pyrrolopyri-
midinyl, pyrrolopyrazinyl, pyrrolotriazinyl, pyrroloimida-
zolyl, chromenyl (where the point of attachment 1s one of the
aromatic atoms), and chromanyl (where the point of attach-
ment 1s one of the aromatic atoms). The term “substituted
heteroaryl” refers to a monovalent group with an aromatic
carbon atom or nitrogen atom as the point of attachment, said
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carbon atom or nitrogen atom forming part of an aromatic
ring structure wherein at least one of the ring atoms 1s nitro-
gen, oxygen or sulfur, and wherein the monovalent group
turther has at least one atom independently selected from the
group consisting ol non-aromatic nitrogen, non-aromatic
oxygen, non aromatic sultur F, Cl, Br, I, S1, and P.

[0110] The term “heteroarenediyl” when used without the
“substituted” modifier refers to a divalent group, wherein the
heteroarenediyl group 1s attached with two o-bonds, with an
aromatic carbon atom or nitrogen atom as the point of attach-
ment, said carbon atom or nitrogen atom two aromatic atoms
as points of attachment, said carbon atoms forming part of
one or more six-membered aromatic ring structure(s) wherein
the ring atoms are all carbon, and wherein the monovalent
group consists of no atoms other than carbon and hydrogen.
Non-limiting examples of heteroarenediyl groups include:

S~

H and

The term “‘substituted heteroarenediyl” refers to a divalent
group, wherein the heteroarenediyl group 1s attached with
two o-bonds, with two aromatic carbon atoms as points of
attachment, said carbon atoms forming part of one or more
six-membered aromatic rings structure(s), wherein the ring
atoms are all carbon, and wherein the divalent group further
has at least one atom 1independently selected from the group

consisting of N, O, F, Cl, Br, I, S1, P, and S.

[0111] The term “heteroaralkyl” when used without the
“substituted” modifier refers to the monovalent group -al-
kanedivl-heteroaryl, 1n which the terms alkanediyl and het-
croaryl are each used 1n a manner consistent with the defini-
tions provided above. Non-limiting examples of aralkyls are:
pyridylmethyl, and thienylmethyl. When the term “het-
eroaralkyl” 1s used with the “substituted” modifier, either one
or both the alkanediyl and the heteroaryl 1s substituted.

[0112] The term *“‘acyl” when used without the “substi-
tuted” modifier refers to a monovalent group with a carbon
atom of a carbonyl group as the point of attachment, further
having a linear or branched, cyclo, cyclic or acyclic structure,
turther having no additional atoms that are not carbon or
hydrogen, beyond the oxygen atom of the carbonyl group.
The groups, —CHO, —C(O)CH, (acetyl, Ac), —C(O)
CH,CH,, —C(O)CH,CH,CH,, —C(O)CH(CH,),, —C(O)
CH(CH,),, —C(O)(CH.,, —CO)(CH,/CH, —C(O)
Cc,H,CH,CH;,, —COC/H,(CH;),, and —C(O)CH,CHx,
are non-limiting examples of acyl groups. The term *““acyl”
therefore encompasses, but 1s not limited to groups some-
times referred to as “‘alkyl carbonyl” and “aryl carbonyl™
groups. The term “substituted acyl” refers to a monovalent
group with a carbon atom of a carbonyl group as the point of
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attachment, further having a linear or branched, cyclo, cyclic
or acyclic structure, further having at least one atom, 1n addi-
tion to the oxygen of the carbonyl group, independently
selected from the group consisting of N, O, F, Cl, Br, I, S1, P,
and S. The groups, —C(O)CH,CF,;, —CO,H (carboxyl),

—CO,CH,4 (methylcarboxyl), —CO,CH,CHs,,
—CO,CH,CH,CH;, —CO,C,H;, —CO,CH(CH,;),,
—CO C{(CHz)zj —C(O)N‘ﬂ2 (carbamoyl), —C(O)

NHCH,, —C(O)NHCH,CH,, —CONHCH(CH,),, —CON-
HCH(CH,),, —CON(CH,),, —CONHCH,CF;, —CO-py-
ridyl, —CO-mmidazoyl, and —C(O)N,, are non-limiting
examples of substituted acyl groups. The term “substituted
acyl” encompasses, but 1s not limited to, “heteroaryl carbo-
nyl” groups.

[0113] The term “alkylidene” when used without the “sub-
stituted” modifier refers to the divalent group —CRR',
wherein the alkylidene group 1s attached with one o-bond and
one mt-bond, i which R and R' are independently hydrogen,
alkyl, or R and R' are taken together to represent alkanediyl.

Non-limiting examples of alkylidene groups include: —CH.,,
—CH(CH,CH,), and —C(CH,),. T

he term “substituted
alkylidene” refers to the group —CRR', wherein the alky-
lidene group 1s attached with one o-bond and one m-bond, 1n
which R and R' are independently hydrogen, alkyl, substi-
tuted alkyl, or R and R' are taken together to represent a
substituted alkanediyl, provided that either one of R and R'1s
a substituted alkyl or R and R' are taken together to represent
a substituted alkanediyl.

[0114] The term “‘alkoxy” when used without the “substi-
tuted” modifier refers to the group —OR, in which R 1s an
alkyl, as that term 1s defined above. Non-limiting examples of
alkoxy  groups include: —OCH,, —OCH,CH,,
—OCH,CH,CH,, —OCH(CH,),, —OCH(CH,),, —O-cy-
clopentyl, . The term *“substituted
alkoxy” refers to the group —OR, 1n which R 1s a substituted
alkyl, as that term 1s defined above. For example,
—OCH,CF,; 1s a substituted alkoxy group.

[0115] Similarly, the terms “alkenyloxy™, “alkynyloxy”,
“aryloxy”, “aralkoxy”, “heteroaryloxy”, “heteroaralkoxy”
and “acyloxy”, when used without the “substituted” modifier,
refers to groups, defined as —OR, 1 which R 1s alkenyl,
alkynyl, aryl, aralkyl, heteroaryl, heteroaralkyl and acyl,
respectively, as those terms are defined above. When any of
the terms alkenyloxy, alkynyloxy, aryloxy, aralkyloxy and
acyloxy 1s modified by “substituted,” it refers to the group
—OR, m which R 1s substituted alkenyl, alkynyl, aryl,

aralkyl, heteroaryl, heteroaralkyl and acyl, respectively.

[0116] Theterm “alkylamino” when used without the “sub-
stituted” modifier refers to the group —NHR, in which R 1s an
alkyl, as that term 1s defined above. Non-limiting examples of

alkylamino groups include: —NHCH,, —NHCH,CH,,
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—NHCH,CH,CH,, —NHCH(CH,),, —NHCH(CH.,).,
—NIZ][CI{ CH,CH CH3, — NHCH(CH,)CH,CH.,
— NHCH C{(CH3)2, —NHC(CH;);, —NH-cyclopentyl,

and —NH-cyclohexyl. The term “substituted alkylamino™
refers to the group —NHR, 1n which R 1s a substituted alkyl
as that term 1s defined above. For example, —NHCH,CF, 1s
a substituted alkylamino group.

[0117] The term “dialkylamino” when used without the
“substituted” modifier refers to the group —NRR', in which R
and R' can be the same or different alkyl groups, or R and R’
can be taken together to represent an alkanediyl having two or
more saturated carbon atoms, at least two of which are

attached to the nitrogen atom. Non-limiting examples of
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dialkylamino groups include: —NHC(CH,),, —N(CH,)
CH,CH,, —N(CH,CH,),, N-pyrrolidinyl, and N-piperidi-
nyl. The term “substituted dialkylamino™ refers to the group
—NRR', in which R and R' can be the same or different
substituted alkyl groups, one of R or R' 1s an alkyl and the
other 1s a substituted alkyl, or R and R' can be taken together
to represent a substituted alkanediyl with two or more satu-
rated carbon atoms, at least two of which are attached to the
nitrogen atom.

[0118] The terms “alkoxyamino”, “alkenylamino™, “alky-
nylamino”, “arylamino”, “aralkylamino”, “heteroary-
lamino”, “heteroaralkylamino™, and “alkylsulfonylamino™
when used without the “substituted” modifier, refers to
groups, defined as —INHR, 1n which R 1s alkoxy, alkenyl,
alkynyl, aryl, aralkyl, heteroaryl, heteroaralkyl and alkylsul-
fonyl, respectively, as those terms are defined above. A non-
limiting example of an arylamino group 1s —NHC H.. When
any of the terms alkoxyamino, alkenylamino, alkynylamino,
arylamino, aralkylamino, heteroaryvlamino, heteroaralky-
lamino and alkylsulfonylamino 1s modified by “substituted,”
it refers to the group —NHR, 1n which R 1s substituted alkoxy,
alkenyl, alkynyl, aryl, aralkyl, heteroaryl, heteroaralkyl and
alkylsulfonyl, respectively.
[0119] The term “amido” (acylamino), when used without
the “substituted” modifier, refers to the group —NHR, in
which R 1s acyl, as that term 1s defined above. A non-limiting,
example of an acylamino group 1s —NHC(O)CH,. When the
term amido 1s used with the “substituted” modifier, 1t refers to
groups, defined as —NHR, 1n which R 1s substituted acyl, as
that term 1s defined above. The groups —NHC(O)OCH, and
—NHC(O)NHCH, are non-limiting examples of substituted
amido groups.

[0120] The term “alkylimino™ when used without the “sub-
stituted” modifier refers to the group —NR, wherein the
alkylimino group 1s attached with one o-bond and one
n-bond, 1n which R 1s an alkyl, as that term 1s defined above.
Non-limiting examples of alkylimino groups include:
—NCH,, —NCH,CH, and —N-cyclohexyl. The term “sub-
stituted alkylimino™ refers to the group —NR, wherein the
alkylimino group 1s attached with one o-bond and one
n-bond, in which R is a substituted alkyl, as that term 1s
defined above. For example, —NCH,CF; 1s a substituted
alkylimino group.

[0121] Similarly, the terms “alkenylimino™, *“alky-
nylimino™, “aryvlimino”, “aralkylimino”, “heteroarylimino™,
“heteroaralkylimino™ and “acylimino”, when used without
the “substituted” modifier, refers to groups, defined as —=NR,
wherein the alkylimino group is attached with one o-bond
and one m-bond, 1n which R 1s alkenyl, alkynyl, aryl, aralkyl,
heteroaryl, heteroaralkyl and acyl, respectively, as those
terms are defined above. When any of the terms alkenylimino,
alkynylimino, arylimino, aralkylimino and acylimino 1is
modified by “substituted,” 1t refers to the group —NR,
wherein the alkylimino group is attached with one o-bond
and one m-bond, 1n which R 1s substituted alkenyl, alkynyl,
aryl, aralkyl, heteroaryl, heteroaralkyl and acyl, respectively.

[0122] The term “fluoroalky]l” when used without the “sub-
stituted” modifier refers to an alkyl, as that term 1s defined
above, 1n which one or more fluorines have been substituted
tor hydrogens. The groups, —CH,F, —CF,, and —CH,CF,
are non-limiting examples of fluoroalkyl groups. The term
“substituted fluoroalkyl” refers to a non-aromatic monova-
lent group with a saturated carbon atom as the point of attach-
ment, a linear or branched, cyclo, cyclic or acyclic structure,
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at least one fluorine atom, no carbon-carbon double or triple
bonds, and at least one atom independently selected from the
group consisting oI N, O, Cl, Br, I, S1, P, and S. The following
group 1s a non-limiting example of a substituted tluoroalkyl:
—CFHOH.

[0123] The term “alkylphosphate” when used without the
“substituted” modifier refers to the group —OP(O)(OH)
(OR), in which R 1s an alkyl, as that term 1s defined above.
Non-limiting examples of alkylphosphate groups include:
—OP(O)OH)(OMe) and —OP(O)(OH)(OEt). The term
“substituted alkylphosphate™ refers to the group —OP(O)
(OH)(OR), 1n which R 1s a substituted alkyl, as that term 1s

defined above.

[0124] Theterm “dialkylphosphate” when used without the
“substituted” modifier refers to the group —OP(O)(OR)
(OR'"), 1n which R and R' can be the same or different alkyl
groups, or R and R can be taken together to represent an
alkanediyl having two or more saturated carbon atoms, at
least two of which are attached via the oxygen atoms to the
phosphorus atom. Non-limiting examples of dialkylphos-
phate groups include: —OP(O)(OMe),, —OP(O)(OEt)
(OMe) and —OP(O)(OEL),. The term “‘substituted dialky-
Iphosphate™ refers to the group —OP(O)(OR)(OR"), in which
R and R' can be the same or different substituted alkyl groups,
one of R or R'1s an alkyl and the other 1s a substituted alkyl,
or R and R' can be taken together to represent a substituted
alkanediyl with two or more saturated carbon atoms, at least
two of which are attached via the oxygen atoms to the phos-
phorous.

[0125] The term “alkylthi0” when used without the “sub-
stituted” modifier refers to the group —SR, 1n which R 1s an
alkyl, as that term 1s defined above. Non-limiting examples of
alkylthio  groups include: —SCH,, —SCH,CH,,
—SCH,CH,CH;, —SCH(CH;),, —SCH(CH,),, —S-cy-
clopentyl, and —S-cyclohexyl. The term “substituted alky-
Ith10™ refers to the group —SR, 1n which R 1s a substituted
alkyl, as that term 1s defined above. For example, —SCH,CF 4
1s a substituted alkylthio group.

[0126] Similarly, the terms “alkenylthio™, “alkynylthio”,
“arylthio”, “aralkylth10”, “heteroarylthio”, “heteroaralky-
Ithio”, and “acylthio”, when used without the “substituted”
modifier, refers to groups, defined as —SR, 1n which R 1s
alkenyl, alkynyl, aryl, aralkyl, heteroaryl, heteroaralkyl and
acyl, respectively, as those terms are defined above. When any
of the terms alkenylthio, alkynylthio, arylthio, aralkylthio,
heteroarylthio, heteroaralkylthio, and acylthio 1s modified by
“substituted,” it refers to the group —SR, in which R 1s
substituted alkenyl, alkynyl, aryl, aralkyl, heteroaryl, het-
eroaralkyl and acyl, respectively.

[0127] The term “thioacyl” when used without the “substi-
tuted” modifier refers to a monovalent group with a carbon
atom of a thiocarbonyl group as the point of attachment,
turther having a linear or branched, cyclo, cyclic or acyclic
structure, further having no additional atoms that are not
carbon or hydrogen, beyond the sulfur atom of the carbonyl
group. The groups, —CHS, —C(S)CH,, —C(S)CH,CHs;,
—C(S)CH,CHCH,;, —C(S)CH(CH,),, —C(S)CH(CH,),,
—C(S)C,H,, —C(SCH,CH,, —C(S5)CH,CH,CH,,
—C(S)CH;(CH,),, and —C(S)CH,C.H., are non-limiting
examples of thioacyl groups. The term “thioacyl” therefore
encompasses, but is not limited to, groups sometimes referred
to as “‘alkyl thiocarbonyl” and “aryl thiocarbonyl” groups.
The term “‘substituted thioacyl” refers to a radical with a
carbon atom as the point of attachment, the carbon atom being
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part of a thiocarbonyl group, further having a linear or
branched, cyclo, cyclic or acyclic structure, further having at
least one atom, 1n addition to the sulfur atom of the carbonyl
group, independently selected from the group consisting of
N, O, F, Cl, Br, 1, S1, P, and S. The groups, —C(S)CH,CF;,
—C(S)O,H, —C(S)OCHB, —C(S)OCH,CH,, —C(S)
OCH,CH,CH,, —C(S)OCH., —C(S)OCH(CH,),, —C(8)
OCH (CHZ)E, —C(S)NH,, and —C(S)NHCH,, are non-lim-
iting examples of substituted thioacyl groups. The term
“substituted thioacyl” encompasses, but 1s not limited to,
“heteroaryl thiocarbonyl” groups.

[0128] The term “‘alkylsulfonyl” when used without the
“substituted” modifier refers to the group —S(O),R, 1n which
R 1s an alkyl, as that term 1s defined above. Non-limiting
examples of alkylsulfonyl groups include: —S(O),CHs;,
—S(0),CH,CH,, —S(0),CH,CH,CH,, —S(0O),CH(CH,)
»,—(0),CH(CH,),, —S(0),-cyclopentyl, and —S(O),-cy-
clohexyl. The term “substituted alkylsulionyl” refers to the
group —S(0),R, 1n which R 1s a substituted alkyl, as that term
1s defined above. For example, —S(O),CH,CF; 1s a substi-
tuted alkylsulfonyl group.

[0129] Similarly, the terms “alkenylsulfonyl”, “alkynylsul-
tonyl”, “arylsulfonyl”, “aralkylsulfonyl”, “heteroarylsulio-
nyl”, and “heteroaralkylsulfonyl” when used without the
“substituted” modifier, refers to groups, defined as —S(O), R,
in which R 1s alkenyl, alkynyl, aryl, aralkyl, heteroaryl, and
heteroaralkyl, respectively, as those terms are defined above.
When any of the terms alkenylsulfonyl, alkynylsulfonyl, aryl-
sulfonyl, aralkylsulfonyl, heteroarylsulionyl, and het-
eroaralkylsulfonyl 1s modified by “substituted,” it refers to the
group —S(0O),R, 1n which R 1s substituted alkenyl, alkynyl,
aryl, aralkyl, heteroaryl and heteroaralkyl, respectively.
[0130] The term “‘alkylsulfinyl” when used without the
“substituted” modifier refers to the group —S(O)R, 1n which
R 1s an alkyl, as that term 1s defined above. Non-limiting
examples of alkylsulfinyl groups include: —S(O)CHs;,
—S(O)CH,CH;, —S(O)CH,CH,CH;, —S(O)CH(CH,),,
—S(O)CH(CH,),, —S(O)-cyclopentyl, and —S(O)-cyclo-
hexyl. The term “substituted alkylsulfinyl” refers to the group
—S(O)R, 1 which R 1s a substituted alkyl, as that term 1s
defined above. For example, —S(O)CH,CF; 1s a substituted
alkylsulfinyl group.

[0131] Similarly, the terms “alkenylsulfinyl”, “alkynyl-

sulfinyl”, “arylsulfiny]l”, “aralkylsulfiny]l”, “heteroarylsulii-
nyl”, and “heteroaralkylsulfiny]” when used without the
“substituted” modifier, refers to groups, defined as —S(O)R,
in which R 1s alkenyl, alkynyl, aryl, aralkyl, heteroaryl, and
heteroaralkyl, respectively, as those terms are defined above.
When any of the terms alkenylsulfinyl, alkynylsulfinyl, aryl-
sulfinyl, aralkylsulfinyl, heteroarylsulfinyl, and het-
croaralkylsulfinyl 1s modified by “substituted,” 1t refers to the
group —S(O)R, 1 which R 1s substituted alkenyl, alkynyl,
aryl, aralkyl, heteroaryl and heteroaralkyl, respectively.
[0132] The term “alkylammonium” when used without the
“substituted” modifier refers to a group, defined as —NH,R™,
—NHRR"™, or —NRR'R"*, 1n which R, R' and R" are the
same or different alkyl groups, or any combination of two of
R, R'and R" can be taken together to represent an alkanediyl.

Non-limiting examples of alkylammonium cation groups
include: —NH,(CH,)", —NH,(CH,CH,)+, —NH,
(CH,CH,CH,)+, —NH(CH,),", —NH(CH,CH,),", —NH
(CH,CH,CH;),", —N(CH;);",  —N(CH;)(CH,CH,),",
—N(CH,),(CH,CH, )", —NH,C(CH,);", —NH(cyclopen-
tyl),", and —NH,(cyclohexyl)*. The term “substituted alky-

Dec. 31, 2015

lammonium” refers —NH,R™, —NHRR', or —NRR'R"*, in
which at least one of R, R' and R" 1s a substituted alkyl or two
of R, R'and R" can be taken together to represent a substituted
alkanediyl. When more than one of R, R' and R" 1s a substi-
tuted alkyl, they can be the same of different. Any of R, R'and
R" that are not either substituted alkyl or sub stltuted
alkanediyl, can be either alkyl, either the same or different, or
can be taken together to represent a alkanediyl with two or
more carbon atoms, at least two of which are attached to the
nitrogen atom shown 1n the formula.

[0133] The term “alkylsulfonium™ when used without the
“substituted” modifier refers to the group —SRR™, in which
R and R' can be the same or different alkyl groups, or R and R’
can be taken together to represent an alkanediyl. Non-limiting
examples of alkylsulfonium groups include: —SH(CH,)™,

—SH(CH,CH,)", —SH(CH,CH,CH,)", —S(CH,),",
—S(CH,CH,),”, —S(CH,CH,CH,),", —SH(cyclopen-
tyl)*, and . The term “substituted alkyl-

sulfonium” refers to the group —SRR'", in which R and R’
can be the same or different substituted alkyl groups, one oI R
or R' 1s an alkyl and the other 1s a substituted alkyl, or R and
R' can be taken together to represent a substituted alkanediyl.
For example, —SH(CH,CF,)" is a substituted alkylsulfo-
nium group.

[0134] The term *“‘alkylsily]” when used without the “sub-
stituted” modifier refers to a monovalent group, defined as
—S1H,R, —S1iHRR', or —S1RR'R", 1n which R, R' and R"
can be the same or different alkyl groups, or any combination
of two of R, R"'and R" can be taken together to represent an
alkanediyl. The groups, —S1H,CH,, —SiH(CH,),, —Si1
(CH,;); and —S1(CH,),C(CH,),, are non-limiting examples
of unsubstituted alkylsilyl groups. The term “substituted
alkylsilyl” refers —S1iH,R, —S1iHRR', or —S1RR'R", 1n
which at least one of R, R' and R" 15 a substituted alkyl or two
of R, R'and R" can be taken together to represent a substituted
alkanediyl. When more than one of R, R' and R" 1s a substi-
tuted alkyl, they can be the same of different. Any of R, R'and
R" that are not either substituted alkyl or substituted
alkanediyl, can be either alkyl, either the same or different, or
can be taken together to represent a alkanediyl with two or
more saturated carbon atoms, at least two of which are
attached to the silicon atom.

[0135] In addition, atoms making up the compounds of the
present invention are mtended to include all 1sotopic forms of
such atoms. Isotopes, as used herein, include those atoms
having the same atomic number but different mass numbers.
By way of general example and without limitation, 1sotopes
of hydrogen include trittum and deutertum, and 1sotopes of
carbon include '°C and '*C. Similarly, it is contemplated that
one or more carbon atom(s) of a compound of the present
invention may be replaced by a silicon atom(s). Furthermore,
it 15 contemplated that one or more oxygen atom(s) of a
compound of the present mvention may be replaced by a
sulfur or selenium atom(s).

[0136] A compound having a formula that 1s represented
with a dashed bond 1s intended to include the formulae
optionally having zero, one or more double bonds. Thus, for
example, the structure
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includes the structures
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As will be understood by a person of skill 1n the art, no one
such ring atom forms part of more than one double bond.
[0137] Any undefined valency on an atom of a structure
shown 1n this application implicitly represents a hydrogen
atom bonded to the atom.

[0138] A ring structure shown with an unconnected “R”
group, indicates that any implicit hydrogen atom on that ring
can be replaced with that R group. In the case of a divalent R
group (€.g., oxo, 1mino, thio, alkylidene, etc.), any pair of
implicit hydrogen atoms attached to one atom of that ring can
be replaced by that R group. This concept 1s as exemplified

below:

O

T

</©TR
[0139] represents
C/\
R

[0140] As used heremn, a “chiral auxiliary” refers to a

removable chiral group that i1s capable of influencing the
stereoselectivity of a reaction. Persons of skill in the art are
tamiliar with such compounds, and many are commercially
available.

[0141] As used herein, a “label” 1s any composition or
moiety detectable by spectroscopic, photochemical, bio-
chemical, immunochemical, or chemical means. Labels that
may be employed in the present invention include radioactive
labels (e.g., °°P, **°1, '*C, °H, and °>S) and fluorescent dyes
(e.g.,Cy3). An examples of a label that 1s not directly detected
but 1s detected through the use of indirect methods 1s biotin.
[0142] The use of the word “a” or “an,” when used 1n
conjunction with the term “comprising” in the claims and/or
the specification may mean “one,” but it 1s also consistent
with the meaning of “one or more,” “at least one,” and “one or
more than one.”

[0143] Throughout this application, the term *“about™ is
used to indicate that a value includes the inherent variation of
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error for the device, the method being employed to determine
the value, or the variation that exists among the study sub-
jects.

[0144] The terms “comprise,” “have” and “include” are
open-ended linking verbs. Any forms or tenses of one or more
of these verbs, such as “comprises,” “comprising,” “has,”
“having,” “includes™ and “including,” are also open-ended.
For example, any method that “comprises,” “has” or
“includes™ one or more steps 1s not limited to possessing only
those one or more steps and also covers other unlisted steps.
[0145] The term “elfective,” as that term 1s used 1n the
specification and/or claims, means adequate to accomplish a
desired, expected, or intended result.

[0146] The term “hydrate” when used as a modifier to a
compound means that the compound has less than one (e.g.,
hemihydrate), one (e.g., monohydrate), or more than one
(e.g., dihydrate) water molecules associated with each com-
pound molecule, such as in solid forms of the compound.
[0147] As used herein, the term “IC.,” refers to an inhibi-

tory dose which 1s 50% of the maximum response obtained.

[0148] An “1somer” of a first compound 1s a separate com-
pound 1n which each molecule contains the same constituent
atoms as the first compound, but where the configuration of
those atoms 1n three dimensions differs.

[0149] As used herein, the term “patient” or “subject”
refers to a living mammalian organism, such as a human,
monkey, cow, sheep, goat, dog, cat, mouse, rat, guinea pig, or
transgenic species thereof. In certain embodiments, the
patient or subject 1s a primate. Non-limiting examples of
human subjects are adults, juveniles, infants and fetuses.

[0150] “‘Pharmaceutically acceptable” means that which 1s
usetul in preparing a pharmaceutical composition that 1s gen-
erally safe, non-toxic and neither biologically nor otherwise
undesirable and includes that which 1s acceptable for veteri-
nary use as well as human pharmaceutical use.

[0151] “‘Pharmaceutically acceptable salts” means salts of
compounds of the present imnvention which are pharmaceuti-
cally acceptable, as defined above, and which possess the
desired pharmacological activity. Such salts include acid
addition salts formed with 1norganic acids such as hydrochlo-
ric acid, hydrobromic acid, sulfuric acid, mitric acid, phos-
phoric acid, and the like; or with organic acids such as 1,2-
cthanedisulfonic acid, 2-hydroxyethanesulfonic acid,
2-naphthalenesulfonic acid, 3-phenylpropionic acid, 4,4'-
methylenebis(3-hydroxy-2-ene-1-carboxylic acid), 4-meth-
ylbicyclo[2.2.2]oct-2-ene-1-carboxylic acid, acetic acid, ali-
phatic mono- and dicarboxylic acids, aliphatic sulfuric acids,
aromatic sulfuric acids, benzenesulfonic acid, benzoic acid,
camphorsulfonic acid, carbonic acid, cinnamic acid, citric
acid, cyclopentanepropionic acid, ethanesulfonic acid,
fumaric acid, glucoheptonic acid, gluconic acid, glutamic
acid, glycolic acid, heptanoic acid, hexanoic acid, hydrox-
ynaphthoic acid, lactic acid, laurylsulfuric acid, maleic acid,
malic acid, malonic acid, mandelic acid, methanesulfonic
acid, muconic acid, o-(4-hydroxybenzoyl)benzoic acid,
oxalic acid, p-chlorobenzenesulfonic acid, phenyl-substi-
tuted alkanoic acids, propionic acid, p-toluenesulfonic acid,
pyruvic acid, salicylic acid, stearic acid, succinic acid, tartaric
acid, tertiarybutylacetic acid, trimethylacetic acid, and the
like. Pharmaceutically acceptable salts also include base
addition salts which may be formed when acidic protons
present are capable of reacting with norganic or organic
bases. Acceptable morganic bases include sodium hydroxide,
sodium carbonate, potassium hydroxide, aluminum hydrox-
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ide and calcium hydroxide. Acceptable organic bases include
ethanolamine, diethanolamine, triethanolamine,
tromethamine, N-methylglucamine and the like. It should be
recognized that the particular anion or cation forming a part of
any salt of this invention 1s not critical, so long as the salt, as
a whole, 1s pharmacologically acceptable. Additional
examples of pharmaceutically acceptable salts and their

methods of preparation and use are presented 1n Handbook of
Pharmaceutical Salts: Properties, and Use (P. H. Stahl & C.

G. Wermuth eds., Verlag Helvetica Chimica Acta, 2002),

[0152] As used herein, “predominantly one enantiomer™
means that a compound contains at least about 85% of one
enantiomer, or more preferably at least about 90% of one
enantiomer, or even more preferably atleast about 95% of one
enantiomer, or most preferably at least about 99% of one
cnantiomer. Similarly, the phrase “substantially free from
other optical isomers” means that the composition contains at
most about 15% of another enantiomer or diastereomer, more
preferably at most about 10% of another enantiomer or dias-
tereomer, even more preferably at most about 5% of another
cnantiomer or diastercomer, and most preferably at most
about 1% of another enantiomer or diastereomer.

[0153] “‘Prevention” or “preventing” mcludes: (1) inhibait-
ing the onset of a disease 1n a subject or patient which may be
at risk and/or predisposed to the disease but does not yet
experience or display any or all of the pathology or symp-
tomatology of the disease, and/or (2) slowing the onset of the
pathology or symptomatology of a disease in a subject or
patient which may be at risk and/or predisposed to the disease
but does not yet experience or display any or all of the pathol-
ogy or symptomatology of the disease.

[0154] “‘Prodrug” means a compound that 1s convertible 1n
vivo metabolically mto an inhibitor according to the present
invention. The prodrug itself may or may not also have activ-
ity with respect to a given target protein. For example, a
compound comprising a hydroxy group may be administered
as an ester that 1s converted by hydrolysis in vivo to the
hydroxy compound. Suitable esters that may be converted in
vivo 1nto hydroxy compounds include acetates, citrates, lac-
tates, phosphates, tartrates, malonates, oxalates, salicylates,
propionates, succinates, fumarates, maleates, methylene-bis-
B3-hydroxynaphthoate, gentisates, 1sethionates, di-p-toluoyl-
tartrates, methanesulfonates, ethanesulfonates, benzene-
sulfonates, p-toluenesulionates, cyclohexylsulfamates,
quinates, esters of amino acids, and the like. Similarly, a
compound comprising an amine group may be administered
as an amide that 1s converted by hydrolysis 1n vivo to the
amine compound.

[0155] The term “‘saturated” when referring to an atom
means that the atom 1s connected to other atoms only by
means of single bonds.

[0156] A “‘stereoisomer’ or “optical 1Isomer’ 1s an 1somer of
a grven compound 1n which the same atoms are bonded to the
same other atoms, but where the configuration of those atoms
in three dimensions differs. “Enantiomers™ are stereoisomers
of a gtven compound that are mirror images of each other, like
left and right hands. “Diasterecomers™ are stereoisomers of a
given compound that are not enantiomers.

[0157] The mvention contemplates that for any stereo-
center or axis of chirality for which stereochemistry has not
been defined, that stereocenter or axis of chirality can be
present 1n 1ts R form, S form, or as a mixture of the R and S
forms, including racemic and non-racemic mixtures.
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[0158] “‘Substituent convertible to hydrogen i vivo”
means any group that 1s convertible to a hydrogen atom by
enzymological or chemical means including, but not limited
to, hydrolysis and hydrogenolysis. Examples include hydro-
lyzable groups, such as acyl groups, groups having an oxy-
carbonyl group, amino acid residues, peptide residues, o-ni-
trophenylsulfenyl,  trimethylsilyl,  tetrahydro-pyranyl,
diphenylphosphinyl, and the like. Examples of acyl groups
include formyl, acetyl, trifluoroacetyl, and the like. Examples
of groups having an oxycarbonyl group include ethoxycarbo-
nyl, tert-butoxycarbonyl (—C(O)OC(CH,),), benzyloxycar-
bonyl, p-methoxy-benzyloxycarbonyl, vinyloxycarbonyl,
3-(p-toluenesulionyl))ethoxycarbonyl, and the like. Suitable
amino acid residues include, but are not limited to, residues of
Gly (glycine), Ala (alanine), Arg (arginine), Asn (asparagine),
Asp (aspartic acid), Cys (cysteine), Glu (glutamic acid), His
(histidine), Ile (isoleucine), Leu (leucine), Lys (lysine), Met
(methionine), Phe (phenylalanine), Pro (proline), Ser
(serine), Thr (threonine), Trp (tryptophan), Tyr (tyrosine), Val
(valine), Nva (norvaline), Hse (homoserine), 4-Hyp (4-hy-
droxyproline), 5-Hyl (3-hydroxylysine), Orn (ornithine) and
3-Ala. Examples of suitable amino acid residues also include
amino acid residues that are protected with a protecting
group. Examples of suitable protecting groups include those
typically employed 1n peptide synthesis, including acyl
groups (such as formyl and acetyl), arylmethyloxycarbonyl
groups (such as benzyloxycarbonyl and p-nitrobenzyloxycar-
bonyl), tert-butoxycarbonyl groups (—C(O)OC(CH,),), and
the like. Suitable peptide residues include peptide residues
comprising two to five, and optionally amino acid residues.
The residues of these amino acids or peptides can be present
in stereochemical configurations of the D-form, the L-form or
mixtures thereof. In addition, the amino acid or peptide resi-
due may have an asymmetric carbon atom. Examples of suit-
able amino acid residues having an asymmetric carbon atom
include residues of Ala, Leu, Phe, Trp, Nva, Val, Met, Ser,
Lys, Thr and Tyr. Peptide residues having an asymmetric
carbon atom 1include peptide residues having one or more
constituent amino acid residues having an asymmetric carbon
atom. Examples of suitable amino acid protecting groups
include those typically employed in peptide synthesis,
including acyl groups (such as formyl and acetyl), arylmethy-
loxycarbonyl groups (such as benzyloxycarbonyl and p-ni-
trobenzyloxycarbonyl), tert-butoxycarbonyl groups (—C(O)
OC(CH,);), and the like. Other examples of substituents
“convertible to hydrogen in vivo™ include reductively elim-
inable hydrogenolyzable groups. Examples of suitable reduc-
tively eliminable hydrogenolyzable groups include, but are
not limited to, arylsulfonyl groups (such as o-toluenesulio-
nyl); methyl groups substituted with phenyl or benzyloxy
(such as benzyl, trityl and benzyloxymethyl); arylmethoxy-
carbonyl groups (such as benzyloxycarbonyl and o-methoxy-
benzyloxycarbonyl); and haloethoxycarbonyl groups (such
as [3,3,3-trichloroethoxycarbonyl and {3-10doethoxycarbo-

nyl).
[0159] ““Therapeutically effective amount” or “pharmaceu-

tically eflective amount” means that amount which, when

administered to a subject or patient for treating a disease, 1s
suificient to effect such treatment for the disease.

[0160] The term “therapeutic benefit” or “therapeutically
elfective” as used throughout this application refers to any-
thing that promotes or enhances the well-being of the subject
with respect to the medical treatment of a condition. This
includes, but 1s not limited to, a reduction 1n the onset, fre-
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quency, duration, or severity of the signs or symptoms of a
disease. For example, a therapeutically effective amount of a
compound of the present mvention (that 1s, a Wnt protein
signalling inhibitor) may be an amount suificient to treat or
prevent osteopetrosis.

[0161] The terms “inhibiting,” or “reducing’” or any varia-
tion of these terms, when used 1n the claims and/or the speci-
fication, includes any measurable decrease or complete inhi-
bition to achieve a desired result. For example, there may be
a decrease of 5%, 10%, 15%, 20%, 25%, 30%, 35%., 40%.,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 99%, or more, or any range derivable therein, reduction
of activity compared to normal. In a further example, follow-
ing admimstering of a Wnt protein signalling inhibitor, a
cancer patient may experience a reduction in tumor size.
[0162] ““Treatment” or “treating” includes (1) inhibiting a
disease 1n a subject or patient experiencing or displaying the
pathology or symptomatology of the disease (e.g., arresting,
turther development of the pathology and/or symptomatol-
ogy), (2) ameliorating a disease 1n a subject or patient that 1s
experiencing or displaying the pathology or symptomatology
of the disease (e.g., reversing the pathology and/or symp-
tomatology), and/or (3) effecting any measurable decrease in
a disease 1n a subject or patient that 1s experiencing or dis-
playing the pathology or symptomatology of the disease.

[0163] Theterms “contacted” and “exposed,” when applied
to a cell, are used herein to describe the process by which a
compound of the present invention 1s administered or deliv-
ered to a target cell, or are placed in direct juxtaposition with
the target cell. The terms “administered” and “delivered” are
used mterchangeably with “contacted” and “exposed.”

[0164] As used herein, the term “water soluble” means that
the compound dissolves 1n water at least to the extent o1 0.010
mole/liter or 1s classified as soluble according to literature
precedence.

[0165] Other abbreviations used herein are as follows:
DMSO, dimethyl sulfoxide; NO, nitric oxide; iNOS, induc-
ible nitric oxide synthase; COX-2, cyclooxygenase-2; NGF,
nerve growth factor; IBMX, isobutylmethylxanthine; FBS,
tetal bovine serum; GPDH, glycerol 3-phosphate dehydroge-
nase; RXR, retinoid X receptor; TGF-[3, transforming growth
tactor-p; IFNy or IFN-y, interferon-y; LPS, bacterial endot-
oxic lipopolysaccharide; TNFa or TNF-¢, tumor necrosis
factor-c.; IL-1{3, interleukin-1f3; GAPDH, glyceraldehyde-3-
phosphate dehydrogenase; MTT, 3-[4,5-dimethylthiazol-2-
yl]-2,5-diphenyltetrazolium bromide; TCA, trichloroacetic
acid; HO-1, inducible heme oxygenase.

[0166] Modifications or derivatives of the compounds,
agents, and active ingredients disclosed throughout this
specification are contemplated as being useful with the meth-
ods and compositions of the present invention. Derivatives
may be prepared and the properties of such derivatives may be
assayed for their desired properties by any method known to
those of skill in the art, such as methods described herein.

[0167] In certain aspects, “derivative” refers to a chemi-
cally-modified compound that still retains the desired effects
of the compound prior to the chemical modification. A “Wnt
protein signalling inhibitor derivative,” therefore, refers to a
chemically modified Wnt protein signalling inhibitor that still
retains the desired etlects of the parent Wnt protein signalling,
inhibitor prior to 1ts chemical modification. Such effects may
be enhanced (e.g., slightly more effective, twice as effective,
etc.) or diminished (e.g., slightly less efiective, 2-fold less
elfective, etc.) relative to the parent Wnt protein signalling
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inhibitor, but may still be considered a Wnt protein signalling
inhibitor derivative. Such derivatives may have the addition,
removal, or substitution of one or more chemical moieties on
the parent molecule. Non-limiting examples of the types of
modifications that can be made to the compounds and struc-
tures disclosed herein include the addition or removal of
lower unsubstituted alkyls such as methyl, ethyl, propyl, or
substituted lower alkyls such as hydroxymethyl or aminom-
cthyl groups; carboxyl groups and carbonyl groups;
hydroxyls; mitro, amino, amide, 1imide, and azo groups; sul-
fate, sulfonate, sulfono, sulthydryl, sulienyl, sulfonyl, sul-
foxido, sulfonamide, phosphate, phosphono, phosphoryl
groups, and halide substituents. Additional modifications can
include an addition or a deletion of one or more atoms of the
atomic framework, for example, substitution of an ethyl by a
propyl, or substitution of a phenyl by a larger or smaller
aromatic group. Alternatively, in a cyclic or bicyclic structure,
heteroatoms such as N, S, or O can be substituted into the
structure instead of a carbon atom.

[0168] Prodrugs and solvates of the compounds of the
present invention are also contemplated herein. The term
“prodrug,” as used herein, 1s understood as being a compound
which, upon administration to a subject, such as a mammal,
undergoes chemical conversion by metabolic or chemical
processes to yield a compound any of the formulas herein, or
a salt and/or solvate thereof. Solvates of the compounds of the
present invention are preferably hydrates.

[0169] As used herein, “protecting group” refers to a moi-
ety attached to a functional group to prevent an otherwise
unwanted reaction of that functional group. The term “func-
tional group” generally refers to how persons of skill 1n the art
classity chemically reactive groups. Examples of functional
groups include hydroxyl, amine, sulthydryl, amide, carboxyl,
carbonyl, etc. Protecting groups are well-known to those of
skill 1n the art. Non-limiting exemplary protecting groups fall
into categories such as hydroxy protecting groups, amino
protecting groups, sulthydryl protecting groups and carbonyl
protecting groups. Such protecting groups may be found in
Greene and Wuts, 1999, incorporated herein by reference 1n
its entirety. The Wnt protein signalling inhibitors described
herein are also contemplated as protected by one or more
protecting groups—that 1s, the inhibitors are contemplated in
their “protected form.”

[0170] Compounds of the present invention may contain
one or more asymmetric centers and thus can occur as race-
mates and racemic mixtures, single enantiomers, diastereo-
meric mixtures and individual diastereomers. In certain
embodiments, a single diasterecomer 1s present. All possible
stereo1somers ol the compounds of the present invention are
contemplated as being within the scope of the present inven-
tion. However, 1n certain aspects, particular diastereomers are
contemplated. The chiral centers of the compounds of the
present mnvention can have the S- or the R-configuration, as
defined by the ITUPAC 1974 Recommendations. In certain
aspects, certain compounds of the present invention may
comprise S- or R-configurations at particular carbon centers.

[0171] Synthetic techniques that may be used to prepare
certain compounds of the present mnvention are provided 1n
the Examples section. Other synthetic techniques to prepare
compounds of the present invention as well as derivatives are
well-known to those of skill in the art. For example, Smith and
March, 2001 discuss a wide variety of synthetic transforma-
tions, reaction conditions, and possible pitialls relating
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thereto. Methods discussed therein may be adapted to prepare
compounds ol the present invention from commerically avail-
able starting materials.

[0172] Solvent choices for preparing compounds of the
present invention will be known to one of ordinary skill 1n the
art. Solvent choices may depend, for example, on which
one(s) will facilitate the solubilizing of all the reagents or, for
example, which one(s) will best facilitate the desired reaction
(particularly when the mechanism of the reaction 1s known).
Solvents may include, for example, polar solvents and non-
polar solvents. Solvents choices include, but are not limited
to, tetrahydrofuran, dimethylformamide, dimethylsulfoxide,
dioxane, methanol, ethanol, hexane, methylene chloride and
acetonitrile. More than one solvent may be chosen for any
particular reaction or purification procedure. Water may also
be admixed mto any solvent choice. Further, water, such as
distilled water, may constitute the reaction medium instead of
a solvent.

[0173] Persons of ordinary skill in the art will be familiar
with methods of purifying compounds of the present mnven-
tion. One of ordinary skill in the art will understand that
compounds of the present invention can generally be purified
at any step, including the purification of intermediates as well
as purification of the final products. In preferred embodi-
ments, purification 1s performed via silica gel column chro-
matography or HPLC.

[0174] In view of the above definitions, other chemical
terms used throughout this application can be easily under-
stood by those of skill in the art. Terms may be used alone or
in any combination thereof.

[0175] The above definitions supersede any conflicting
definition 1n any of the reference that 1s incorporated by
reference herein. The fact that certain terms are defined, how-
ever, should not be considered as indicative that any term that
1s undefined 1s indefinite. Rather, all terms used are believed
to describe the mvention 1n terms such that one of ordinary
skill can appreciate the scope and practice the present inven-
tion.

V. PHARMACEUTICAL FORMULAITITONS AND
ROUTES FOR ADMINISTRAITION

[0176] Pharmaceutical compositions of the present mven-
tion comprise an elfective amount of one or more candidate
substances (e.g., a Wnt protein signalling inhibitor) or addi-
tional agents dissolved or dispersed in a pharmaceutically
acceptable carrier. The phrases “pharmaceutical or pharma-
cologically acceptable” refers to molecular entities and com-
positions that do not produce an adverse, allergic or other
untoward reaction when administered to an animal, such as,
for example, a human, as appropriate. The preparation of a
pharmaceutical composition that contains at least one candi-
date substance or additional active ingredient will be known
to those of skill in the art 1n light of the present disclosure, as
exemplified by Remington’s Pharmaceutical Sciences, 18th
Ed. Mack Printing Company, 1990, incorporated herein by
reference. Moreover, for animal (e.g., human) administration,
it will be understood that preparations should meet sterility,
pyrogenicity, general safety and purity standards as required
by FDA Office of Biological Standards.

[0177] As used herein, “pharmaceutically acceptable car-
rier” includes any and all solvents, dispersion media, coat-
ings, surfactants, antioxidants, preservatives (e.g., antibacte-
rial agents, antifungal agents), 1sotonic agents, absorption
delaying agents, salts, preservatives, drugs, drug stabilizers,
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gels, binders, excipients, disintegration agents, lubricants,
sweetening agents, tlavoring agents, dyes, such like matenals
and combinations thereot, as would be known to one of ordi-
nary skill i the art (see, for example, Remington’s Pharma-
ceutical Sciences, pp 1289-1329, 1990). Except insolar as
any conventional carrier 1s incompatible with the active ingre-
dient, 1ts use 1n the therapeutic or pharmaceutical composi-
tions 1s contemplated.

[0178] The candidate substance may comprise different
types of carriers depending on whether 1t 1s to be administered
in solid, liquid or aerosol form, and whether 1t needs to be
sterile for such routes of administration as 1njection. Com-
pounds of the present invention may be admimstered orally,
intraadiposally, intraarterially, intraarticularly, intracranially,
intradermally, intralesionally, intramuscularly, intranasally,
intraocularally, intrapericardially, intraperitoneally, intra-
pleurally, intraprostaticaly, intrarectally, intrathecally,
intratracheally, intratumorally, intraumbilically, intravagi-
nally, intravenously, intravesicularlly, intravitreally, liposo-
mally, locally, mucosally, orally, parenterally, rectally, sub-
conjunctival, subcutaneously, sublingually, topically,
transbuccally, transdermally, vaginally, 1n cremes, i lipid
compositions, via a catheter, via a lavage, via continuous
infusion, via infusion, via inhalation, via injection, via local
delivery, via localized perfusion, bathing target cells directly,
or by other method or any combination of the foregoing as
would be known to one of ordinary skill 1n the art (see, for
example, Remington’s Pharmaceutical Sciences, 1990). In
particular embodiments, the composition may be formulated
for oral delivery. Pharmaceutical compositions comprising a
compound of the present invention are also contemplated, and
such compositions may be adapted for administration via any
method known to those of skill 1n the art, such as the methods
described above.

[0179] In particular embodiments, the composition 1is
administered to a subject using a drug delivery device. Any
drug delivery device 1s contemplated for use in delivering a
pharmaceutically effective amount of a Wnt protein signal-
ling 1nhibitor.

[0180] The actual dosage amount of a composition of the
present mvention administered to an ammal patient can be
determined by physical and physiological factors such as
body weight, severity of condition, the type of disease being
treated, previous or concurrent therapeutic interventions, 1di-
opathy of the patient and on the route of administration. The
practitioner responsible for administration will typically
determine the concentration of active ingredient(s) in a com-
position and appropriate dose(s) for the individual subject.

[0181] The dose can be repeated as needed as determined
by those of ordinary skill in the art. Thus, 1n some embodi-
ments of the methods set forth herein, a single dose 1s con-
templated. In other embodiments, two or more doses are
contemplated. Where more than one dose 1s administered to a
subject, the time interval between doses can be any time
interval as determined by those of ordinary skill in the art. For
example, the time interval between doses may be about 1 hour
to about 2 hours, about 2 hours to about 6 hours, about 6 hours
to about 10 hours, about 10 hours to about 24 hours, about 1
day to about 2 days, about 1 week to about 2 weeks, or longer,
or any time interval dertvable within any of these recited
ranges.

[0182] In certain embodiments, it may be desirable to pro-
vide a continuous supply of a pharmaceutical composition to
the patient. This could be accomplished by catheterization,
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followed by continuous administration of the therapeutic
agent, for example. The administration could be intra-opera-
tive or post-operative.

[0183] In certain embodiments, pharmaceutical composi-
tions may comprise, for example, at least about 0.1% ofa Wnt
protein signalling mhibitor. In other embodiments, the Wnt
protein signalling inhibitor may comprise between about 2%
to about 75% of the weight of the unit, or between about 25%
to about 60%, for example, and any range derivable therein. In
other non-limiting examples, a dose may also comprise from
about 1 microgram/kg/body weight, about 5 microgram/kg/
body weight, about 10 microgram/kg/body weight, about 50
microgram/kg/body weight, about 100 microgram/kg/body
weight, about 200 microgram/kg/body weight, about 350
microgram/kg/body weight, about 500 microgram/kg/body
weight, about 1 milligram/kg/body weight, about 5 mulli-
gram/kg/body weight, about 10 milligram/kg/body weight,
about 50 milligram/kg/body weight, about 100 milligram/kg/
body weight, about 200 milligram/kg/body weight, about 350
milligram/kg/body weight, about 500 milligram/kg/body
weight, to about 1000 mg/kg/body weight or more per admin-
istration, and any range derivable therein. In non-limiting
examples of a dertvable range from the numbers listed herein,
a range ol about 5 mg/kg/body weight to about 100 mg/kg/
body weight, about 5 microgram/kg/body weight to about
500 milligram/kg/body weight, etc., can be administered,
based on the numbers described above.

[0184] In any case, the composition may comprise various
antioxidants to retard oxidation of one or more component.
Additionally, the prevention of the action of microorganisms
can be brought about by preservatives such as various anti-
bacterial and antifungal agents, including but not limited to
parabens (e.g., methylparabens, propylparabens), chlorobu-

tanol, phenol, sorbic acid, thimerosal, or combinations
thereof.

[0185] The Wnt protein signalling inhibitor may be formu-
lated 1nto a composition, such as a pharmaceutical composi-
tion, 1n a iree base, neutral, or salt form. Pharmaceutically
acceptable salts are described herein.

[0186] Inembodiments wherethe compositionisina liquid
form, a carrier can be a solvent or dispersion medium com-
prising but not limited to, water, ethanol, polyol (e.g., glyc-
erol, propylene glycol, liquid polyethylene glycol, etc.), lip-
ids (e.g., triglycenides, vegetable oils, liposomes) and
combinations thereof. The proper fluidity can be maintained,
for example, by the use of a coating, such as lecithin; by the
maintenance ol the required particle size by dispersion in
carriers such as, for example liquid polyol or lipids; by the use
ol surfactants such as, for example hydroxypropylcellulose;
or combinations thereof such methods. It may be preferable to
include 1sotonic agents, such as, for example, sugars, sodium
chloride, or combinations thereof.

[0187] Inother embodiments, one may use eye drops, nasal
solutions or sprays, acrosols or inhalants 1n the present inven-
tion. Such compositions are generally designed to be com-
patible with the target tissue type. In a non-limiting example,
nasal solutions are usually aqueous solutions designed to be
administered to the nasal passages in drops or sprays. Nasal
solutions are prepared so that they are similar 1n many
respects to nasal secretions, so that normal ciliary action 1s
maintained. Thus, 1n certain embodiments the aqueous nasal
solutions usually are 1sotonic or slightly bufiered to maintain
a pH of about 5.5 to about 6.5. In addition, antimicrobial
preservatives, similar to those used 1n ophthalmic prepara-
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tions, drugs, or appropriate drug stabilizers, if required, may
be mncluded 1n the formulation. For example, various com-

mercial nasal preparations are known and include drugs such
as antibiotics or antithistamines.

[0188] In certain embodiments the candidate substance 1s
prepared for administration by such routes as oral ingestion.
In these embodiments, the solid composition may comprise,
for example, solutions, suspensions, emulsions, tablets, pills,
capsules (e.g., hard or soft shelled gelatin capsules), sustained
release formulations, buccal compositions, troches, elixirs,
suspensions, syrups, walers, or combinations thereof. Oral
compositions may be incorporated directly with the food of
the diet. In certain embodiments, carriers for oral administra-
tion comprise inert diluents (e.g., glucose, lactose, or manni-
tol), assimilable edible carriers or combinations thereof. In
other aspects of the mvention, the oral composition may be
prepared as a syrup or elixir. A syrup or elixir, and may
comprise, for example, at least one active agent, a sweetening
agent, a preservative, a tlavoring agent, a dye, a preservative,
or combinations thereof.

[0189] In certain embodiments an oral composition may
comprise one or more binders, excipients, disintegration
agents, lubricants, flavoring agents, or combinations thereof.
In certain embodiments, a composition may comprise one or
more of the following: a binder, such as, for example, gum
tragacanth, acacia, cornstarch, gelatin or combinations
thereof; an excipient, such as, for example, dicalctum phos-
phate, manmitol, lactose, starch, magnesium stearate, sodium
saccharine, cellulose, magnesium carbonate or combinations
thereof; a disintegrating agent, such as, for example, corn
starch, potato starch, alginic acid or combinations thereof; a
lubricant, such as, for example, magnesium stearate; a sweet-
ening agent, such as, for example, sucrose, lactose, saccharin
or combinations thereof; a flavoring agent, such as, for
example peppermint, o1l of wintergreen, cherry flavoring,
orange tlavoring, etc.; or combinations thereof the foregoing.
When the dosage unit form 1s a capsule, 1t may contain, 1n
addition to materials of the above type, carriers such as a
liquid carrier. Various other materials may be present as coat-
ings or to otherwise modity the physical form of the dosage
unit. For istance, tablets, pills, or capsules may be coated
with shellac, sugar, or both.

[0190] Stenile injectable solutions may be prepared by
incorporating a compound of the present mvention in the
required amount in the appropriate solvent with various of the
other ingredients enumerated above, as required, followed by
filtered sterilization. Generally, dispersions are prepared by
incorporating the various sterilized active ingredients into a
sterile vehicle which contains the basic dispersion medium
and/or the other ingredients. In the case of sterile powders for
the preparation of sterile injectable solutions, suspensions or
emulsion, certain methods of preparation may include
vacuum-drying or Ireeze-drying techniques which vyield a
powder of the active ingredient plus any additional desired
ingredient from a previously sterile-filtered liquid medium
thereof. The liqud medium should be suitably butlered if
necessary and the liquid diluent (e.g., water) first rendered
1sotonic prior to mjection with suilicient saline or glucose.
The preparation of highly concentrated compositions for
direct injection 1s also contemplated, where the use of DMSO
as solvent 1s envisioned to result in extremely rapid penetra-
tion, delivering high concentrations of the active agents to a
small area.
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[0191] The composition should be stable under the condi-
tions of manufacture and storage, and preserved against the
contaminating action of microorganisms, such as bacteria and
tungi. It will be appreciated that endotoxin contamination
should be kept mimimally at a safe level, for example, less that
0.5 ng/mg protein.

[0192] Inparticular embodiments, prolonged absorption of
an 1njectable composition can be brought about by the use 1n
the compositions of agents delaying absorption, such as, for

example, aluminum monostearate, gelatin, or combinations
thereof.

VI. COMBINATION THERAPY

[0193] Inorderto enhance orincrease the effectiveness of a
Wnt protein signalling inhibitor of the present invention, the
inhibitor may be combined with another therapy, such as
another agent that combats and/or prevents cancer, osteo-
petrosis, a degenerative disease, or type II diabetes. For
example, Wnt protein signalling inhibitors of the present
invention may be provided 1in a combined amount with an
elfective amount another agent that 1s known to reduce tumor
S1Z€.

[0194] It 1s contemplated that combination therapy of the
present 1mvention may be used in vitro or in vivo. These
processes may nvolve admimstering the agents at the same
time or within a period of time wherein separate administra-
tion of the substances produces a desired therapeutic benefit.
This may be achieved by contacting the cell, tissue, or organ-
1sm with a single composition or pharmacological formula-
tion that includes two or more agents, or by contacting the cell
with two or more distinct compositions or formulations,
wherein one composition includes one agent and the other
includes another.

[0195] The compounds of the present invention may pre-
cede, be co-current with and/or follow the other agents by
intervals ranging from minutes to weeks. In embodiments
where the agents are applied separately to a cell, tissue or
organism, one would generally ensure that a significant
period of time did not expire between the time of each deliv-
ery, such that the agents would still be able to exert an advan-
tageously combined effect on the cell, tissue or organism. For
example, 1n such instances, it 1s contemplated that one may
contact the cell, tissue or orgamism with two, three, four or
more modalities substantially simultaneously (1.e., within
less than about a minute) as the candidate substance. In other
aspects, one or more agents may be adminmistered about 1
minute, about 5 minutes, about 10 minutes, about 20 minutes
about 30 minutes, about 45 minutes, about 60 minutes, about
2 hours, about 3 hours, about 4 hours, about 5 hours, about 6
hours, about 7 hours about 8 hours, about 9 hours, about 10
hours, about 11 hours, about 12 hours, about 13 hours, about
14 hours, about 15 hours, about 16 hours, about 17 hours,
about 18 hours, about 19 hours, about 20 hours, about 21
hours, about 22 hours, about 22 hours, about 23 hours, about
24 hours, about 25 hours, about 26 hours, about 27 hours,
about 28 hours, about 29 hours, about 30 hours, about 31
hours, about 32 hours, about 33 hours, about 34 hours, about
35 hours, about 36 hours, about 37 hours, about 38 hours,
about 39 hours, about 40 hours, about 41 hours, about 42
hours, about 43 hours, about 44 hours, about 45 hours, about
46 hours, about 47 hours, about 48 hours, about 1 day, about
2 days, about 3 days, about 4 days, about 5 days, about 6 days,
about 7 days, about 8 days, about 9 days, about 10 days, about
11 days, about 12 days, about 13 days, about 14 days, about
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15 days, about 16 days, about 17 days, about 18 days, about
19 days, about 20 days, about 21 days, about 1, about 2, about
3, about 4, about 5, about 6, about 7 or about 8 weeks or more,
and any range derivable therein, prior to and/or after admin-
istering the candidate substance.

[0196] Various combination regimens of the agents may be
employed. Non-limiting examples of such combinations are
shown below, wherein an Wnt protein signalling inhibitor 1s
“A” and a second agent, such as an anti-cancer agent, 1s “B”":

A/B/A B/A/B B/B/A A/A/B A/B/B B/A/A A/B/B/B B/A/B/B
B/B/B/A B/B/A/B A/A/B/B A/B/A/B A/B/B/A B/B/A/A
B/A/B/A B/A/A/B A/A/A/B B/IA/A/A A/B/A/A AJA/B/A

[0197] A. Anti-Cancer Therapy

[0198] An anti-cancer agent may be used in combination
therapy with Wnt protein signalling inhibitors of the present
invention. As used herein, an “anti-cancer” agent 1s capable of
negatively atflecting cancer 1n a subject, for example, by kill-
ing one or more cancer cells, inducing apoptosis 1n one or
more cancer cells, reducing the growth rate of one or more
cancer cells, reducing the incidence or number of metastases,
reducing tumor size, ihibiting tumor growth, reducing the
blood supply to a tumor or one or more cancer cells, promot-
Ing an immune response against one or more cancer cells or a
tumor, preventing or inhibiting the progression of a cancer, or
increasing the lifespan of a subject with a cancer. Anti-cancer
agents are well-known 1n the art and include, for example,
chemotherapy agents (chemotherapy), radiotherapy agents
(radiotherapy), a surgical procedure, immune therapy agents
(immunotherapy), genetic therapy agents (gene therapy),
reoviral therapy, hormonal therapy, other biological agents
(biotherapy), and/or alternative therapies.

[0199] B. Osteopetrosis Therapy

[0200] Osteopetrosis, also known as marble bone disease
and Albers-Schonberg disease, 1s an extremely rare inherited
disorder whereby the bones harden, becoming denser, 1n con-
trast to the more prevalent osteomalacia, 1n which the bones
solten. Bone marrow transplant therapy may be combined
with administration of Wnt protein signalling inhibitors of the
present invention to treat or prevent osteopetrosis. Other
treatments targeting osteopetrosis that may be combined with
Wnt protein signalling inhibitors described herein include
those disclosed 1n the following documents, each of which 1s
incorporated herein by reference: U.S. Pat. Nos. 7,241,732;
7,186,683; 6,943,151, 6,833,354; 6,699.873; 6,686,148;
5,806,529, 5,777,193; RE35,694; 5,641,747; and 4,843,063.
[0201] C. Degenerative Disease Therapy

[0202] As discussed herein, degenerative diseases may be
treated using Wnt protein signalling inhibitors of the present
invention. Accordingly, other treatments that target degenera-
tive diseases may be combined with administration of the Wnt
protein signalling inhibitors. Non-limiting examples of
degenerative diseases include type II diabetes and age-related
impairment of tissue repair.

[0203] 1. Type II Diabetes Therapy

[0204] Type II diabetes 1s a chronic, progressive disease
that has no clearly established cure. It 1s a metabolic disorder
that 1s primarily characterized by 1nsulin resistance, relative
insulin deficiency and hyperglycemia. Treatment options that
may be combined with Wnt protein signalling inhibitor
administration include exercise, diet management to control
the mtake of glucose, and use of anti-diabetic drugs (e.g.,
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metformin, phenformin, repaglinide, nateglinide, rosiglita-
zone, pioglitazone or miglitol).

[0205] 2. Age-Related Impairment of Tissue Repair
Therapy
[0206] A vaniety of tissues degenerate over time as one

ages, such as skeletal muscle and organ tissues (e.g., heart,
kidney, lung and liver). Wnt protein signalling inhibition has
been implicated in, for example, muscle regeneration (Brack
et al., 2007). Therapies pertaining to age-related impairment
of tissue repair that may be combined with Wnt protein sig-
nalling inhibitor administration include, for example, gene
therapy, such as described by Barton-Davis et al. (1998;
incorporated herein by reference) and drugs described by
Lynch (2004; incorporated herein by reference).

VII. EXAMPLES

[0207] The following examples are included to demon-
strate certain preferred embodiments of the invention. It
should be appreciated by those of skill in the art that the
techniques disclosed 1n the examples which follow represent
techniques discovered by the inventor to function well 1n the
practice of the invention, and thus can be considered to con-
stitute preferred modes for 1ts practice. However, those of
skill 1n the art should, 1in light of the present disclosure,
appreciate that many changes can be made in the specific
embodiments which are disclosed and still obtain a like or
similar result without departing from the spirit and scope of
the invention.

Example 1

Materials and Methods
[0208] Cell Lines, Constructs, Antibodies, and siRINAs.
[0209] L-Wnt-STF cells were generated by transfecting

L-Wnt cells (ATCC) with SuperTopFlash (STF; provided by
R. Moon) and SV-40 Renilla luciferase plasmids and select-
ing for clones resistant to G418 and Zeocin. Constructs for
expression of Shh and Wnt3 A were provided by P. Beachy,
and Notch intracellular domain (NICD) by R. Kopan. Notch
reporter construct was provided by J. LaBorda, Wnt 1 and
Wnt 2 expression constructs were purchased from OpenBio-
systems and are part of the MGC Clone collection. The Wnt-
GL expression construct was generated by ligating Wnt3A
coding sequence to GL (lacking the signal sequence; AA15-
185) using an engineered Xbal site. CMV-GL was generated
by inserting the CMYV promoter into the pGluc-Basic vector
(New England Biolabs). Expression constructs for mPorc-
myc, hAxin2-myc and hAxinADIX were engineered using
PCR-based cloning and mutagenesis strategies. The follow-
ing primary antibodies were used for detection: [3-catenin,
Kif3 A, Actin, and p-tubulin (all purchased from Sigma);
phosphorylated LRP6, Dv12, and Axin2 (from Cell Signalling,
Technology); E-Cadherin (BD Transduction Laboratories);
APC (Santa Cruz Biotechnology); and GSK3p (Stressgen).
Pools of pre-designed siRNA reagents (four siRNAs per
gene) used i RNA1 experiments were purchased from either
Qiagen (GSK3(3, CK1a, PP1, PP2CA, PP2CB, KAP, WTX,
ASEF, DLG1) or from Dharmacon (APC, Axin2).

[0210] Biochemical Studies.

[0211] Biochemical studies ivolving L-Wnt-STF or

DLD-1 cells were performed 1n either 48- or 6-well format
with IWR (10 uM) or IWP (5 uM) compounds and/or cyclo-

heximide (100 uM) 1n a 48 hr assay period. Targeting of APC
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using RNA1 in L-cells was achieved by transfecting cells with
SMARTPool APC siRNAs (50 nM; Dharmacon). E-cadherin
depletion studies were performed at 4° C. using DLD-1 cells
lysed 1n PBS/1% NP-40/protease inhibitors. For Wnt3A
phase separation assays, murine Porcupine (C 1soform) and
human Wnt3 A-myc were transfected mnto HEK 293 cells (6
well format, 400K cells/well) as appropriate using Effectene
transiection reagent (QIAGEN). After 48 hrs of incubation,
cells were lysed for 15 min, RT with PL butfier (distilled
water, 10 mM tris-HCI, 150 mM NaCl)/1% TritionX-114.
Lysate was brietly chilled on 1ce, pelleted for 10 min 4° C.,
and the supernatant combined with an equal volume of PL
bufler/3.5% TX-114. Solutions were rotated for 15 min at 4°
C., placed at 37° C. for 5 min followed by an additional
centrifugation for 5 min at 2000 g, RT. Distinct phases were
collected and combined with PL buifer to a total volume of 1
ml. Samples were chilled on ice, ConA sepharose (GE
Healthcare) added, and samples rotated for 2 hrs at 4° C.
Beads washed 2x with PL bufler, and a Western blot per-
formed with eluted proteins using an anti-c-myc antibody.
For IWP-PEG-Biotin binding studies, cell lysate (PBS/1%
NP-40) derived from HEK 293 cells transfected with the Porc-
myc construct was incubated with either DMSO, linker (165
uM), IWP-biotin (165 uM), or IWP-biotin (165 uM)+IWP3
(385 uM) and rotated for 30 min prior to addition of NeutrA-
vidin agarose resin (Pierce) and an additional 20 1n rotation at
RT. Resin was then washed lysis buifer and protein eluted
with sample loading buifer.

Example 2

Identification of Wnt Protein Signalling Inhibitors

[0212] A high stringency cell-based screening strategy
identified small molecular modulators of the Wnt/{3-catenin
pathway from a ~200K synthetic chemical library from U.T.
Southwestern (Dallas, Tex.) (UTSW) (FIG. 1). This assay
may be employed to identily Wnt-protein signalling 1nhibi-
tors as well as chemicals that can increase Wnt/[3-catenin
activity.

[0213] Experimental Conditions: Primary Screen and Sec-
ondary Reporter-Based Assays.

[0214] For the “primary screen” and “dose-dependent test,
”-5,000 L-Wnt-STF cells were seeded into each well of a

white opaque 384 well plate and individual compounds from
the UTSW chemical library added 24 hrs later to each well at
a final concentration of 2.5 uM (primary screen) or otherwise
indicated concentrations. Luciierase activities were mea-
sured 24 hrs later. To 1dentity FL inhibitors and compounds
that blocked protein secretion, L-cells were transiently trans-
tected with CMV-FL and CMV-GL constructs and immedi-
ately incubated with compounds. Culture medium and cell
lysates were analyzed for GL and FL activities, respectively,
aiter 24 hrs. For the “exogenous Wnt test,” Wnt3 A-containing
conditioned medium, prepared following the protocol pro-
vided ATCC, was applied to HEK293 cells transiently trans-
fected with STF and control reporters. For Hedgehog and
Notch tests, NIH-3T3 cells or L-cells, respectively, were tran-
siently transfected with indicated reporter constructs and
immediately incubated with compounds. Luciferase activi-
ties were measured 24 hrs later. The “Wnt secretion test” was
performed 1n L-cells transiently transtected with the Wnt-GL
expression construct and immediately incubated with com-
pounds. Culture medium and cellular lysate were analyzed 48
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hrs later for GL activity. Assays used to calculate IC30’s for
compounds were performed as before in L-Wnt-STF cells.
[0215] Daiscussion of Results:

[0216] A bnief overview of the screen 1s as follows: mouse
L-cells that stably harbor a well-characterized Wat/3-catemin
pathway-responsive firefly luciferase (FL) reporter plasmid
(SuperTopFlash or STF), a control reporter, and an expression
construct encoding the Wnt protein, Wnt3 A, were exposed to
individual compounds for two days prior to measurement of
reporter activities. Chemicals that altered FL but not control
reporter activity were selected for further testing (FIG. 1;
FIG. 8). The screening strategy allows for identification of
compounds that either potentially increase or decrease Wnt/
3-catenin pathway activity.

[0217] Several secondary tests were employed 1n order to
further select compounds of interest. These tests were
designed to 1dentily especially potent compounds with mini-
mal cellular cytotoxicity (*dose-dependent test™) and speci-
ficity for attacking the Wnt/[3-catenin pathway (“Hh and
Notch pathway tests” and “FL inhibitor/protein exocytosis
test”; FIG. 1). As the cell-autonomous signalling assay used
in the primary screen would be predicted to yield compounds
that disrupt erther ligand production or response, compounc,s
were 1dentified that retained activity when tested 1n cells
treated with exogenously supplied Wnt protein and that likely
function as inhibitors of response. Among those compounds
that failed to block Wnt/3-catenin pathway response in this
test and that likely block production of Wnt ligand (FIG. 9A),
four inhibited Wnt secretion as determined using a Wnt-
luciferase fusion protein (FIG. 1 and FIG. 9). Based on the
results from these secondary tests, seven compounds were
identified that act as inhibitors of Wnt response (IWRs) and
four compounds were 1dentified that act as inhibitors of Wnt
production (IWPs; FIG. 1).

[0218] Whereas the IWPs all share the same core chemical
structure, two different classes of IWRs could be identified
based on structural similarities (FIG. 2A and FIG. 2B). In
general, the IWPs are more potent pathway antagonists than
those 1n the strongest class of IWRs (~40 nM vs~200 nM,
respectively). Using biochemical markers of Wnt/[3-catenin
pathway activation, the site of action for each compound was
generally localized (FIG. 3). Consistent with their predicted
elfects on Wnt protein production, IWPs blocked all Wnt-
dependent biochemical changes that were assayed (phospho-
rylation of the LRP6 receptor and Dv12, and B-catemin accu-
mulation; FIG. 3). On the other hand, IWR compounds
appear to only affect [3-catenin levels suggesting they target
regulatory events downstream of LRP6 and Dvl2.

Example 3

Synthesis and Characterization

[0219] Synthesis of IWR-1, IWP-2, IWR-1-PEG-Biotin,
IWP-PEG-Biotin, and IWR-Cy3 were carried out as
described in FI1G. 12 and F1G. 13. Exemplary characterization
data of some of the compounds disclosed herein 1s provided
below. 'H-NMR spectra for compounds IWR-8, 9, 10,11, 12,
13, 14, 15, 18 and 19 are provided 1n FIGS. 15-24, respec-
tively.

[0220] IWP-1: 1H NMR (400 MHz, DMSO-d,) 0 12.42
(br, 1H, NH), 8.98 (t, J=5.9 Hz, 1H, NH), 8.73 (d, J=7.8 Hz,
1H), 8.38 (d, JI=7.8 Hz, 1H), 7.99(dd, J=7 .8, 7.6 Hz, 1H), 7.92
(dd, JI=7.8,7.6 Hz, 1H), 7.65 (d, J=8.2 Hz, 2H), 7.63 (d, J=8.5
Hz, 1H), 7.54 (d, J=2.3 Hz, 1H), 7.08 (d, J=8.2 Hz, 2H), 7.02
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(dd, J=8.5, 2.3 Hz, 1H), 4.28 (d, J=5.9 Hz, 2H), 3.83 (s, 3H).
3.80 (s, 3H); *C NMR (100 MHz, DMSO-d.) 8 179.7, 168 3,
163.7, 158.7,158.4, 156.2, 155.7, 137.9, 134.3, 133.9, 132.8,
132.3,128.0,127.5,127.3,126.8,126.7,121.2, 114.9, 1137,
104.7, 55.6, 55.5, 42.4; MS(ES+) calc’d. for C,.H,,N.O.S
(M+H)*516.1. found 516.1.

[0221] IWR-1: 'HNMR (400 MHz, CDCI,) § 10.72 (s, 1H,
NH), 8.89 (dd, J=7.3, 1.1 Hz, 1H), 8.81 (dd, J=4.1, 1.2 Hz,
1H)., 8.17 (dd. J=8.2. 1.1 Hz, 111, 8.13 (d, J=8.4 [z, 211, 7.56
(dd, J=8.2,7.3 Hz, 1H), 7.53 (dd, J=8.2, 1.2 Hz, 1H), 7.46 (dd,
J=8.2, 4.1 Hz, 1H), 7.37 (d, J=8.4 Hz, 2H), 6.28 (s, 2H), 3.53
(s, 2H), 3.47 (s, 2H), 1.80 (d, J=8.8, 1H), 1.62 (d, J=8.8, 1H);
13C NMR (100 MHz, CDCL,) 8 176.5, 164.6, 148.4, 138.8,
136.5, 135.2, 134.9, 134.8, 134.5, 128.2, 128.0, 127.5, 126.9,
122.0, 121.8, 116.6, 52.4, 46.0, 45.7; MS(ES+) calc’d. for
C,-H,.N,0, (M+H)*410.2. found 410.1.

[0222] IWR-3: '"H NMR (400 MHz, DMSO-d,) & 8.24 (1,
J1=6.0 Hz, 1H, NH), 8.09 (dd, J=7.8, 0.4 Hz, 1H), 7.70-7.64
(m, 2H), 7.32-7.19 (m, 9H), 6.92 (d, J=6.9 Hz, 1H), 6.05 (s,
1H), 3.25 (s, 2H), 4.23 (d, J=6.0 Hz, 2H), 3.88 (d, J=6.9 Hz,
2H), 2.90 (s, 3H), 2.16-2.11 (m, 1H), 1.77-1.71 (m, 5H),
1.37-1.28 (m, 2H), 1.09-1.00 (m, 2H); '°C NMR (75 MHz,
CDCl;y) o0 175.1, 161.5, 161.2, 160.6, 153.4, 151.0, 143.6,
139.9,136.9,135.4,128.3,128.2, 127.1,126.7,124.5, 123.0,
118.9,115.1,114.8, 101.9,47.2,46.9, 44.0, 41.8, 35.7, 29.7,
28.9, 24.1; MS(ES+) calc’d. for C;;H, N O, (M+H)"564 3.
found 564.1.

Example 4

Inhibitors of Wnt Production IWPs) Target the
Porcupine Acyltransierase

[0223] Tha ability of two genes known to be essential to the
production of Wnt ligands were tested, Evenness interrupted
(Evi1) and Porcupine (Porc), to rescue pathway response in
cells treated with an IWP. Expression of Porc but not Evi
alleviated the effects of IWP-2 on pathway activity (FIG. 4A)
and Wnt secretion (FI1G. 4B), suggesting that in general IWPs
may act on Porc. Porc, a member of the membrane-bound
O-acyltransierase (MBOAT) family, adds a palmitoyl group
to Wnt proteins that 1s essential to their normal function, and
1s required for Wnt protein transport out of the ER (Takada et
al., 2006). Consistent with an inhibition of Porc function by
IWPs, the levels of lipidated Wnt3A as measured using a
detergent solubaility fractionation assay are decreased in IWP-
2-treated cells but are unchanged in those cells overexpress-
ing Porc (FIG. 4C). In order to test 1f Porc interacts with IWP
compounds, a biochemical reagent was generated that would
allow pull-down of IWP-associated proteins using streptavi-
din-coated matrix [IWP-PEG-Biotin IWP-PB); FIG. 4D].
Indeed, specific binding of Porc to IWP-PB was observable
(FIG. 4E). Considering the functional and biochemical data
together, and without being bound by theory, the simplest
model for IWP action 1s that 1t directly imhibits the activity of
Porc (FIG. 4F). Recent evidence suggests a cytoplasmic acyl-
transierase controls LRP6 protein maturation by addition of a
palmitoyl adduct to residues juxtaposed to the transmem-
brane sequence (Abrami et al., 2008). Consistent with the
specificity of IWPs for Porc and Wnt ligand production, these
compounds do not alter cellular response to exogenously
supplied Wnt protein (FIG. 9A).
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Example 5

IWR Compounds Down-Regulate 3-Catenin Protein
Levels by Stabilizing the Axin2 Destruction
Complex

[0224] Based on biochemical evidence, IWR compounds
likely 1inhibit Wnt-induced accumulation of p-catenin by tar-
geting a pathway component that functions downstream of
LRP6 and Dv12 (see FIG. 3). To further localize their site-oi-
action, the ability of IWR-1 to block 3-catemin accumulation
in mouse L-cells treated with siRNAs targeting the APC
tumor suppressor was tested (FIG. 5A). The effectiveness of
IWR-1 1n this context prompted testing of the IWR com-
pounds 1n colorectal cancer (CRC) cells that frequently har-
bor loss-of-function mutations mn APC (Sjoblom et al., 2006).
Indeed, the IWR compounds were able to abrogate to varying
degrees aberrant Wnt pathway activity exhibited in DLD-1
cells, a CRC line that expresses a truncated form of APC

(FIG. 5B).

[0225] The (-catenin destruction complex, which consists
of APC, Axin, CK1, and GSK3[3, promotes proteasome-me-
diated proteolysis of phosphorylated p-catenin (Huang and
He, 2008). The biochemical effects of IWR compounds on
components of this destruction complex in DLD-1 cells and
observed an IWR-dependent induction of Axin2 protein with
little change 1n levels of APC or GSK3§ (FIG. 5C). Despite
this increase in Axin2 protein, a concomitant decrease in
B3-catenin levels was not observed, as would be expected
based on the reporter assay results (see FIG. 5B) and the
understanding of Axin2 function. As the majority of f-catenin
protein 1n colonic epithelial cells are sequestered 1n com-
plexes with the cell-cell adhesion molecule E-cadherin (Or-
sulic etal., 1999), the pool of “Ifree” 3-catemin that 1s available
for Wnt-mediated response was examined. Indeed, levels of
3-catenin not bound to E-cadherin are decreased in DLD-1
cells after addition of IWR-1 (FIG. 5D). The induction of
Axin2 protein by IWRs does not appear to be dependent upon
transcription suggesting these compounds act by stabilizing,
the protein (FIG. 5E). The effectiveness of the IWR com-
pounds for inhibiting Wnt/p-catenin pathway response can in
part be explained by the rate-limiting role that Axin2 occupies
in pathway response (Lee et al., 2003).

[0226] Interaction of Axin2 with a biotinylated IWR com-
pound 1n vitro suggests that IWR compounds interact either
directly target Axin2 or an Axin2 associated protein (FIG.
5F,G). Without being bound by theory regarding how IWR
compounds alter Axin2 protein turnover, the inventors postu-
late that their effectiveness for inhibiting Wnt/[3-catenin path-
way response caninpart be explained by the rate-limiting role
that Axin2 occupies 1n pathway response (Lee et al., 2003).
Taken together, the IWR compounds have revealed a chemi-
cally tractable regulatory mechanism within this pathway that

could be exploited to control levels of Wnt/{3-catenin pathway
response (FIG. SH).

Example 6

Chemical Disruption of the Wnt/p-Catenin Pathway
in Regeneration

[0227] In order to test the 1n vivo activity of the identified
IWR and IWP compounds, a simple and rapid assay of Wnt/
3-catenin pathway activity was pursued—regeneration of the

caudal fin 1 zebrafish (Stoick-Cooper et al., 2007).
[0228] Experimental Conditions: Zebrafish Studies.

[0229] 6 month-old zebrafish were incubated 8 or 14 days

at 28.5° C. 1 aquarium water supplemented with 10 uM IWR
or 1n 0.1% DMSO as a control. Fish were fed standard diet,
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and solutions were changed daily. At the end of the exposure,
zebrafish were mncubated 1n 1 mM BrdU in aquarium water
for 2 hrs at room temperature, then washed several times 1n
aquarium water, anesthetized with 0.1% Tricaine, and fixed 1n
4% paratormaldehyde for 48 hrs at 4° C. The intestine was
dissected out, dehydrated, parailin embedded and sectioned
at 5 mm 1ntervals. Sections were stained with Hematoxylin
and Eosin or processed for BrdU immunohistochemistry as
described (Shepard et al., 2005). Sections from 8 animals
cach from IWR and DMSO groups were independently
scored by four blinded observers. The total number of 1ntes-
tinal folds and total number of BrdU-positive nuclei 1n the
mid and distal sections of the intestine were counted from
cach section. For caudal fin regeneration assays, zebrafish,
3-6 months of age, were anaesthetized 1n 0.2% Tricaine and
half of the fin was resected using a razor blade to remove.
Amputees were reared at 31° C. 1n tanks containing either 300

ml of water with DMSO or IWR (10 M). Water and com-
pounds were replenished daily for a total assay period of 4

days.
[0230] Discussion of Results:
[0231] Whereas the inclusion of IWR-1 1n the water of

zebrafish suppressed fin regeneration aiter mechanical resec-
tion, addition of IWP-2 failed to do so, suggesting that IWP
compounds either have poor bioavailability, or that the deter-
minants in the gene product that they target are not conserved
in zebrafish (FIG. 6 A). Next, the effects of IWR-1 treatment
on maintenance of dividing cells 1n the zebrafish gastrointes-
tinal (GI) tract, another Wnt-dependent process (Muncan et
al., 2007), was examined. An abundance of genetic evidence
suggests that the GI tissue 1n metazoans 1s particularly sensi-
tive to perturbations in Wnt pathway activity (Clevers, 2006).
Consistent with the specific activity of IWR-1 against the
Wnt/p-catenin pathway in zebrafish, a decreased number of
the bromodeoxyuridine (BrdU)-labeled cells typically found
at the base of the mtestinal in IWR-1-treated fish (FIG. 6B
lett, 6C) was found. Fish treated for periods longer than 4
days exhibit lethargy and decreased appetite, which corre-
lates with gross histological changes in the architecture of GI
tissue (FI1G. 6B, right). Taken together, the ability of IWR-1 to
block Wnt/p-catenin pathway-dependent processes 1n
zebrafish suggest the IWR compounds may be similarly use-
tul for 1n vivo studies in mammals.

Example 7

Chemical Disruption of Wnt Pathway Responses 1n
Cancer

[0232] As discussed herein, aberrant Wnt pathway activity,
sustained either by genetic changes that result 1n altered Wnt
ligand activity or the function of pathway regulators, has been
associated with a broad range of cancers (Clevers, 2006;
Polakis, 2007). Many colorectal- and some lung cancer-de-
rived cells harbor molecular changes that result 1n aberrant
activation of Wnt-mediated cellular responses. The DLD-1
cells, like many other CRC cells, harbor a mutation 1n APC
whereas the selected lung cancer cell lines (A549, H1299,
H460 cells) have been shown to aberrantly express excessive
levels of Porc that contributes to their tumorigenic behavior
(Chen et al., 2008; Polakis, 2007). In both instances, aberrant
pathway activity can be influenced by inhibition of normal
Wnt protein function (Clevers, 2006).

[0233] Experimental Conditions: Cancer Cell Growth
Studies:
[0234] Inexperiments involving IWR and IWP treatments,

cancer cells were seeded into a 24 well format (2.5K cells/
well) 1n the presence of the noted Wnt pathway inhibitors

(0.5% DMSO final). Media and compound changed every 24
hours for 5 days. On day 6, ATP levels were quantitated via
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cell titer glo assay (Promega). In experiments involving

siIRNA transfections, cells were transfected with 50 nM con-
trol, Ctnnb1, or Porcn siRNAs (SMARTPools, Dharmacon)
using Effectene transiection reagent ((Q1agen) and seeded 1nto
a 96 well plate, 7.35K cells/well, 1n triplicate. After 48 hrs,
2.5K cells were transferred from each well into a six well
tormat. ATP levels were measured 120 hrs later via Cell Titer
Glo assay (Promega).

[0235] Discussion of Results:

[0236] In a growth-sensitivity test of lung cancer and col-
orectal cancer cells, dose-dependent responses to both IWR
and IWP compounds were generally observed (FIG. 7A) that
are consistent with chemically-induced biochemical changes
in these cells (FI1G. 7B). Interestingly, IWP-1 was found to be
consistently more etlective than IWR-4 at inhibiting cancer-
ous cell growth, likely reflecting the greater potency of IWP

compounds 1n general for inhibiting the pathway (see FIGS.
2.3). Also relevant 1s the likelthood that IWP but not IWR
compounds aifect all Wnt pathway responses, including

those that are not dependent upon 3-catenin (the so called
“non-canonical Wnt pathways). Indeed, the Wnt proteins that
control these others pathways also appear to be reliant upon
Porc for maturation and functionality (FIG. 7C; Kurayoshi et
al., 2007). In the case of DLD-1 treated with IWPs, the inven-
tors suspect that that one or more non-Dvl-dependent path-
way responses have been inhibited. Currently, little 1s known
about the contribution of these other Wnt pathways to car-
cinogenesis. Consistent with a role for Wnt pathways that are
not dependent upon {3-catenin for sustaining growth of both
cancer cell lines, treatment of either cell types with Porc
s1IRNAs resulted 1n loss of cell growth, whereas [3-catenin
s1IRNNAs mostly influenced the DLD-1 growth behavior (FIG.
7D). Though 1t 1s currently not known which “non-canonical”
Wnt pathways may be active in these cells, the inventors,
without being bound by theory, favor a model whereby the
IWR compounds selectively inhibit +3-catenin-dependent
signalling and the IWP compounds more broadly attack Wnt-
mediated cellular responses (FIG. 7E).

[0237] All of the methods and apparatuses disclosed and
claimed herein can be made and executed without undue
experimentation in light of the present disclosure. While the
compositions and methods of this invention have been
described 1n terms of preferred embodiments, 1t will be appar-
ent to those of skill in the art that variations may be applied to
the methods and apparatuses and in the steps or in the
sequence of steps of the methods described herein without
departing from the concept, spirit and scope of the invention.
More specifically, it will be apparent that certain agents which
are both chemically and physiologically related may be sub-
stituted for the agents described herein while the same or
similar results would be achieved. All such similar substitutes
and modifications apparent to those skilled in the art are
deemed to be within the spirit, scope and concept of the
invention as defined by the appended claims.
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1. A method of inhibiting Wnt protein signalling 1n a cell

comprising administering to the cell an effective amount of a

compound of formula (A):

Takada et al., Dev. Cell, 11:791-801, 2006.
Van der Flier et al., Gastroenterology, 132:628-632,

(A)
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wherein:

R, 18

%i{b

Ryj

wherein

R, 1s selected from the group consisting of hydrogen,
halogen, alkyl .4, substituted alkyl .., alkoxy
(c=4)> Substituted alkoxy .4, and

linker

R, 1s selected from the group consisting of hydrogen, alkyl
(c=a) Substituted alkyl _,,, alkoxy ., and substituted
alkoxXy 4, and

R, 1s selected from the group consisting of hydrogen, halo-
gen, alkyl _,,, substituted alkyl ._,,, alkoxy _4,, sub-
stituted alkoxy c.4),

HN)I\ NH.
linker
S
O
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2. The method of claim 1, wherein the compound 1s further
defined by formula (I):

(D)

/
\

\

wherein:

R, 18

/ \_—-s o
at

Ry

wherein

R,, 1s selected from the group consisting of hydrogen,
halogen, alkyl ., substituted alkyl .., alkoxy
(c=4) Substituted alkoxy .4, and

linker

R, 1s selected trom the group consisting of hydrogen, alkyl
(c=a), Substituted alkyl ., alkoxy .4, and substituted
alkoxy c.4)> and

R 1s selected from the group consisting of hydrogen, halo-
gen, alkyl -4, substituted alkyl ..4,, alkoxXy .4, sub-
stituted alkoxy 4,

‘ izé_ %/3 B
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O
HN).I\NH
linker
S
O

3. The method of claim 2, wherein the cell 1s 1n vitro.

4. The method of claim 2, wherein the cell 1s 1n vivo.

5. The method of claim 2, wherein the method of inhibiting
Wnt protein signalling 1s further defined as a method of 1nhib-
iting Wnt response.

6-8. (canceled)

9. The method of claim 2, wherein the method of inhibiting
Wnt protein signalling 1s further defined as a method of 1nhib-
iting Wnt protein production.

10. The method of claim 9, wherein the compound of
tormula (I) 1s further defined as a compound of formula (I1I):

(111)

S O
Ros
b
N
% )\
N
Y \’K\s
N O
)(‘j\
HN NH
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wherein:

R,s1salkyl 4, substituted alkyl ._,,, alkoxy ._,,, Or sub-
stituted alkoxy .4y and

R, 1s selected from the group consisting of

Rog
Z N o
\N

J
LD

wherein R, are each independently selected from the
group consisting ot hydrogen, halogen, alkyl .4,
substituted alkyl ._,,, alkoxy 4, substituted alkoxy
(c=4)and

\m

O

HN )J\ NH.
linker
S
O

11. The method of claim 10, wherein the compound of
formula (III) 1s further defined as any one or more of the
following;:

7 0
S AN ‘ . ‘ S
2
"~ Nw(\)\
\Sr O S N
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-continued
OCHj;

ZZ

A
N Ny S
N PV,
y \\]/\H/\S N

S O

/

12. The method of claim 2, wherein the compound of
tormula (I) 1s further defined as a compound of formula (IV):

(IV)

wherein:
R, 1s selected from the group consisting of

S

R34\/\/R35 0
N

A
j{\s)\N/‘\) |

wherein R, and R;. are selected from the group con-
sisting of hydrogen, halogen, alkyl ., substituted
alkyl 4y, alkoxy .4, substituted alkoxy .4, and

\

O

HN)tNH;
linker
S
O
and
R;, 18
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wherein R,, 1s selected from the group consisting of
hydrogen, halogen, alkyl _,,, substituted alkyl .,
alkoxy .4, and substituted alkoxy ._g-
13. (canceled)
14. A method of treating cancer 1n a patient comprising
administering to the patient an effective amount of a com-
pound of formula (I):

()

R
N
P
R3
wherein:
R, 1s

Ry

wherein
R, 1s selected from the group consisting of hydrogen,

halogen, alkyl ., substituted alkyl .., alkoxy
(c=4y> SUbstituted alkoxy ., and

O

HN ).I\ NH
linker
>
O ;
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R, 1s selected from the group consisting of hydrogen, alkyl
(C=4)s substituted alkyl( C=d)» :-5111{(?::5«:y(C5 4 and substituted
alkoxy c.4); and

R, 1s selected from the group consisting of hydrogen, halo-
gen, alkyl .4, substituted alkyl _,,, alkoxy .4, sub-
stituted alkoxy .4,

Tl

I

N N

s

S

O

)k

/ \
2

)/\/\r\/\}/\])]\/\/‘ )(L
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-continued

linker

15. The method of claim 14, wherein the compound of
formula (I) 1s further defined as any one or more of the
following compounds:

/\‘ o
N

~ S

s

S

\r\r\*

16. The method of claim 14, wherein the compound of
tformula (I) 1s comprised with a pharmaceutically acceptable
carrier, diluent, and/or excipient 1n a pharmaceutical compo-
s1tion.

17. The method of claim 14, wherein the cancer 1s colorec-
tal cancer, breast cancer, liver cancer, lung cancer, or prostate
cancetr.
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18. The method of claim 14, further comprising adminis-
tration of a chemotherapeutic, radiation therapy,
immunotherapy, hormone therapy, toxin therapy, or gene
therapy.

19. The method of claim 14, wherein the method of admin-
istration 1s selected from the group consisting ol intrave-
nously, intradermally, intraarterially, intraperitoneally,
intralesionally, intracramially, intraarticularly, intraprostati-
caly, intrapleurally, intratracheally, intranasally, intravitre-
ally, intravaginally, intrarectally, topically, intratumorally,
intramuscularly, subcutaneously, subconjunctival, intrave-
sicularlly, mucosally, ntrapericardially, intraumbilically,
intraocularally, orally, locally, via inhalation, via injection,
via infusion, via continuous infusion, via localized perfusion
bathing target cells directly, via a catheter, via a lavage, in
cremes, 1n lipid compositions, or any combination thereof.

20. The method of claim 14, wherein the dose of the com-
pound of formula (I) that 1s administered 1s about 1 pg/kg to
about 100 mg/kg.

21. A method of treating or preventing osteopetrosis 1n a
patient comprising administering to the patient an effective
amount of a compound of formula (I):

(D

R
N
F
R3
wherein:
R, 1s

Ry

wherein

R, 1s selected from the group consisting of hydrogen,
halogen, a}kyl(cg4)j substituted alkyl .4, alkoxy
(c=4)» Substituted alkoxy .4, and

O

HN)kNH
linker
S
O ;
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R, 1s selected from the group consisting of hydrogen, alkyl
(c=a), Substituted alkyl ~_,,, alkoxy ..,, and substituted
alkoxy c.4); and

R, 1s selected from the group consisting of hydrogen, halo-
gen, alkyl -4, substituted alkyl ..4,, alkoxXy .4, sub-

stituted alkoxy .43,
O
O
N
E/
O : and
O
HN NH.
linker
S
O

22. The method of claim 21, further comprising adminis-
tration of a second osteopetrosis-treating agent or a second
osteopetrosis-preventing agent.

23. The method of claim 21, wherein the method of admin-
istration 1s selected from the group consisting of intrave-
nously, intradermally, intraarterially, intraperitoneally,
intralesionally, intracranially, intraarticularly, intranasally,
topically, intramuscularly, subcutaneously, intraumbilically,
orally, locally, via inhalation, via mjection, via infusion, via
continuous infusion, via localized perfusion bathing target
cells directly, via a catheter, 1n cremes, 1n lipid compositions,
or any combination thereof.

24. The method of claim 14, wherein the dose of the com-

pound of formula (I) that 1s administered 1s about 1 ug/kg to
about 100 mg/kg.

25. A method of treating a degenerative disease 1n a patient
comprising administering to the patient an effective amount
of a compound of formula (I):

()

R
N
s
R3
wherein:
R, 1s

%\ﬂ/fjib

asl
a

Ry
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wherein

R, 1s selected from the group consisting of hydrogen,
halogen, alkyl .4, substituted alkyl .., alkoxy
(c=4)> SUbstituted alkoxy ._,, and

O

HN)‘LNH
linker
S
O ;

R, 1s selected from the group consisting of hydrogen, alkyl
(c=a) Substituted alkyl _,,, alkoxy ., and substituted
alkoxy c.4); and

R, 1s selected from the group consisting of hydrogen, halo-
gen, alkyl -4, substituted alkyl .4, alkoxy .4, sub-

stituted alkoxy c.4),
O
O

N
H

O ? and

i
HN\ /NH
linker )
S
O

26. The method of claim 25, wherein the degenerative
disease 1s type II diabetes or age-related impairment of tissue
repait.

27. The method of claim 25, further comprising adminis-
tration of a second agent to treat a degenerative disease.

28. The method of claim 25, wherein the method of admin-
istration 1s selected from the group consisting of intrave-
nously, intradermally, intraarterially, intraperitoneally,
intralesionally, intracramally, intraarticularly, intraprostati-
caly, intrapleurally, intratracheally, intranasally, intravitre-
ally, intravaginally, intrarectally, topically, intramuscularly,
subcutaneously, subconjunctival, intravesicularlly, mucos-
ally, intrapericardially, intraumbilically, intraocularally,
orally, locally, via inhalation, via injection, via infusion, via
continuous infusion, via localized perfusion bathing target
cells directly, via a catheter, via a lavage, 1n cremes, 1n lipid
compositions, or any combination thereof.

29. The method of claim 25, wherein the dose of the com-
pound of formula (I) that 1s administered 1s about 1 pg/kg to
about 100 mg/kg.

30. A method of treating type 11 diabetes 1n a patient com-
prising administering to the patient an effective amount of a

compound of formula (I):
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()

/

\

wherein:

R, 1s selected trom the group consisting of

Ry

wherein
r and t are each independently O or 1,

R,, 1s selected from the group consisting of hydrogen,
halogen, alkyl .4, substituted alkyl ... alkoxy
(c=4) Substituted alkoxy .4, and

linker

R, 1s selected from the group consisting of hydrogen, alkyl
(c=a), Substituted alkyl -, alkoxy ..., and substituted
alkoxXy .4, and

R 1s selected from the group consisting of hydrogen, halo-

gen, alkyl _,,, substituted alkyl ._,,, alkoxy _,,, sub-
stituted alkoxXy .43,
O
O
N
N
H
O , and
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-continued

linker

O

31. The method of claim 30, further comprising adminis-
tration of a second agent to treat diabetes.

32. The method of claim 30, wherein the method of admin-
istration 1s selected from the group consisting of intrave-
nously, intradermally, intraarterially, intraperitoneally,
intralesionally, intracramially, intraarticularly, intraprostati-
caly, intrapleurally, intratracheally, intranasally, intravitre-
ally, intravaginally, intrarectally, topically, intramuscularly,
subcutaneously, subconjunctival, intravesicularlly, mucos-
ally, 1intrapericardially, intraumbilically, intraocularally,
orally, locally, via inhalation, via injection, via infusion, via
continuous infusion, via localized perfusion bathing target
cells directly, via a catheter, via a lavage, 1n cremes, 1n lipid
compositions, or any combination thereof.

33. The method of claim 30, wherein the dose of the com-
pound of formula (I) that 1s administered 1s about 1 pg/kg to
about 100 mg/kg.

34. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier, diluent, and/or excipient and
any one or more of the following compounds:

H;CO
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-continued
b

O
NJJIB
: U
N N
h
O

= 0
00
T
C

or

OCH;

7 0

\‘N ‘S
- PR
~T T

35-60. (canceled)
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