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The BCR-ABL oncogene is the product of Philadelphia chromosome (Ph) 22q, and encodes a
chimeric BCR-ABL protein that has constitutively activated ABL tyrosine kinase activity. (Lugo et
al., Science 1990, 247:1079-1082). BCR-ABL is the underlying cause of chronic myeloid leukemia
(aka chronic myelogenous leukemia or CML). Whereas the 210 kDa BCR-ABL protein is
expressed in patients with CML, a 190 kDa BCR-ABL protein resulting from an alternative
breakpoint in the BCR gene is expressed in patients with Ph positive (Ph") acute lymphoblastic
leukemia (ALL). (Bartram et al., Nature 1983, 306:277-280; Chan et al., Nature 1987, 325:635-
637).
BCR-ABL has been shown to induce proliferation and anti-apoptosis through various
mechanisms in committed myeloid or lymphoid progenitors or 3T3 fibroblasts. (Pendergast et al.,
Cell 1993, 75:175-85; Ilaria et al., J. Biol. Chem. 1996, 271:31704-10; Chai et al., J. Immunol.
1997, 159:4720-8; and Skorski et al., EMBO J. 1997, 16:6151-61). However, little is known about
the effect of BCR-ABL on the hematopoietic stem cell (HSC) population. Recent publications
suggest that developmental pathways like the Wnt signaling pathway or the Polycomb gene BMI1

might be involved in the regulation and expansion of leukemic stem cells (Mohty et al., Blood,

2007; Hosen et al., Stem Cells, 2007). BMI1 and beta-catenin are both upregulated in CML blast



WO 2011/ 019798PCT/ US2010/ 045133 2 crisis and their expression correl ates
with the progression of the disease. BCR ABL positive

gr anul ocywe-nmargpRage progenitors that have acquired - earArs2o0@XFABESSI ON
are candi date | eukem c stemcells in Blast-crisis CM.. Self-renewal

pat hways are involved in the expansion of the BCR-ABL positive | eukemc

stem cell i hg..chronic se ich | eads t e 1ni I ansi on of the
mal i gr?élrsl]ts an#?)hﬁélgexgﬁsﬁﬁn gﬁ?ﬁ\/ﬁ W&}ghhﬁ-@ %Qle H Sed ]‘B’etlﬁn‘l\xl@rflg I 0?1 pr ovi des
combi nairiudasteimderbpleige pestehionelidl et QijuiréEpicaenih ewplesdionmay chedidwef ul for

i nhi biting tunmor cell growh and for treating a vari et of cancers, In
one adpiemic steia ceHawdnesticsis siNlbn Spifwenesabpahwaysire ivphid épths exBInsignaft i r st

agent tﬁgﬁs&a{?%@o@w& ib%k@:ﬁf&gs‘?élﬁgelfh&ﬂ?én HGhiP ﬁé&)@’a%h{t‘}?ﬂeaﬁs §>etﬁ9ﬂrﬂue§lge“t t hat

i nhibits n anot her aspect e 1 nv ntlon provi des pharnaceutica
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the invention, the inventive conposl tion may be adm ni stered system

conpr |agldrag;e@mdl agewsrthatiiglybidgsBCR-ABL, or pharmaceutically acceptable salts or pharmaceutical
compositions thereof, thereby treating said BCR-ABL positive leukemia. For example, the
compositions of the invention may be used to treat chronic myeloid leukemia or acute lymphocyte
leukemia.

Furthermore, the present invention provides for the use of a therapeutically effective amount
of a combination comprising a first agent that inhibits hedgehog signaling pathway and a second
agent that inhibits BCR-ABL, or pharmaceutically acceptable salts or pharmaceutical compositions
thereof, in the manufacture of a medicament for treating a cell proliferative disorder, particularly
BCR-ABL positive leukemia.

In the above compositions and methods for using the compositions of the invention, the first
agent in the inventive composition may bind to Smo. In other embodiments, the second agent in the
inventive composition is an ABL inhibitor, an ABL/Scr inhibitor, an Aurora kinase inhibitor, or a
non-ATP competitive inhibitor of BCR-ABL.

In the above combinations, compositions and methods for using the compositions of the

invention, the inventive composition may be administered to a system comprising cells or tissues.
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conposition may be adm nistered to a human patient or animal subject. BRIEF
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second repl ate. Figure 3 describes the total nunbers of resultant

secondary col oni es as aBﬁﬁiffﬁBgﬁ@?ﬁ’ﬂfON b Bt et ®eNeRntrol in three
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L T T
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Figure 4 is an illustrative example of the total numbers of secondary colonies in a experiment
of primary CML cells treated with compound A or nilotinib or the two drugs in combination for 3
days. Results are expressed as a percentage of the untreated control.
Figure 5 indicates the total number of secondary colonies produced in “first replate”
experiments following 7 days exposure to compound A, nilotinib or a combination of the two.
Results are expressed as a percentage of the untreated control.
Figure 6 indicates the total number of secondary colonies produced in “first replate”
experiments following 3 days exposure to compound A, nilotinib or a combination of the two.
Results are expressed as a percentage of the untreated control.
Figure 7 demonstrates the proliferation index (PI) of primary CML cells after treatment with
compound A, nilotinib or both drugs by calculating the area under the curve (AUC) for the assays.
The PI reflects both the colonies produced and their extinction rate.
Figure 8 is 2.5 x 10° mouse bone marrow cells infected with Ber-abl retrovirus were plated in
400 ul per well (48-well plate) in OPTI-MEM media (10% FBS, 0.1% 2-Mercaptoethanol, 50ng/ml
SCF, 25ng/ml mIL-3 and 25ng/ml mIL-6) in the presence of the indicated concentrations of
AMN107 and compound A. After 3 days of culture cells were plated in methylcellulose at a
concentration of 1500 cells per 35 mm plate. Colony formation was scored 10 days after plating.
Figure 9. Colonies obtained in the 1* plating experiment of Figure 8 were resuspended and
washed in PBS containing 10%FCS. Cells were resuspended in OPTI-MEM media and plated in

methylcellulose at a concentration of 5000 cells per 35 mm plate. Colony formation was scored 10

days after plating.
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in which

Y;and Y, arel independently selected from N and CRjy; wherein Ry is selected from
hydrogen, halo, C;.alkyl, halosubstituted-C;.alkyl, C;.salkoxy, halosubstituted-C;salkoxy and -
OXNR0aR 10; Wherein Ryg. and Ry are independently selected from hydrogen and C,.¢alkyl;

R; is selected from cyano, halo, C;alkyl, halosubstituted-C,.salkyl, C;.salkoxy,
halosubstituted-C;_galkoxy, Cs.joaryl, dimethyl-amino, C,.¢alkyl-sulfanyl and Cj_gheterocycloalkyl
optionally substituted with up to 2 Cy_¢alkyl radicals;

R, and Rs are independently selected from hydrogen, cyano, halo, Cy.¢alkyl, halosubstituted-
C.salkyl, C;alkoxy, halosubstituted-C,.¢alkoxy and dimethylamino;

R; and Ry are independently selected from hydrogen, halo, cyano, Ci.salkyl, halosubstituted-
Ci.salkyl, C).¢alkoxy and halosubstituted-C;.¢alkoxy; or either Ry and R, or Ry and Rs together with
the phenyl to which they are both attached form Cs.joheteroaryl;

R and Ry are independently selected from hydrogen, C;.¢alkyl, halosubstituted-Cj.salkyl, C;.
salkoxy and halosubstituted-C).galkoxy; with the proviso that Rs and Ry are not both hydrogen;
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suitable excipients.

Compounds of Formula I are hedgehog pathway inhibitors.
Preferred compounds of Formula I are selected from 4'-cyano-6-methyl-biphenyl-3-carboxylic acid
[4-(morpholine-4-sulfonyl)-phenyl]-amide, 4'-cyano-6-methyl-biphenyl-3-carboxylic acid [6-(2,6-
dimethyl-morpholin-4-yl)-pyridin-3-yl]-amide, 4'-Cyano-2-methyl-biphenyl-3-carboxylic acid (6-
azepan-1-yl-pyridin-3-yl)-amide, 4'-Methoxy-2-methyl-biphenyl-3-carboxylic acid (6-azepan-1-yl-
pyridin-3-yl)-amide, 4'-Methoxy-2-methyl-biphenyl-3-carboxylic acid (4-cyclohexyl-phenyl)-
amide, 4'-Methoxy-2-methyl-biphenyl-3-carboxylic acid [6-(2-methyl-morpholin-4-y])-pyridin-3-
yl}-amide, 4'-Dimethylamino-2-methyl-biphenyl-3-carboxylic acid (4-cyclohexyl-phenyl)-amide,
4'-Dimethylamino-2-methyl-biphenyl-3-carboxylic acid (4-morpholin-4-yl-phenyl)-amide, 6-
Chloro-4'-dimethylamino-biphenyl-3-carboxylic acid (6-[1,4]oxazepan-4-yl-pyridin-3-yl)-amide, 6-
Chloro-4'-dimethylamino-biphenyl-3-carboxylic acid (6-morpholin-4-yl-pyridin-3-yl)-amide, 6-
Chloro-4'-dimethylamino-biphenyl-3-carboxylic acid (6-azepan-1-yl-pyridin-3-yl)-amide, 6-
Chloro-4'-methoxy-biphenyl-3-carboxylic acid [6-(2-methyl-morpholin-4-yl)-pyridin-3-yl]-amide,
6-Chloro-4'-methoxy-biphenyl-3-carboxylic acid (6-[1,4]oxazepan-4-yl-pyridin-3-yl)-amide, 6-
Chloro-4'-methoxy-biphenyl-3-carboxylic acid (6-azepan-1-yl-pyridin-3-yl)-amide, 6-Chloro-4'-
methoxy-biphenyl-3-carboxylic acid (6-morpholin-4-yl-pyridin-3-yl)-amide, 4'-Methoxy-6-methyl-



In a second aspect, the present invention provides a pharnmaceuti cal
conposi tion which contains a conpound of Fornula |I or a N-oxide derivative,
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{644- (3-chl or o- benzyl) - pi perazi n-1-yl}-pyridin-3-yll-ani de,

4' - Cyano- 6- et hyl - bi phenyl - 3-carboxylic acid
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Conmpound A The above conpounds of Formula | are further described in WO
2007/131201. Conpounds of Fornula Il- Snmoothened Inhibitors The present
i nvent i orwoebatm|s79o a conpounds of the formula (11): WOI/US2010/045133
2011/ 019798PCT/ US2010/ 045133 11 R4(P) 8/ R7 xlI

3-carboxylic acid [4-(piperidine-1-sulfonyl)-phenyl]-amide, 4'-Cyano-6-methyl-biphenyl-3-
carboxylic acid [6-(4-benzyl-[1,4]diazepan-1-yl)-pyridin-3-yl]-amide, 4'-Cyano-6-methyl-biphenyl-
3-carboxylic acid [6-(4-thiophen-3-ylmethyl-[1,4]diazepan-1-yl)-pyridin-3-yl]-amide, 4'-Cyano-2-
methyl-biphenyl-3-carboxylic acid [6-(2,6-dimethyl-morpholin-4-yl)-pyridin-3-yl]-amide, 4'-
Methoxy-2-methyl-biphenyl-3-carboxylic acid [6-(2,6-dimethyl-morpholin-4-y1)-pyridin-3-yl]-
amide, 2-Methyl-4'-trifluoromethyl-biphenyl-3-carboxylic acid [6-(2,6-dimethyl-morpholin-4-y])-
pyridin-3-yl]-amide, 2-Methyl-4'-trifluoromethoxy-biphenyl-3-carboxylic acid [6-(2,6-dimethyl-
morpholin-4-yl)-pyridin-3-yl]-amide, 4'-Cyano-2-methyl-biphenyl-3-carboxylic acid [6-(2-methyl-
morpholin-4-yl)-pyridin-3-yl]-amide, 4'-Cyano-2-fluoro-biphenyl-3-carboxylic acid [4-(piperidine-
1-sulfony!)-phenyl}-amide, 4'-Cyano-6-trifluoromethyl-biphenyl-3-carboxylic acid [4-(piperidine-1-
sulfonyl)-phenyl]-amide, 4'-Cyano-6-methyl-biphenyl-3-carboxylic acid [6-(4-pyridin-4-ylmethyl-
[1,4]diazepan-1-yl)-pyridin-3-yl}-amide, 4'-Cyano-6-methyl-biphenyl-3-carboxylic acid [6-(4-
pyridin-3-ylmethyl-[1,4]diazepan-1-yl)-pyridin-3-yl]-amide, 4'-Cyano-6-methyl-biphenyl-3-
carboxylic acid {6-[4-(2,6-dimethoxy-benzyl)-[1,4]diazepan-1-yl}-pyridin-3-yl}-amide, 4'-Cyano-
6-methyl-biphenyl-3-carboxylic acid {6-[4-(2-ethoxy-benzyl)-[1,4]diazepan-1-yl]-pyridin-3-yl}-
amide, 4'-Cyano-6-methyl-biphenyl-3-carboxylic acid (6-{4-[2-(4-methyl-piperazin-1-yl)-benzyl]-
[1,4]diazepan-1-yl}-pyridin-3-yl)-amide, 4'-Cyano-6-methyl-biphenyl-3-carboxylic acid {6-[4-(4-
methoxy-2,3-dimethyl-benzyl)-[1,4]diazepan-1-yl}-pyridin-3-yl}-amide, 4'-Cyano-6-methyl-
biphenyl-3-carboxylic acid {6-[4-(2,3-dihydro-benzo[1,4]dioxin-6-ylmethyl)-[1,4]diazepan-1-yl]-
pyridin-3-y1}-amide, 4'-Cyano-6-methyl-biphenyl-3-carboxylic acid [6-(4-pyridin-2-ylmethyl-
[1,4]diazepan-1-yl)-pyridin-3-yl]-amide, 4'-Cyano-6-methyl-biphenyl-3-carboxylic acid [6-(4-
benzo[1,3]dioxol-4-ylmethyl-[1,4]diazepan-1-yl)-pyridin-3-yl]-amide, 4'-Cyano-6-methyl-
biphenyl-3-carboxylic acid {6-[4-(2-trifluoromethoxy-benzyl)-[1,4]diazepan-1-yl]-pyridin-3-yl}-
amide, 4'-Cyano-6-methyl-biphenyl-3-carboxylic acid {6-[4-(2-dimethylamino-benzyl)-
[1,4]diazepan-1-yl]-pyridin-3-yl}-amide, 4'-Cyano-6-methyl-biphenyl-3-carboxylic acid {6-[4-(2-
chloro-5-trifluoromethyl-benzyl)-[1,4]diazepan-1-yl]-pyridin-3-yl}-amide, 4'-Cyano-6-methyl-
biphenyl-3-carboxylic acid {6-[4-(2,3-difluoro-benzyl)-[1,4]diazepan-1-yl]-pyridin-3-yl}-amide, 4'-
Cyano-6-methyl-biphenyl-3-carboxylic acid {6-[4-(2-chloro-4-fluoro-benzyl)-[1,4]diazepan-1-yl}-
pyridin-3-yl}-amide, 4'-Cyano-6-methyl-biphenyl-3-carboxylic acid {6-[4-(2,6-difluoro-benzyl)-
[1,4]diazepan-1-yl]-pyridin-3-y1}-amide, 2-Chloro-4'-cyano-biphenyl-3-carboxylic acid [4-
(piperidine-1-sulfonyl)-phenyl]-amide, 4'-Cyano-6-trifluoromethyl-biphenyl-3-carboxylic acid [6-
(2,6-dimethyl-morpholin-4-yl)-pyridin-3-yl]-amide, 2-Chloro-4'-cyano-biphenyl-3-carboxylic acid
[6-(2,6-dimethyl-morpholin-4-yl)-pyridin-3-yl]-amide, 4'-Cyano-6-ethyl-biphenyl-3-carboxylic acid
[6-(2,6-dimethyl-morpholin-4-yl)-pyridin-3-yl}-amide, 4'-Cyano-6-methyl-biphenyl-3-carboxylic



Z (m and pharnmaceutically acceptable salts thereof, wherein Rl is a
C6- 14 aryl group, or a 5-14 nenbered heteroaryl group which may be

unsubst i twbedlianm®abst i t ut ed; R2 and R3 are i ndepenadrstog/o@Gi38 al kyl ,
Cl_8al kylOH, or R2 and R3 forma fused C3-14 cycl oal kyl group; Lis a
bond, C1-8 al kylene, -C(0)0-, -C(0)NR9-, -C1.8al kylOH, -Cl8hal oal kyl -
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carboxylic acid [6-(4-benzyl-piperazin-1-yl)-pyridin-3-yl]-amide, 4'-Cyano-6-methyl-biphenyl-3-

carboxylic acid [6-(4-pyridin-3-ylmethyl-piperazin-1-yl)-pyridin-3-yl]-amide, 4'-Cyano-6-methyl-
biphenyl-3-carboxylic acid {6-[4-(4-difluoromethoxy-benzyl)-piperazin-1-yl}-pyridin-3-yl}-amide,
4'-Cyano-6-methyl-biphenyl-3-carboxylic acid {6-[4-(4-cyano-benzyl)-piperazin-1-yl]-pyridin-3-
yl}-amide, 4'-Cyano-6-methyl-biphenyl-3-carboxylic acid [6-(4-quinolin-5-ylmethyl-piperazin-1-
yl)-pyridin-3-yl]-amide, 4'-Cyano-6-methyl-biphenyl-3-carboxylic acid [6-(4-pyridin-4-ylmethyl-
piperazin-1-yl)-pyridin-3-yl}-amide, 4'-Cyano-6-methyl-biphenyl-3-carboxylic acid [6-(4-pyridin-2-
ylmethyl-piperazin-1-yl)-pyridin-3-yl]-amide, 4'-Cyano-6-methyl-biphenyl-3-carboxylic acid {6-[4-
(4-imidazol-1-yl-benzyl)-piperazin-1-yl]}-pyridin-3-yl}-amide, 4'-Cyano-6-methyl-biphenyl-3-
carboxylic acid {6-[4-(3-cyano-benzyl)-piperazin-1-yl]-pyridin-3-yl}-amide, 4'-Cyano-6-methyl-
biphenyl-3-carboxylic acid [6-(4-isoquinolin-5-ylmethyl-piperazin-1-yl)-pyridin-3-yl]-amide, (R)-
2-methyl-N-(6-(2-methylmorpholino)pyridin-3-yl)-4'-(trifluoromethoxy)biphenyl-3-carboxamide,
4'-cyano-2-methyl-N-(6-sulfonylmorpholinopyridin-3-yl)biphenyl-3-carboxamide, (S)-4'-cyano-2-
methyl-N-(6-(2-methylmorpholino)pyridin-3-yl)biphenyl-3-carboxamide, (R)-6-chloro-N-(6-(2-
methylmorpholino)pyridin-3-yl)-4'-(trifluoromethoxy)biphenyl-3-carboxamide, 4'-cyano-2-methyl-
N-(6-sulfinylmorpholinopyridin-3-yl)biphenyl-3-carboxamide, 4'-cyano-N-(6-
(diisobutylamino)pyridin-3-yl)-2-methylbiphenyl-3-carboxamide, 4'-cyano-N-(2-((2S,6R)-2,6-
dimethylmorpholino)pyrimidin-5-y1)-2-methylbiphenyl-3-carboxamide, N-(2-((2S,6R)-2,6-
dimethylmorpholino)pyrimidin-5-y1)-2-methyl-4'-(trifluoromethyl)biphenyl-3-carboxamide, N-(2-
((2S,6R)-2,6-dimethylmorpholino)pyrimidin-5-yl)-2-methyl-4'-(trifuoromethoxy)biphenyl-3-
carboxamide, N-(2-(bis(2-hydroxyethyl)amino)pyrimidin-5-yl)-2-methyl-4'-
(trifluoromethoxy)biphenyl-3-carboxamide, 2-methyl-N-(6-(tetrahydro-2H-pyran-4-yloxy)pyridin-
3-yl)-4'~(triflucromethoxy)biphenyl-3-carboxamide, N-(5-chloro-6-((2S,6R)-2,6-
dimethylmorpholino)pyridin-3-y1)-2-methyl-4'-(trifluoromethoxy)biphenyl-3-carboxamide, N-(6-
((2R,68)-2,6-dimethyltetrahydro-2H-pyran-4-yl)pyridin-3-yl)-2-methyl-4'-

(trifluoromethoxy)biphenyl-3-carboxamide,



Wherein Rl may be substituted by one or nore of Cl1-8 al kyl, a C6-14 aryl
group, Cl1-8 hal oal kyl, Ci1-8 al koxy, halo, NH2, CN, OCF3, 01-1, C(0)NR6RS,
C(0) R6, NROR811/MHG80) R6, SO02R6, SO2NR6R8; WO 2011/ 019798PTBLMISAEANB3 045133
12 RO and R10 are independently Cl1-8 &l kyl or H R6 and R8 are

i ndependently H, Cl1_8 alkyl, C2_8 al kenyl, C3-14 cycloal kyl, a C6-14 aryl
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unsubstituted or substituted by one or nore of Cl al ky C3 14

cycl o&P#b?Kamléie(%mfﬁlYM@ @r%ﬁdmﬁ‘glnﬁhmm TY@P@’P%‘&I’%YI) droup, a 3-14
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anot hdl’-yl};ﬁ!}’bldfh 3nyt)t4’ (triihlommemcrﬁy)bmmm -B @arbiorah e £3-netmbp- O+ 6L -@lyriflimr4aul a
() Wi] tﬁylslplpen(im— 3-yDpyridin-3-yl)-4'-(trifluoromethoxy)biphenyl-3-carboxamide, N-(6-(1-

ethylpiperidin-3-yl)pyridin-3-yl1)-2-methyl-4'-(trifluoromethoxy)biphenyl-3-carboxamide and N-(6-
((2R,6S)—2,6-dimethylmorpholino)pyridin-3 -y1)-2-methyl-4'-(trifluoromethoxy)biphenyl-3-
carboxamide and 2-Methyl-4'-trifluoromethoxy-biphenyl-3-carboxylic acid [6-(cis-2,6-dimethyl-
morpholin-4-yl)-pyridin-3-yl}-amide, (also identified as Compound A in this document), which has

the formula:

Compound A

The above compounds of Formula I are further described in WO 2007/131201.

Compounds of Formula II- Smoothened Inhibitors

The present invention relates to a compounds of the formula (II):



I n anot her enbodi nent, the present invention includes conmpounds of fornula
(I'l') according to claim1l wherein RL is I n anot her enbodi nent, the
present iwoentiagrosncl udes conpounds of forrmula (I11) wheceius2:o4:183 and
WO 2011/ 019798PCT/ US2010/ 045133 13 11
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and pharmaceutically acceptable salts thereof, wherein

R1 is a C.14 aryl group, or a 5-14 membered heteroaryl group which may be unsubstituted
or substituted;

R2 and R3 are independently Cy.g alkyl, Cy.g alkylOH, or R2 and R3 form a fused Cj.14
cycloalkyl group;

L is a bond, C,.g alkylene, -C(0)O-, -C(O)NR9-, -C,.3 alkylOH-, -C,_g haloalkyl-, -C(O}-, -
NH- or -O-;

X and W are independently N or CRS5, and at least one of X or W is N;

R7 is a Cs.14 aryl group, a 5-14 membered heteroaryl group, or a 3-14 membered
cycloheteroalkyl group;

R4 is C;galkyl, Co.g alkenyl, C;.14 cycloalkyl, a Cg.14 aryl group, a 5-14 membered
heteroaryl group, a 3-14 membered cycloheteroalkyl group, Cy.g alkoxy, halo, NR6R8, C(O)OR6,
C(O)NR6RS, Cyshaloalkyl, formyl, carbalkoxy, C,_salkylOH, C(O)R6, SO,R6, C(O)NHC,.
salkylR6, NR6RS, SO,NR6RS, OCF;, NHC(O)R6, CH,OC(O)NR6RS8, CH,NR6RS, NHC(O)OR®,
NHC(O)NR6RS, CH,NHSO,R6, CH,NHC(O)OR6, OC(O)R6, or NHC(O)R6, which may be
substituted or unsubstituted;

Z is Cyg alkyl, CN, OH, or halogen;

m and p are independently 0-3;

Y is a bond, C;g alkylene, -C(O)-, -C(O)O-,-CH(OH)-, or -C(O)NR10;

RS5 is H, halogen, CN, lower alkyl, OH, OCHj; or OCF3;

Wherein R1 may be substituted by one or more of C)g alkyl, a Cs.14 aryl group, Cig
haloalkyl, C,_g alkoxy, halo, NH,, CN, OCF3;, OH, C(O)NR6RS8, C(O)R6, NR6R8, NHC(O)R6,
SO,R6, SO,NR6RS;



In yet anot her enbodi ment, the present invention includes conpounds of
formula (11) wherein R4 is C(0)0C1_8 al kyl, CF3, C(0)0OR6, C(0)NR6R8, C g
hal oal kylwoQalid1al9Ryl OH, C(0) R6, SO02R6, C(0)NHC1_8 al kyPR®/US2010/045133

C(CH3) (CH3) (OH), C(0)CH3, C(CH2)CH3, ™ C(CH3)(CH20H)OH, and R6 and
R8 are independently H, Cl1-8 al kyl, Cl1-8 al kenyl, C3-14 cycloal kyl, a C6-14
aryl group, a 5-14 nenbered heteroaryl group, or a 3-14 nenbered

cycl ohet elr@alnd 1034€ Hidepdnde@ROC NEsIkABReHI ment, the present invention
i ncl udes conpounds of forrmula (I1) wherein R4 is O N,0 00 NN -\/N O,

whi ch may RéeandRfuass indepersigndy H, Cis alkyl, Cos alkenyl, Cs.14 cycloalkyl, a Ce.14 aryl group,

a 5-14 membered heteroaryl group, a 3-14 membered cycloheteroalkyl group, Cy.ghaloalkyl, Cy.g
alkylOH, C;_salkoxy, or two R6 on one atom can form a heteroatom containing ring; and

Wherein R4, R6, and R8 can be unsubstituted or substituted by one or more of Cy_g alkyl,
Cs.12 cycloalkyl, a Cs.14 aryl group, a 5-14 membered heteroaryl group, a 3-14 membered
cycloheteroalkyl group, Cy.s alkylOH, OH, oxo, C,.3 haloalkyl, carboxCy alkyl, or SO,C,salkyl,
halo, -OCHj3, -OCF3, -OH, -NHo.

In another embodiment, the present invention includes compounds of formula (II)

wherein R7 is

SIS CRGRS RO

In another embodiment, the present invention includes compounds of formula (II) according

>

to claim 1 wherein R1 is

N
NN ~ N~ ™ N N_
~ 0 " "N

, Or

In another embodiment, the present invention includes compounds of formula (II) wherein

R7is



substi t ut ed. I n anot her enbodi nent, the present invention includes

conpounds of formula (11) wherein R and R3 are G _g al kyl. In a
still furwbeptignpmddi nent, the present invention incl ude®Ctarspoiigs3df
formula (11) wherein R2 and R3 are CHB I n anot her enbodi nent, the

present invention includes conpounds of formula (I1) wherein L is -0-,
-NH, -C(0)-, -CH(CH) -CH2-, -CF2-, -CHF-, -COH, or a bond. In another

h [ i on incl s conpounds of formula (1) wherein
Lis -CH2 ‘ th@ present invention includes conpounds
of fornul: ' are N, I's CH3. I n another enbodinent,
formula (Ha): WO

t he
2011%1e 798PCT/’ U82010/ 045133 14 Rl’lépl.il N (Ha)

In yet another embodiment, the present invention includes compounds of formula (IT)
wherein R4 is C(0)OC, .3 alkyl, CF3, C(O)OR6, C(O)NR6RS, C;_ghaloalkyl, C;.3 alkylOH, C(O)R6,
SO,R6, C(O)NHC,.g alkylR6, C(CH;3)(CH3)(OH), C(O)CH3, C(CH,)CH3, or C(CH;3)(CH,OH)OH;
and

R6 and R8 are independently H, C,.g alkyl, C;.g alkenyl, Cs.14 cycloalkyl, a Cs.14 aryl group,

a 5-14 membered heteroaryl group, or a 3-14 membered cycloheteroalkyl group.

In another embodiment, the present invention includes compounds of formula (II) wherein

R4 is
0] 0] 0]
‘\/0 K/N
, , or , which may be unsubstituted or
substituted.

In another embodiment, the present invention includes compounds of formula (II) wherein
R2 and R3 are C,g alkyl.

In a still further embodiment, the present invention includes compounds of formula (IT)
wherein R2 and R3 are CHjs.

In another embodiment, the present invention includes compounds of formula (II) wherein L
is -O-, -NH-, -C(O)-, -CH(OH)-, -CH,-, -CF;-, -CHF-, -COH-, or a bond. In another embodiment,
the present invention includes compounds of formula (I) wherein L is -CH,-. In another
embodiment, the present invention includes compounds of formula (I) wherein both X are N, and Z
is CHs.

In another embodiment, the present invention includes a compound of formula (Ila):



and pharmaceutically acceptable salts thereof, wherein Rl is C1_8

al kyl, C2_8 al kenyl, C3 14 cycloalkyl, a C6_14 aryl group, a 5-14 nenbered
het er oar yWogoom979a 3- 14 nmenber ed cycl ohet er oal kyl gr oupCT@S2@@l0kx2y, hal o,
NR13R14, C(0)OR13, C(0)NR13R14, Cl1_8h#i oal kyl, fornyl, carbal koxy,

Cl -8al kyl OH, C(0)R13, SO2R13, C(0)NHCl1l_8alkyl R13, NR13R14, SO2NR13R14,
OCF3, NHC(0) R13, CH20C(0) NR13R14, CH2NR13R14, NHC(0)OR13, NHC(0) NR13R14,

CH2NHSO2 R1R11 HC( 0 3, CIB(ﬁ:)N?lS or NHC(0) R13, which may be
substituted gg un gltuthg R12 is H Cl1_8 alkyl, a C6-14 aryl
group, C1-8 | ol ky CL NH2, CN, OCF3, OH, C(0)NR13R14,
C(0) R13, NR13 NHE%U)‘F{B

i ndependently H, ‘c1 al kyl

3R14' R13 and R14 are

\ C3 14 cycloalkyl, a C6_14 aryl
group, a 5-14 nenbered heteroaryl grotyp_z& R124 nenbered cycl ohet er oal kyl
group, Ci _shal oalkyl, Cl-8alkyl OH, Cl_8al koxy, or R13 and R14 on one atom
can form a het gugpt om contai ning ring; and Wierein R11, R13, and R14

can be unsubstituted or substituted by one or nore of Cl4 alkyl, C3_14
cycl mﬂ@hm@e@&amﬂam@tab@r%hpthewoﬁ ~vibergienber ed heteroaryl group, a 3-14

car boxcy_a i sy Gep el Shth o SpRp it oo bl ¥ - (B!

CO”DQH:M&r f orb60p, 8- 84 }dem@eﬁdIdgclahaelbumcph@buge[s@ralmg Halo, NTe13®0AL ent s of US
Patent AB%AI cati on . 12/ 503, 565, whi ch has count erg@rlé1 | nternati onal

pl i &) 31\6(0»@1/3@69%@9193@1 formyl, carballonr ¢ eyt oGHARIS, $SHRA a (11)

Imit ﬁy@@%(’@km éﬁ?ﬁ?glgﬁngﬁw?gz N}i@@ﬂ{h %HZOCQQNRBFM’( al so

i dentcﬁmldla%lmmm(m)dmnNHCtﬂ))NMFteGH)ZNHGDZRhQ GENC{ORIBAa:  Conmpound
5. VgC(Zg)]R]igogrgl\?I%%(P(%%l 2 l?!n?%ﬁ%ﬁs%b&t?tuted or unsubstituted;

R12is H, Cy.3 alkyl, a C¢.14 aryl group, C,.g haloalkyl, C,_s alkoxy, halo, NH,, CN, OCF3,
OH, C(O)NR13R14, C(O)R13, NR13R14, NHC(O)R13, SO,R13, SO,NR13R14;

R13 and R14 are independently H, C.3 alkyl, C,.g alkenyl, Cs.14 cycloalkyl, a Ce.14 aryl
group, a 5-14 membered heteroaryl group, a 3-14 membered cycloheteroalkyl group, C_ghaloalkyl,
Ci-galkylOH, Cj_alkoxy, or R13 and R14 on one atom can form a heteroatom containing ring; and

Wherein R11, R13, and R14 can be unsubstituted or substituted by one or more of Cy.g
alkyl, Cs.14 cycloalkyl, a Cs.14 aryl group, a 5-14 membered heteroaryl group, a 3-14 membered
cycloheteroalkyl group, C;.g alkylOH, OH, oxo, C,.g haloalkyl, carboxC,.g alkyl, or SO,C,_galkyl,
halo, -OCH3, -OCF3, -OH, -NH,.

Compounds of Formula IT and I1a are further described in the contents of US Patent
Application No. 12/503,565, which has counterpart International Application No.
PCT/EP09/059138.

A preferred compound of formula (IT) is 2-[(R)-4-(6-Benzyl-4,5-dimethyl-pyridazin-3-y1)-2-
methyl-3,4,5,6-tetrahydro-2H-[1,2’]bipyraziny1—5'—yl]-pfopan-z-ol, (also identified as Compound B
in this document), of the below formula:

Compound B.



2-[(R)-4-(6-Benzyl-4,5-di nethyl -pyridazin-3-yl)-2-nmethyl-3,4,5,6-tetrahydro
-21-1-[1, 21bi pyrazi nyl- 5'-yll-propan-2-ol can be made according to Schene
1 First swepni1/019798 A m xture of 4,5-di nethyl-1, 4-di chl ecoAsgeiodazadne (10
g, 56.5 mmol), tetrakis(triphenyl phosphi ne)palladium0) (3.3 g, 2.80 mmol)
and THF (200 nL) is degassed and then benzyl zinc bromde (147 nmL, 0.5 Min

over G- GRotet T ShelRs et 61 Gatpuba i THE Gar e L Jabs -
extr agt)ﬂd%%g,hz Bt Offbe g L8R G0l SRMeits concentrated to afford a crude
t

pr oduc Is purified by chromatography on silica gel (Et OAc/ Hept ane: 0%
- 50% to give 3-benzyl-6-ehl oro-4,5-dinethyl p)”l dazi ne 9NS g, 67%.

Second st ep: \E 7]

3-Cnl oro-4, 5-di met hyl- 64(R) - 3-net hyl - pi per azi -I-yl) pyridazt ne (400 ny,
1.66 mol, Ch eq) is added to a sol utflon of be zi nc bronf\de (12.3 nmL 0.5
Min T |\§34 RIEH,ZnBt 0SH)in ARE t € k\s(triphertyl phosphi | I adi um (100
ng, 0.08 |rmq\l 0—085—eg)r—t+n—a=mcro vi al . é’he w@rls eaEed and

i rradi atedyin tPRgPh)CTOMDEE at 100 S ‘(?\h Frt-Np ig) for 40 min.
The reactign mixture is concentrated and p‘UFi°FV?\éed1 ic gel

chromat ography (5 - 20% WO 201 9798PCT/ US2010/ 0451|33 6 Et OAc/ hept ane)
to 3-benzyl-4, 5-di met hyl- 64R) - 3-et hyl - pi perazin- 1-y1) ri dazi ne (324 ny,
66% . Third step: A m xture of the above c d (6.0 g, 20.27 mmol),
5-chl oropyrazi ne-2-carhb @(A ic acid methyl ester (5.3 g, 30.30 nmmol), Et3N
(6.2 g, 60.60 mml) an Oxane (100 m.) is hea’N to reflux overnight.

Sol vent i $£Q.Mroved. SR ated NH4Cl1l solution is aqq\@d and extracted with

Et OAc. TN Norganic layer \js concentrated to afford the crude product that

is purifiediby chromato raphy on silica gel ( ept ane: 50%- 100% to
(R) - 4-(6- h’zyl 4,5- hyI pyri dazi n- 3-y1) - 2-
3,4,5,6-t rahydro 2 ]b| pyiedgt By etBer- car boxy aC| d nethyl ester (6.6

g, 76%—a%—a—ye4>| ow sotjd. Fimat—step—>
Et,N, dioxane THF, -780 -> OC N
reflux 1 ~N

compound B

First step:

A mixture of 4,5-dimethyl-1,4-dichloro-pyridazine (10 g, 56.5 mmol),
tetrakis(triphenylphosphine)palladium(0) (3.3 g, 2.80 mmol) and THF (200 mL) is degassed and
then benzylzinc bromide (147 mL, 0.5 M in THF, 73.40 mmol) is added. The reaction solution is
heated to 65°C overnight. Solvent is removed. Water is added and the water layer is extracted with
EtOAc. The organic layer is concentrated to afford a crude product that is purified by
chromatography on silica gel (EtOAc/Heptane: 0% ~ 50%) to give 3-benzyl-6-chloro-4,5-dimethyl-
pyridazine (9.5 g, 67%).

Second step:

3-Chloro-4,5-dimethyl-6-((R)-3-methyl-piperazin-1-yl)-pyridazine (400 mg, 1.66 mmol, 1
eq) is added to a solution of benzylzinc bromide (12.3 mL 0.5 M in THF, 6.64 mmol, 4 eq) and
tetrakis(triphenylphosphine)palladium (100 mg, 0.08 mmol, 0.05 eq) in a microwave vial. The vial
is sealed and irradiated in the microwave at 100 "C (high absorption setting) for 40 min. The

reaction mixture is concentrated and purified by silica gel chromatography (5 - 20%



To a sol ution of

(R)-4-(6-benzyl-4, 5-di net hyl - pyri dazi n-3-yl)-2-nethyl-3, 4,5, 6-tetrahydro2H
[ 1, 21bi pywaz2iniyd19B8- car boxyl i ¢ acid nmethyl ester (840 nypCTASBBOMWDBY in THF
(12 nmL) is added nethyl magnesium bromde (5 m., 15 mmvol, 3Min ether) at
-78 C. The reaction mxture is stirred at O Cfor 2 h then diluted with DCM
and washed with NHA4C1L and water. The conbi ned organic |ayers are washed

Wi t h ByaisRrhepink e ,3-bbniz@ldd, §:dehiethipRGRR )- F-inkthe!-pidemnin- Cohggntazte(G2d avy.
Purlflcatlon by HPLC of the crude product with acetontrile in water ( from
10% t&° @S%V\nth 3% 1- propanol) at 220 nm wavel ength detection provides the
desir %gaound B (400 ng, 50% next to small anounts of the correspondi ng
nmet hy ne. The solvents are renoved with a |yophilizer to provide the
pr oduct s afsrmmut@ofphmlmvs coﬁﬁﬁhmﬂﬁﬂgﬂﬁ()bzmmmsl) 5- chlomrqzimr%fc@myﬁs@cid

hi bi t whi th t i ncl.udi lotinib
(AT stia s o adbmatel Bt b Ao ead dipat 1198 ot DR B g
AP2 346 ) o&é&%ﬁ@@olv@&%érﬁ%&d(%m@@@m @P@%E%%ddmaﬂdi@{tﬁc@d dv]ltﬂl}'EtOWCdl ne
conpounds (e.g., dasatinib (BVM5- 354825)3, PD 166326, PD 173955, PD 180970),

ONO 1DI880gare kybisis contcattatoé trafiftird shedenda/prodwas shat s pyrlﬁed RINChePOBY o SrAnhY S5 7

R e e e

Hemat Dk gﬁytegﬁl%ro Qﬁ [3 24b3RehzinviREl-exrb@tylie |ac1d rE&tEﬁl Rektat (636 9016/6) asACtetlow005,

supra; Ge e Med. Chem 2006, 49:4606-4615; Adrian et al., Nat.
ChemSOBdoI 2006 2 95-102; Asaki et al., Bioorg. Med. Chem Lett. 2006,
16: 14121 134625) Definitions WO 2011/ 019798PCT/ US2010/ 045133 17 "Al kyl "

as a gr up Pand as a structural el ement of other groups, for exanple

hal 0- substTd atsldadky! (Rdl(Grblgl4,Sedimethgl-pitidezin- 34yt)a1 giethyd:—hali,ﬁjémhtmhydro-
branched., G _4-al koxy includes, hox et hoxy, he | | ke, .

Hal o- %%‘lﬁb@db%@émé{l ﬁyFarPW@llkﬁd‘élél rfl?tiwlﬁﬁ F ORI L Sig@mo Jjéth @?ﬁ%) Sand t he
i ke. c‘ ded metHi n&ﬁﬁﬂ%ﬂﬁm@g@ﬁlcuﬁm%l IMSREmRhH Y ¢ls €. aﬂ‘}férf@éc'tlﬁn brliR@re is
assend y cont'ai r?igng SIX to ten ring carbon atons. For exanple, aryl may be
phenystireed anap@tforyd h tlmne]ﬁlatedbh;h Padhyid wished hathéNHatH and watedi Thal combineddi cal

aher coigRHe Bperpre aneBna g henbr e peo R aPeR DBt bR aldleg . *0°

C5_10hgtRianas ¥ HPE CPofMHRicRldNpRbduet WRRREH SntAR ih ReiteG AtfREh PY%stiho5%arilpsRsat Os
but that these carbon atons can be replaced by a heteroatom Consequently

C5_ 10prepaodleat 2P0 nmcvarddenghydatedyipn nrmdqasythe d¢méz@mypund(ﬁu (Hi9ng.i 3yh) next to
qui nosltrﬁﬂgﬁraﬁ)%ﬁ nzfotIlel:J ‘F%%B%‘f enrzn(gg%[ ﬁqune’ le%r{?é 5)18¥5r99ye81 w1t}} a ly]pahlhzer to

benzo nzo-i m dazol

oxaz%mbmehwaa\mtyéswﬁltd;ﬁiﬁﬂeyd tetrazolyl, pyrazol yl, th| enyl etc.
"Cycl oal kyl" nmeans a saturated or partially unsaturat ed m)nocycl ic, fused

bi cyclic or bridged polycyclic ring assenbly containing the nunber of ring
atons i ndiSRtEsE 1 Foitgxampl e, C3_ iocycloal kyl includes cyclopropyl,

cycl obut , cycl ohexyl, etc. "Het erocycl oal kyl " neans
cycl oal kyExenqﬂargzIBfGR}e\dBLi inhibitoss elpph imogbE osed tprpmpiideﬂletimmntiomén@udin@r e of

R T B e R P ot

a aab#a\ol b6’§ut1§1br(SK'I @96} OPRIT76667, pgnwgtanﬂpﬁ%l f@ &Reghakeraaycl oal kyl
as used in this application to describe con&ounds of the invention includes

nor ph(BMﬁf354§)%5r)) 0166334, PDIy89 %, PEIRYAT02- QN1 2380 plepubstinad begrasaide di nyl |
pi per I d' n gFﬂniNﬁ fl?%nl\/ﬁﬁ)p%ﬁ%%@)[ ?E—l%—‘%ﬁ, ré aSpthc&de&ﬂldrﬂg (IP1-

sul f a
504) and GNF-2. (See e.g., Weisberg et al., Nat. Rev. Cancer 2007, supra; Tauchi et al., Int. J.

Hematology 2006, 83:294-300; Manley et al., Biochim. Biophys. Acta 2005, supra; Ge et al., J.
Med. Chem. 2006, 49:4606-4615; Adrian et al., Nat. Chem. Biol. 2006, 2:95-102; Asaki et al.,
Bioorg. Med. Chem. Lett. 2006, 16:1421-1425).

Definitions



"Hal ogen” (or hal o) preferably represents chloro or fluoro, but may al so be
bronmo or i odo. The term "agent" or "test agent" includes any

subst anceyormiigueioe, el enment, conpound, entity, or a comrbirnstéiondiiber eof .

It includes, but is not limted to, e1y., protein, polypeptide, snal
organi ¢ nol ecul e, pol ysaccharide, polynucleotide, and the like. It can be a

natural praduct, a synthetic conpound, a.chem cal conmpound r .

Conbi nat FOH0b Aot i SusOra R o fBetR . ftesanas e Beiueq.

t er My K@ aRMhkoxy, SHPBE BIMIES StraigMehafRARP HRAHcheda T, RAIKXS Gndlide/ ahBhggabl y.

As used herein,” "contacting” has its nornmal nmeaning and refers to conbining

two wthaxyrandithé Bl Belo(sabgituted alkprbineludes widlubwomstigdmentadloniasthti aah hedike.
pol ypept i ;ﬂf% ”?r{l??ég gbé)}horhéggﬂﬁocjr ?&slé!i %?cg@ﬁcgar%%‘ll {1‘2 8‘% ?%erﬁlgﬁyt %@@H%xqg Y]ena

cell). Co rFinvrtr e.g., re agents or
conbirfigh@riRdnGesig Fofexainthlé aéflnhaytie phef@ldr nhitBflepreferably phdnyl. uberytenedt her
container. Contacting can also occur in a cell or in situ, e.g., contacting
two potappagivatrasradicahderied fiopn epayhe®¥Bi on in the cell of reconbi nant

ol ynucl eqt | ) j (N i e. WO
D11 05 0y St EIE A0 dhel B Yo% YRERINISP ol of e Ak flempeiien®: 1O
generlietaddtymi Poneaniperiefhekroahé itrentiyéimam dfdnmembers acinddiated bydhd carbemdi an,
desert and t] wi nkle. The term e ysed to indicate_ protein or gene.
The. 1 b thildsesBA0F BogBsah PoEPROHOPOA PSS CEHUSHEBE AT an
ani ”ﬁhﬂﬁ&g’&‘(ﬂﬁﬁ)ﬁyl, indogf;mﬁdziz%yrﬂsqdmﬁgﬂﬁhP%Jiﬁckﬂmyl,%Hﬂﬁﬁﬂaﬁﬁ, PaLbyeny1and

"hedgeho st gnaling e used interchangeably and refer" to the chain
of eventsthiopyraayll yenreHi, Htlmdoleyimidadobyl sbameodimrdazalf], phemsligyl afuranyl, caszsdyle

such .as hedgeho pat ch Ptch),..s thened (Snmo), and A i. The hedgehog

pat hv%?‘aéglﬁgfféazg@%’itgtﬁ@ﬁg é?‘lZOM’ an?g?gﬁgence of a hedgehog protein by

activati W@ﬁ@oﬂkﬁ&ﬁé&@%&ﬁf%@%ﬁhﬂ?ﬁmﬁ%@rﬁi&ﬁ,emoﬁb@fﬂ@és B8 BicYBliObr tpmye | |
e pa

activate the way in the absence of hedgehog. Hh signaling
conpardysyslioringrasspmbly contajting thg sambagoiyingatems meicated; Fogermnme.dduct s t hat

participate in Hh.signal in ' j.ng conponent

f reqdé?#ﬁ))?ﬁ(é’? *ngg{ags f’ff(laoqrgpa}ﬁ’scr%cggﬁﬁiQWP%@F&%@S%@?%% cell s/tissues,

typi cal | yHegssdytloAlkyl mednargesalkyl, sedufided of thikowpltttieaprgeided apoesaimare

| evel and/ or phenq;{%,pi c changes. Hh signali n(% conponent s, dependi ng_on

t hei rofghorivgsasbensingieated aransalagsd Bt Bosty sohectqd faih -Qut- DoV b -¢ (- -S-
downs}| m g ach { S &l b Vi - pPas| t. nd
negat VD Tagl o o il KRR A WY nd R o B 42 HLAIET e
posi tCyghkteraafloaksl dshised inahsmpplsdatinn of ddsbrebeRlvngiogndd of the mventgini intlhddse s
downst ream, bi ol ogi gal. event en Hh is present... Exanpl.es | ncl . hedgehog,
Smo, HARETRS: PATAA YT KGR 2 Ol PeeAiaHh POREHAP RGeS e Sl
negatazs%bﬁfogfs‘]@&t@yr, RS oMb ThS SLBho¥ orpHiginbsuSfo8BBbrphbli, etcl Nhi bi t's
downstream bi ol ogi cal events when Hh is present. Exanples include (but are
not |i m tEdloage)” @r bhalohnefesatriy repserenis shipro exieme, it maymsorheprome or lvdoHh
signalin tway. .o eh i i a L.SLS i StiS

Si gnal i ngrBaeiega o SEGHEID AaRu by ABARCRANL T Seotlh 2R BTerly. OF

i nhi bd ¢onitireatibh dreof. Vit includfs, dutpo sottlinvied it ey guoakinngplyyepidensndll ¢rgash as

hedgehog, .Ptch, or Gi) or down-r | at e .t he expressio f the Hh signaling
co npdﬁ%l%?“.le"?ﬂg'fﬁcé}i‘%@e’i F%?@f“ﬂﬁlgot\é%e?@gg‘@\ﬁfec At ipra é‘ﬁtluff? B Ogucﬁeagsé'flﬁ\?gc regul at or
of Riconipgtal, b BBergioaTROMBAInd, & I @epaladen &f toak hog: abitagesni Shlessryhebeiseli r ect ed
to a protein encoded by any of the _genes in the heﬁ%ehog gag)ﬁhway, i ncl udi ng
(but SREEIPd, therternst 8§eng onjubStancsgiaan “GmReEeE e he Bsdiderchagei®hened, ptch- 1,
ptch2, glAsked Bbrein? s cdttdctide” BisGts normal Hi@nidRy 478 refeftftb Bbbining tNdl RinkdrBg” OF
"inhibition,™ I'n the context of nodulation of enzymatic activities,

i nhi binbieorley @l smtaesndlbmplevde sigahie woponed sidnpdypaptideldricombofingmoleazigsmt i ¢

activity j.ncluding conpetitive, unconppetitive,. and nonconpet.itive

i nhi bi“FiCShs. s %Cog%‘??ugg a%%é?lﬁnﬁrﬁngﬁ“ g %%%%CH’b’HiVétﬁ%c‘f;%y“’fWﬁ’ém% FeTermgye t he
i nhi bidefis 08 BothPRidp@AGInh ANk bik®h 8500 cdNgsNFY st tibY ditothidryotginanal yzed in
terms of the basic Mchaelis-Menten rate equation. Conpetitive inhibition
occur€ontkasingichie 2isp REGIr b calher iD6itBI M@, wintdsting 8v¢ pelEpentiidomia 4 §lldych a way

t hat éc}exgr%'%)oer} fral%hémcetﬂhoftrre]ceom qgm&)olynucleotides encoding the two polypeptides, or in a cell

lysate.
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hedgehog, Ptch, or Gli) or down-regulate the expression of the Hh signaling component. They also
include agents which up-regulate a negative regulator of Hh signaling component. A hedgehog
signaling antagonist may be directed to a protein encoded by any of the genes in the hedgehog
pathway, including (but not limited to) sonic, indian or desert hedgehog, smoothened, ptch-1, ptch-
2, gli-1, gli-2, gli-3, etc.

The terms “inhibit,” "inhibiting" or "inhibition," in the context of modulation of enzymatic
activities, inhibition relates to reversible suppression or reduction of an enzymatic activity including
competitive, uncompetitive, and noncompetitive inhibition. This can be experimentally
distinguished by the effects of the inhibitor on the reaction kinetics of the enzyme, which may be
analyzed in terms of the basic Michaelis-Menten rate equation. Competitive inhibition occurs when

the inhibitor can combine with the free enzyme in such a way that it competes with the normal
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2011/ %%ﬂﬂ@@fb@%@k%ﬂ&ﬁ?o%oma, and osteosarcoma; and other tumors including
melanoma, Merkel cell carcinoma, xeroderma pigmentosum, keratoacanthoma, seminoma, thyroid
follicular cancer, and teratocarcinoma. It is also contemplated that the combinations of the present
invention may be used for treating mastocytosis, germ cell tumors, pediatric sarcomas, and other
cancers. |

The therapeutic methods described herein may be used in combination with other cancer

therapies. For example, Hh antagonists in combination with BCR-ABL inhibitors may be
administered adjunctively with any of the treatment modalities, such as chemotherapy, radiation,
and/or surgery. For example, they can be used in combination with one or more chemotherapeutic

or immunotherapeutic agents; and may be used after other regimen(s) of treatment is concluded.

Examples of chemotherapeutic agents which may be used in the compositions and methods of the
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reduction in re-plating capacity consistent with an inhibition of
sel f - r enélligitenesh g0iad minpfratign” pr cepmbinedadministration” or the like as utilized herein are

meant to encompass administration of the selected therapeutic agents to a single patient, and are
intended to include treatment regimens in which the agents are not necessarily administered by the
same route of administration or at the same time.

The term “pharmaceutical combination” as used herein means a product that results from the
mixing or combining of more than one active ingredient and includes both fixed and non-fixed
combinations of the active ingredients. The term “fixed combination” means that the active

ingredients, e.g. a compound of Formula [ and a co-agent, are both administered to a patient



EXAMPLE 3 Combi nati on experinents were performed on primry CD34+

sel ected chronic phase (CP) CWM. cells. Follow ng thaw and overni ght culture
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wi t hout co-exposure to nilotinib for Z2h in SFM CFAs and subsequent
re-plating experinents were conducted as previously detailed. Figure 4
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i N Plthés! dfovdingy tskidlah neandrt @l d. ot bimpetidedails sat Sadnnek 410 (1994 Biadrpatic wid h
ni | ot j ni b, EXQI\/F?LE 7 i
Medicinal Chemistry Letters, Vol. 4, p. 1985). For example, appropriate prodrugs can be prepared
by reacting a non-derivatized compound of the invention with a suitable carbamylating agent (e.g.,
1,1-acyloxyalkylcarbanochloridate, para-nitrophenyl carbonate, or the like).
Protected derivatives of the compounds of the invention can be made by means known to
those of ordinary skill in the art. A detailed description of techniques applicable to the creation of
protecting groups and their removal can be found in T. W. Greene, “Protecting Groups in Organic

Chemistry”, 3™ edition, John Wiley and Sons, Inc., 1999.



Mouse bone marrow cells were infected with a bicistronic retroviral Bcr-Abl
vector (Bcr-Abl - IRES -GFP). Infected bone nmarrow cells were cultured for
72 h in tWwe2prigaemse of cytokines and different concent pariusesiooisi@npound
A or AWN1O7, and then plated in nethykxellul ose. No reduction of col ony
formati on was seen in the first nmethylcellul ose plating for the groups
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One of skill in the art will appreciate that the above transformations are only representative of
methods for preparation of the compounds of the present invention, and that other well known
methods can similarly be used.

EXAMPLE 1

Primary cells were obtained from newly diagnosed and untreated patients with CML in
chronic phase. These cells were enriched for CD34+ using magnetic-activated cell sorting prior to
cryopreservation in 10% DMSO and 4% human albumin solution in liquid nitrogen. Samples were
thawed and washed in a solution of DNAse, human albumin solution, magnesium chloride, and
phosphate buffered saline. Upon thaw primary cells were cultured in a serum free medium
comprising of Iscove’s Modified Dulbecco Medium with bovine serum albumin, insulin,
transferring, 32 mercaptoethanol and growth factors (100 ng/mL FIt3-ligand, 100 ng/mL stem cell
factor, 20 ng/mL interleukin (IL)-3, IL-6 and 50ng/mL granulocyte-colony stimulating factor) for
24 hours. \

Viable cells were enumerated using trypan blue dye exclusion and set up in culture in serum
free medium (SFM) with the stated concentrations of Compound A and/or nilotinib. Following 72

hours (h) culture the cells were washed twice in phosphate buffered solution (PBS) and viable cells



. A conbination conprising a first agent that is a Snoot hened i nhi bitor
and a second agent that is a BCR-ABL inhibitor, wherein the first agent is
a conpournstoabiiaemsl a 1: N Yl Y2 RO in which Yl @&aa/U8201a/0e5133

i ndependently selected fromN and CRi2§ wherein RLO is selected from

hydr ogen, hal o, Cl_6alkyl, hal osubstitut ed Cl_6al kyl, Cl_6al koxy,
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B e e
hal odnbsader toumesbufd thé affkay canﬂOLdldeamyblamidnmlb on the relative abundance of CD34+
CP CML progenitor cells, CFA were set up in METHOCULT with cells plated at an initial
concentration of 4000 cells per mL in duplicate. Colonies were identified and enumerated 14-16
days (d) following plating.

An accepted in vitro technique to approximate self-renewal activity is serial re-plating.
Colonies derived from a CFA are individually plucked and re-dispersed in further METHOCULT.
The capacity to reform colonies following re-dispersion is related to the number of primitive
progenitors remaining within each individual colony and is therefore an indirect measurement of
self-renewal. Following CFA 20-30 individual non-erythroid colonies from each experimental arm
were then plucked with a p10 pipettor (one tip per colony using an inverted microscope) and
carefully dispersed into100 pLL. METHOCULT with a further 10pL SFM in 96 well plates prior to
incubation for a further 7d. Resultant secondary colonies were enumerated in each well and; in the
case of wells containing secondary colonies; the entire contents were re-dispersed in a further
100pL. METHOCULT to assess tertiary colony formation.

Colony assays were performed in METHOCULT with cells plated at an initial concentration
of 4000 cells per mL in duplicate. Colonies were identified and enumerated 14-16 days (d)
following plating. 20-30 individual non-erythroid colonies from each experimental arm were then
plucked with a pl0 pipettor (one tip per colony using an inverted microscope) and carefully
dispersed into100 pL METHOCULT with a further 10uL. SFM in 96 well plates prior to incubation
for a further 7d.  Resultant secondary colonies were enumerated in each well and; in the case of
wells containing secondary colonies; the entire contents were re-dispersed in a further 100pL
METHOCULT to assess tertiary colony formation.

Figure 1 indicates the total resultant secondary colonies following the first replating as a
percentage of the untreated control in three replicates (error bars indicate the standard error of the
mean (SEM)). Figure 2 illustrates the total number of tertiary colonies formed following second re-
plate. These figures indicate a reduction in re-plating capacity with compound A alone and in
combination with nilotinib and this is consistent with an inhibition of self-renewal behaviour in the
treated cells.

EXAMPLE 2



R3 and R4 are independently selected from hydrogen, hal o, cyano, Cl_6alkyl,
hal osubsti tut edC _6al kyl, Cl _6al koxy and hal osubstitut ed- Cl_6al koxy; or

ei ther RIWOrd1IRA998 R1 and R5 together with the phenyl POTMUSReI/04318Y are
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Combination experiments were performed on primary CD34+ selected chronic phase (CP)
CML cells. Following thaw and overnight culture primary cells were exposed to Compound A at
varying concentrations with or without co-exposure to nilotinib for 72h in SFM. CFAs and
subsequent re-plating experiments were conducted as previously detailed. Figure 4 details the total
numbers of secondary colonies as a percentage of the untreated control in one illustrative example.

EXAMPLE 4

Combination experiments were performed on primary CD34+ selected CP CML cells.
Following thaw and overnight culture these primary cells were cultured in Compound A at a final
concentration of 10nM and/or nilotinib at a final concentration of 5uM for 7d with CFAs and
subsequent re-plating performed as previously indicated. Figure 5 indicates the total number of
secondary colonies produced following re-plating in 3 experiments (error bars indicate the SEM and
significance was determined by unpaired 2 tailed t test). Figure 5 demonstrates a reduction in re-
plating capacity in these cells following exposure to nilotinib and compound A in combination for
7d.

EXAMPLE 5

Combination experiments were performed on primary CD34+ selected CP CML cells.
Following thaw and overnight culture these primary cells were cultured in Compound A at a final
concentration of 10nM and/or nilotinib at a final concentration of SuM for 3d with CFAs and
subsequent re-plating performed as previously indicated. Figure 6 indicates the total number of
secondary colonies produced following re-plating in 4 experiments (error bars indicate the SEM and
significance was determined by unpaired 2 tailed t test). Figure 6 indicates a non-significant
increase in re-plating capacity in these cells following 3d treatment with nilotinib and a reduction in
re-plating capacity following 3d exposure to nilotinib and compound A.

EXAMPLE 6



IR7 Z (m R2ZN 1 R3 Rl and pharnaceutically acceptable salts thereof,

wherei n Rl is a C6-14 aryl group, or a 5-14 nenbered heteroaryl group
whi ch nmaywbeoumdemst i t ut ed or substituted, R2 andPRE/2¢10/045133

i ndependently C1.8 al kyl, C gal kylO#®8 or R2 and R3 forma fused C3-14
cycl oal kyl group; L is a bond, C1_8 al kylene, -C(0)0-, -C(0)NR9-,

 ndependaHt P P GF TR, DRARGE 9T SEHER o ooy G gtie MR of ey 1
aryl ]ﬂﬁ@ﬂ ReolchidR: 1¥h&ﬁ1@%f%dcm%-ﬁramﬂrwlo@ RBUP, either decbnid exitber @6 produce a
cyel Onu(arltll)eei;czg)l ls(e?zzlon arrg L(I:E))ionies. 20-30 individual non-erythroid colonies from each experimental
arm were then plucked with a p10 pipettor (one tip per colony using an inverted microscope) and
carefully dispersed into100 puL METHOCULT with a further 10uL SFM in 96 well plates prior to
incubation for a further 7d. Resultant secondary colonies were enumerated in each well and; in the
case of wells containing secondary colonies; the entire contents were re-dispersed in a further
100pL METHOCULT to assess tertiary colony formation. The PI is a measure of self-renewal that
reflects both number of colonies produced and the overall extinction rate. The inverse cumulative
distribution of secondary colonies is assessed by graphing the proportion of wells with greater than
n colonies and calculating the resultant area under the curve (AUC). In Figure 7 the PI has been
assessed from the resultant totals of all colonies re-plated in each experimental arm in 4 separate
experiments (3d nilotinib and/or compound A exposure) with a total of 132 colonies per arm. This
figure demonstrates a relative increase in PI following nilotinib therapy as compared to untreated
cells and a reduction in PI following treatment with compound A alone and in combination with
nilotinib.
EXAMPLE 7

Mouse bone marrow cells were infected with a bicistronic retroviral Ber-Abl vector (Ber-Abl
— IRES —GFP). Infected bone marrow cells were cultured for 72 h in the presence of cytokines and
different concentrations of Compound A or AMNI107, and then plated in methylcellulose. No
reduction of colony formation was seen in the first methylcellulose plating for the groups pre-
treated with AMN107 or Compound A compared to the control DMSO group (Figure 8). However,
a pronounced reduction in colony number was detected in the groups pre-treated with Compound A
upon secondary re-plating of the colonies (Figure 9). Clonogenic colony formation assays assess the
self-renewal capacity of early progenitor/stem cells. Data indicate that Compound A inhibits the
clonogenic capacity of Ber-Abl transformed mouse CML bone marrow cells.

EXAMPLE 8

A bone marrow transplant model of Bcr-Abl was used to induce CML in mice. Briefly, a
bicistronic retroviral Ber-Abl vector (Ber-Abl — IRES —GFP) was used to produce virus to infect
progenitor bone marrow (BM) cells collected from mice previously treated with 5-FU. After 3
rounds of infection, 200,000 GFP positive progenitor BM cells were transplanted into lethally
irradiated hosts. Two weeks post-BMT, peripheral blood samples were analyzed by FACS analysis
to establish the percentage of GFP positive cells present in the recipient mice. The 32 mice included

in the study had 10-20% of GFP positive cells. 14 days post-BMT, the mice were stratified into 4



WO 2011/ 019798PCT/ US2010/ 045133 32 R4 is C1..8 alkyl, C2_8 al kenyl,
C3-14 cycloal kyl, a C6-14 aryl group, a 5-14 nmenbered heteroaryl group, a
3- 14 nent¥Padi1g@ie19%hnhet er oal kyl group, C1.8 al koxy, hal o PCRRSRB0/0€X183 ORG,
C(0) NR6R8, Ci _8hal oal kyl, fornyl, car®al koxy, Ch8al kyl OH, C(0)R6, SO2R6,
C(0) NHC1_ 8al ky1R6, NR6R8 SO2NR6R8, COCF3, NHC( 0) R6, CH20C(0) NR6RS,
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het er oat om contai ning ring; and wherein , and R8 can be
unsubstanly Sdmine Wedsssactifiesdditbgheograniynatippr group. This Sugpdstdl an @dvantage in the

cycI 14 ar ered heteroaryl group, a 3-14
mbaruirEyier ohies: shmkyndPE s Raing tgfﬁiﬂim O oxo. CL.8 haloal kyl,
car boxCl_8 al kyl, or SO2C1_8al kyl, halo, -OCH3, -0CF3, -OH, -NH2 or a salt

t her eof .



2. The conbination of claim1, wherein said first agent is
2-methyl-4'-trifl uoromet hoxy- bi phenyl 3-carboxylic acid

[ 6- (ci s- 2v6-2diwmd1ygl - nor phol i n-4-y1) - pyridin-3-y1l] - am decworusan1o/045133
pharmaceutically acceptable salt ther®of 3. The conbination of claim1,
wherein said first agent is

2-[(R) -4-(6-benzyl-4, 5-di net hyl pyri dazi n-3-y1)-2-nethyl-3, 4,5, 6-tetrahydro-
2H[ 1, 21bi pyrazi nyl-5' -y1] - propan-2-ol or a pharmaceutically acceptable
salt wéegef. 4. The conbination of claim1l1l, wherein said second agent is
an ABL inhibitor, an ABL/Scr inhibitor, an Aurora kinase inhibitor, or a
non- ATP conpetitive inhibitor of BCR- ABL. WO 2011/019798PCT/ US2010/ 045133
33 5. ATBGnGRRRIN@hLR RS L0l Ik db1RALE irk SRR Hn P Stbnd echetiReised

P romi r%b%?%g?%consuéggfr%ga %'{‘S%rnguplﬂ%tthfdrﬁg%s?ﬁA%lo7), imatinib (STI571),

2, 6, - BCRARIS irhthitoed purine anal ogs (e.g., AP23464), AZD0530, bosutinib

( SKI - §06)., .CPA070603, pyrido[2,3-d]pyrimdine conmpounds (e.g., dasatinib
(BNB-@?&%%% ISHgP8ES26, PD173955, PD180970), ONO12380, 3-substituted
benzam dg cd@bb¥RE dMRImUR19- . | NNO-406), MK- 0457 (VX-680), PHA-739358,
retaspi nycin hydrochloride (1PI504) and G\NF-2. 6. The conbi nation of claim
5, wherein the second agent is nilotinib. 7. The conbination of claim®6,
wherein the first agent is 2-nmethylsz4'-trifluoronethoxy-biphenyl- 3-
carboxylic acid [6-(cis-2,6-di nethyf:myrpholin-4-y1)-pyridin-3-yl]-amni de or
a pharmaceutically acceptable s éof . 8. The conbination of claim 6,
wherein the first agent is
2-[(R) - 4-(6-benzyl-4, 5-di net hyl Pyri
2H-[ 1, 2] bi pyrazi nyl - 51-y1] - pr op@«
salt thereof. 9. A pharnaceutical poBi ti on conprising a first agent
that is a Snoothened inhibitor and~g sy agent that is a BCR ABL
inhibitors, wherein the first agentgisg jL

faziRa- 3-y1) - 2-net hyl - 3, 4, 5, 6-t et r ahydr o-

Y2 Ry
|

in which

Y and Y, are independently selected from N and CRo; wherein Ry, is selected from
hydrogen, halo, C;.salkyl, halosubstituted-C;.salkyl, Cj.salkoxy, halosubstituted-C,.¢alkoxy and -
OXNR 2R 10; Wherein Ryg, and Ry, are independently selected from hydrogen and Cialkyl;

R, is selected from cyano, halo, Cj.salkyl, halosubstituted-C;.salkyl, C,_¢alkoxy,
halosubstituted-C.salkoxy, Cs.1paryl, dimethyl-amino, C;¢alkyl-sulfanyl and Cs.gheterocycloalkyl
optionally substituted with up to 2 Cjalkyl radicals;

R, and R;s are independently selected from hydrogen, cyano, halo, C;.¢alkyl, halosubstituted-
C.¢alkyl, C;.salkoxy, halosubstituted-C,_salkoxy and dimethylamino;

R; and R, are independently selected from hydrogen, halo, cyano, Cy.salkyl, halosubstituted-
C.salkyl, C).¢alkoxy and halosubstituted-Cy.salkoxy; or either R; and R; or R; and Rs together with
the phenyl to which they are both attached form Cs.ioheteroaryl;

R¢ and Ry are independently selected from hydrogen, Cialkyl, halosubstituted-C,_salkyl, C;-
salkoxy and halosubstituted-C;.salkoxy; with the proviso that R¢ and Ry are not both hydrogen;

Ry is selected from hydrogen, halo, C;¢alkyl, halosubstituted-C,.¢alkyl, C;alkoxy and
halosubstituted-Cgalkoxy;



a conmpound of Formula I: HN., ,..," I ji Y2 RO | in which Y1 and Y2
are independently selected fromN and CR10; wherein R10O is selected from
hydr ogen,wbabnoyo1€isgs6al kyl , hal osubstituted-GC .. 6al kyl, @€crAmbkkoxoy5133

hal osubsti t ut ed- Cl. 6al koxy and - OXNRUI0aR10b; wherein Rica and R o are

| ndependent|ly sel ected from hydrogen and Cl1_6alkyl; WO

2011/ 019&%%3 gécléﬁzf%g/——g@%ﬁ%, —%(O)Ru, —ORy1, —NR24R125 and —R1; wherein Ry is selected

from aryl, heteroaryl, cycloalkyl and heterocycloalkyl; Rj,, and Ry are independently selected
from C;.¢alkyl and hydroxy-substituted-C,.salkyl;

wherein said aryl, heteroaryl, cycloalkyl and heterocycloalkyl of Ry can be optionally
substituted with 1 to 3 radicals independently selected from Cj.salkyl, halosubstituted-C,.salkyl, C;.
galkoxy, halosubstituted-C; galkoxy, Ce.joaryl-Cyaalkyl, Cs_joheteroaryl-Cy4alkyl, Cs.j;cycloalkyl
and Cs_gheterocycloalkyl;

wherein said aryl-alkyl substituent of Ry is optionally substituted with 1 to 3 radicals
independently selected from halo, C,.¢alkyl, halosubstituted-C,.¢alkyl, C).salkoxy, halosubstituted-
C;.salkoxy and methyl-piperazinyl; or a pharmaceutically acceptable salt thereof

or

a compounds of the formula (II):

_-R4lp)

/R7

s
R2 SN
l A

R3
SR1

and pharmaceutically acceptable salts thereof, wherein

Y

|
X
X
L

an

R1 is a Cg.14 aryl group, or a 5-14 membered heteroaryl group which may be unsubstituted
or substituted;

R2 and R3 are independently C;g alkyl, Cy.galkylOH, or R2 and R3 form a fused C;.j4
cycloalkyl group;

L is a bond, Cyg alkylene, -C(0)O-, -C(O)NR9-, -C,_g alkylOH-, -C, g haloalkyl-, -C(O)-, -
NH- or -O-;

X and W are independently N or CRS, and at least one of X or W is N;

R7 is a Ce.14 aryl group, a 5-14 membered heteroaryl group, or a 3-14 membered

cycloheteroalkyl group;



Rl is selected fromcyano, halo, C _6al kyl, hal osubstituted-Cl_6alkyl,

Cl 6al koxy, hal osubstituted-Cl_6al koxy, C6_10aryl, dinethyl-am no,

Cl_6al kylweubfianytesand C3_8het er ocycl oal kyl optional |y eubaiseénoedssv th up
to 2 G _6al kyl radicals; R2 and R& are independently selected from
hydr ogen, cyano, hal o, G .6al kyl, hal osubstitutedCl. 6al kyl, G _6al koxy,

o o enaeid S LR Mn D, ) SEIRIGEICI) aryl aroff, 84 Renbiefed
ey i e el
ot h GOREARE, Eonloalivn Shgni sty C. iy ToaC (G S0A B hS B oY

sel eGhRIINY, MRARLISOFRGREI0OR, KHG(O)RE @HW(G)W%R&RE; NEEOfEREOXY

and hal osubstitufed-Cl 6al koxy; with the provi'so th and R7 are not
bot h MEd(@PERHRE, CHNIS(RROeCHANBE (DY, Béner MACH))RO, whinhkyay, be

hal Osugéttittgt ed- 08 Qatl§ yl, Cl_6al koxy and hal osubstituted-Cl _6al koxy;
RO i < SBITWEY QHUISHBIHIE ) 2R11. - C(0)R11, -ORL1, -NR12aRi 2b and - R11:

wher ei n RALsiy S8y atdOH! iMaddgeh; heteroaryl, cycloal kyl and
het er ocycl oal kyl ; Rua and Rim are independently selected from G _6al kyl and
hydr oxy- sub&gq p ateandependutlyi-3; wherein said aryl, heteroaryl,

cycl oal kyl t arogygcl.oal _0! Ci opt.i. substituted with 1
to 3 radi c%?%d"i’dr?llgégb'ﬁ%}eéilf ﬁé;i‘ ééq))e’cttégﬁ?r’?ng@g?(ig’ﬁ k?@lNIMO’
hal osubst iR3isddhalogbm| Ry lowed alk@daOKo G HhalG@Sksbst i t ut ed- C1_6al koxy,

C6_10aryl - 004a) kyl , - 10het erparyl - 00 _4alkY1, 12cycl oal kyl and
C3_8het er owﬁmﬁiw?%e subsfifptepshoneAranoge Of Cap RYIL & ot W LBRED-&F13R9 i s
opt i Lyt ' ' ' from
o BRSSOl A anssteelod

hal osi{bdt6, 8OtRCRS;6al koxy and met hyl - pi perazinyl; or a pharmaceutically

accept abl al t ereof or,a.conpounds of the forrmula (11): WO
2011/ 0197 y 67 B%%@ly&l%g‘ﬂy‘d"“?»

R6 and RS are independently H, C,.g alkyl, C,.3 alkenyl, Cs.14 cycloalkyl, a Cq.14 aryl group,
a 5-14 membered heteroaryl group, a 3-14 membered cycloheteroalkyl group, C;_ghaloalkyl, C;.g
alkylOH, C,.salkoxy, or two R6 on one atom can form a heteroatom containing ring; and

wherein R4, R6, and R8 can be unsubstituted or substituted by one or more of Cy_g alkyl, Cs.
14 cycloalkyl, a Cg.14 aryl group, a 5-14 membered heteroaryl group, a 3-14 membered
cycloheteroalkyl group, C;.3 alkylOH, OH, oxo, C,.3 haloalkyl, carboxCj.g alkyl, or SO,C.salkyl,
halo, -OCHs;, -OCF;, -OH, -NH; or a salt thereof.

2. The combination of claim 1, wherein said first agent is 2-methyl-4'-trifluoromethoxy-biphenyl-
3-carboxylic acid [6-(cis-2,6-dimethyl-morpholin-4-yl)-pyridin-3-ylj-amide or a pharmaceutically

acceptable salt thereof.

3. The combination of claim 1, wherein said first agent is 2-[(R)-4-(6-benzyl-4,5-dimethyl-
pyridazin-3-yl)-2-methyl-3,4,5,6-tetrahydro-2H-[ 1,2']bipyrazinyl-5'-yl]-propan-2-ol or a

pharmaceutically acceptable salt thereof.

4. The combination of claim 1, wherein said second agent is an ABL inhibitor, an ABL/Scr

inhibitor, an Aurora kinase inhibitor, or a non-ATP competitive inhibitor of BCR- ABL.



35 /R4(p) /R7 Z (M and pharmaceutically acceptable salts thereof, wherein
Rl is a C6-14 aryl group, or a 5-14 nenbered heteroaryl group which may be
unsubst i twoedieny®abst i t ut ed; R2 and R3 are indepemrderusky10045183 al kyl ,
Cl_8al kylOH, or R2 and R3 forma fuses C3-14 cycl oal kyl group; Lis a
bond, Cl1_8 al kylene, -C(0)0-, -C(0)NR9-, -C1_8al kyl OH, -Cl1_8hal oal kyl -

0
ofC( X)S(') Thv\fMﬁ'bﬂgﬂon 1% clia_gl P%eygd%'é%ﬂ s&%ﬁ? ggr g{x]st)%e}'ecmgqg ir?ﬁé Broup d)%%ls{l eggt; " Slne
gr oupilotinibal AAN 40 Typmieemétd( STHET 10156 értmalﬁsyhnaylrmmme analogs (B4:., IASPZrITSélé@ AlZIDy
C2_8 al kenyl, (C3-14 | Qal : 4 er
het_er(%épﬁi%ﬁ?lﬂﬁ631%56@83;@8&9%3%”&9&31 615@? {Q%;J?Bm@%‘iﬂﬁ eégeﬁsagp oxy,
hal o, (BN@@%%)OP@E*@@%%W P 8978}, Q}’Ndﬁ%so f30£d?5¥t|nute%re %Jnméy,
Ci _8al kyl OH 0) NHC1 ~ 8al ky1R6, 'NR6 R6R8, OCF3,
NHC( CleRBati\esiZOT( DYINREARS), MK RY X- 686 BI)IAFB%&H@@@M@% hyd}dzh.llelﬁdﬁ RBI
mZN@%‘Ejf@ﬁlF% 0) R6, or NHC(0)R6, which may be substituted or

unsu

6. The combination of claim 5, wherein the second agent is nilotinib.

7. The combination of claim 6, wherein the first agent is 2-methyl-4'-trifluoromethoxy-biphenyl-3-
carboxylic acid [6-(cis-2,6-dimethyl-morpholin-4-yl)-pyridin-3-yl]-amide or a pharmaceutically

acceptable salt thereof.

8. The combination of claim 6, wherein the first agent is 2-[(R)-4-(6-benzyl-4,5-dimethyl-
pyridazin-3-yl)-2-methyl-3,4,5,6-tetrahydro-2H-[1,2'|bipyrazinyl-5'-yl]-propan-2-ol or a

pharmaceutically acceptable salt thereof.

9. A pharmaceutical composition comprising a first agent that is a Smoothened inhibitor and a
second agent that is a BCR-ABL inhibitors,
wherein the first agent is

a compound of Formula I:

Rq Rs
Rs Ry
H
X
Rs O ¢|\

in which

Y and Y; are independently selected from N and CRyq; wherein Ry is selected from
hydrogen, halo, C;.¢alkyl, halosubstituted-C;¢alkyl, C;.¢alkoxy, halosubstituted-C,.salkoxy and -
OXNRozR10b; wherein Ryg, and R gy, are independently selected from hydrogen and C,_galkyl;



Zis C1_8 alkyl, CN, OH, or halogen; mand p are independently 0-3; Y is a
bond, C1 8 al kylene, -C(0)-, -C(0)0-,-CH(OH)-, or -C(O)NR1O; R5 is H,

hal ogen, b, 20iimaemesal kyl, OH, OCH3 or OCF3; Wher ei mcRAuSowayg/olp@ 33
substituted by one or nore of Cl-8 aldyl, a C6-14 aryl group, Cl1-8

hal oal kyl , C1-8 al koxy, halo, NH2, CN, OCF3, OH C(0)NR6R8, C(0)R6, NR6RS8,

NHC( 0) S NRGRS; / 2 4 36 R9 and R10
oo i naabiRaaRe el Gop ol €t RSSOBRESEACRAROL D 0 PO
C1_8habd¥htitu(Ea-8_alklsen\Cs.:453. dnetytaarihd 0, calkylGhil fhdylaint IC; ghaierpey choatiicyl 4

menber ed heteroaryl group, a 3-14 nenmbered cycl ohet eroal kyl group,
O_SMlmllka,Stl@iﬁdS‘mg]l‘W @—I,Cl-éﬁlk@é"lﬁkg;iﬁi, or two R6 on one atomcan form a

het er oat t.al ni ' : ' i tuted
or - cubat LS AL idRglrdd. Ry < AAAGEh B Bholfh, o, 8410, BB MRS b

gr oufd,.salk B A dsatkerpdratutubeitec ddh ydlkgryoud dimetBylbhimenber ed cycl ohet er oal kyl
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the phenyl to which they are both attached form Cs.joheteroaryl;
R and Ry are independently selected from hydrogen, Cy.¢alkyl, halosubstituted-Cy_salkyl, C;.
salkoxy and halosubstituted-C,_salkoxy; with the proviso that R¢ and R; are not both hydrogen;
Ry is selected from hydrogen, halo, Cy.¢alkyl, halosubstituted-C .salkyl, Ci¢alkoxy and
halosubstituted-C, ¢alkoxy;
Ry is selected from —S(O);R 11, ~C(O)R 13, —OR;1, -NR22R 12 and —Ry; wherein Ry is selected
from aryl, heteroaryl, cycloalkyl and heterocycloalkyl; Ri2, and Ryzp are independently selected
from C;.salkyl and hydroxy-substituted-C;_galkyl;
wherein said aryl, heteroaryl, cycloalkyl and heterocycloalkyl of Rg can be optionally
substituted with 1 to 3 radicals independently selected from C.salkyl, halosubstituted-Cy¢alkyl, C;.
galkoxy, halosubstituted-C;.¢alkoxy, Ce.j0aryl-Co4alkyl, Cs.joheteroaryl-Coalkyl, Cs.1pcycloalkyl
and Cs.gheterocycloalkyl;
wherein said aryl-alkyl substituent of Ry is optionally substituted with 1 to 3 radicals
independently selected from halo, C;.salkyl, halosubstituted-C,.salkyl, C.¢alkoxy, halosubstituted-
Ci-salkoxy and methyl-piperazinyl; or a pharmaceutically acceptable salt thereof
or

a compounds of the formula (II):



11. The use of claim 10, wherein the BCR ABL positive |leukema is chronic
nmyel oi d | eukem a, acute nyel ogenous | eukem a or acute |ynphocyte | eukem a.
12. The W@ 26F/HPHBm 11, wherein the BCR— ABL positive | 8GRAKRRE{04518hr oni c
nyel oi d | eukem a.

/R4(P)

/R7

o

an

and pharmaceutically acceptable salts thereof, wherein

R1 is a Cg.14 aryl group, or a 5-14 membered heteroaryl group which may be unsubstituted
or substituted;

R2 and R3 are independently C,.g alkyl, Cy.3alkylOH, or R2 and R3 form a fused Cs.14
cycloalkyl group;

L is a bond, C,_g alkylene, -C(O)O-, -C(O)NR9-, -C,_s alkylOH-, -C, 3 haloalkyl-, -C(O)-, -
NH- or -O-;

X and W are independently N or CRS5, and at least one of X or Wis N;

R7 is a Ce.14 aryl group, a 5-14 membered heteroaryl group, or a 3-14 membered
cycloheteroalkyl group;

R4 is Cj.g alkyl, C,.g alkenyl, Cs.14 cycloalkyl, a Cq.14 aryl group, a 5-14 membered
heteroaryl group, a 3-14 membered cycloheteroalkyl group, C,.g alkoxy, halo, NR6R8, C(O)ORS6,
C(O)NRG6RS, Cj.ghaloalkyl, formyl, carbalkoxy, C.salkylOH, C(O)R6, SO,R6, C(O)NHC,.
salkylR6, NR6RS8, SO,NR6RS, OCF3;, NHC(O)R6, CH,OC(O)NR6RS, CH,NR6R8, NHC(O)ORS6,
NHC(O)NR6RS, CH,NHSO,R6, CH,NHC(O)OR6, OC(O)R6, or NHC(O)R6, which may be
substituted or unsubstituted;

Z is Cy.3 alkyl, CN, OH, or halogen;

m and p are independently 0-3;

Y is a bond, C,.g alkylene, -C(O)-, -C(0)O-,-CH(OH)-, or -C(O)NR10;

R5 is H, halogen, CN, lower alkyl, OH, OCHj3 or OCF3;

Wherein R1 may be substituted by one or more of Cy.g alkyl, a Ce.14 aryl group, Ci.g
haloalkyl, C;.g alkoxy, halo, NH;, CN, OCF;, OH, C(O)NR6RS, C(O)R6, NR6R3, NHC(O)R6,
SO,R6, SO,NR6RS;
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R9 and R10 are independently C,.¢ alkyl or H;

R6 and R8 are independently H, Cy.g alkyl, C,.5 alkenyl, Cs.14 cycloalkyl, a Cg.14 aryl group,
a 5-14 membered heteroaryl group, a 3-14 membered cycloheteroalkyl group, C;_ghaloalkyl, C;.3
alkylOH, C,.salkoxy, or two R6 on one atom can form a heteroatom containing ring; and
wherein R4, R6, and R8 can be unsubstituted or substituted by one or more of Cy_g alkyl, Cs.14
cycloalkyl, a Cg.14 aryl group, a 5-14 membered heteroaryl group, a 3-14 membered
cycloheteroalkyl group, C;.g alkylOH, OH, oxo, C,.g haloalkyl, carboxC,_g alkyl, or SO,C.salkyl,
halo, -OCHj;, -OCF3, -OH, -NH, or a salt thereof.

10. The use of the combination of claim 1, for the manufacture of a medicament for treating BCR-

ABL positive leukemia.

11. The use of claim 10, wherein the BCR-ABL positive leukemia is chronic myeloid leukemia,

acute myelogenous leukemia or acute lymphocyte leukemia.

12. The use of claim 11, wherein the BCR-ABL positive leukemia is chronic myeloid leukemia.



