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(57) Abstract: The present invention relates to compounds of formula I: in which R, R2, R3and R4 are as defined in the Summary of
the Invention. Compounds of formula | are capable of disrupting the BCL-2 interations with proteins containing a BH3 domain. Dis-
rupting this interaction can restore the anti-apoptotic function of BCL-2 in cancer cells and tumor tissue expressing BCL-2. Thein-

vention further provides a process for the preparation of compounds of the invention, pharmaceutical preparations comprising such

compounds and methods of using such compounds in the treatment of cancerous diseases.
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COVPOUNDS FCR I NHI BI TING THE | NTERACTI ON OF BCL2 W TH BI NDI NG PARTNERS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority to U.S. patent application number
61/579,715, filed 23 December 201 1. The full disclosure of this application is incorporated herein

by reference in its entirety and for all purposes.

BACKGROUND

Field of the Invention

[0002] The present invention relates to compounds capable of disrupting the BCL-2
interations with proteins containing a BH3 domain. Disrupting this interaction has the
potential to restore the anti-apoptotic function of BCL-2 in cancer cells and tumor tissue
expressing BCL-2. The invention further provides aprocess for the preparation of compounds of
the invention, pharmaceutical preparations comprising such compounds and methods of using

such compounds in the treatment of cancer.

Background of the Invention

[0003] Apoptosis, or programmed cell death, isimportant for normal

embryological or anatomical development, host defense and suppression of oncogenesis.
Faulty regulation of apoptosis has been implicated in cancers and many other human diseases
which result from an imbalance between the process of cell division and cell death. BCL-2
belongs to afamily of proteins which regulate apoptosis. BCL-2 contributes to cancer cell
progression by preventing normal cell turnover caused by physiological cell-death
mechanisms.

[0004] The expression levels of BCL-2 proteins correlates with resistance to awide

spectrum of chemotherapeutic drugs and y-radiation therapy. Over-expression of BCL-2 has
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been observed in many forms of cancer. The following over-expression percentages in
cancers have been observed: 20-40% in prostrate; 80-100% in hormone resistant prostrate;
60-80% in breast; 20-40% in non-small cell lung; 60-80% in small cell lung; 50-100% in
colorectal; 65% in melanoma; 13% in head and neck; and 23% in pancrestic.

[0005] Biological approaches to modulating Bcl-2 function using anti-sense
oligonucleotides or single-chain antibodies have been shown to enhance tumor cell
chemosensitivity. Synergistic effects and complete tumor regression have been observed in
vivo in the combined treatments with a combination of an anti-sense oligonucleotide (G3139)
and docetaxel. Therefore, BCL-2 represents ahighly attractive target for the development of
anovel therapy for the treatment of many forms of cancers. In particular, the the need exists
for small molecules that bind to BCL-2 and block its anti-apoptotic function in cancer and

promote cell death in tumors. The present invention fulfills this need.

Summary of the invention

[0006] In one aspect , the present invention provides compounds of Formulal:
R
7z /h
e
R~ ;“ N
=N
o N
N
o Rs
H
M
[0007] inwhich:
[0008] Ri is selected from hydrogen and halo;
[0009] R, is selected from hydrogen and Ci_,alkyl; wherein R, isin the meta

position and R;isin the para position relative to the pyrazole ring or R, isin the para position

and R;isin the meta position relative to the pyrazole ring;
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[0010] R;is selected from hydroxy and - L-Rg; wherein L is selected from -
NHC(0)XiO- , -NHC (0)Xi- and -NHC (0)XiC (0)0- ; wherein X; and X,, are independently
selected from abond and branched or unbranched Ci_jalkylene; wherein said alkylene of Xi
or X, can be unsubstituted or substituted with 1to 2 groups independently selected from
methoxy, carboxy-methyl, methoxy-carbonyl-methyl, methyl-carbonyl-amino, dimethyl-
amino-carbonyl-methyl, cyano-methyl, hydroxy-methyl and phenyl;

[0011] R, is selected from hydrogen, hydroxy, - X ,NRgRg, - X,C(0)OR g, - X ;0Rg,
- X5C(ONR gr9 and - X ;NR4C(0)R9; wherein X, is selected from abond and Ci_jalkylene;
and Rg and Ry, are independently selected from hydrogen, Ci_alkyl and phenyl; or Rgand R,
together with the nitrogen to which Rg and Ry are attached form a5to 7 member saturated

ring containing 1to 3 groups or heteroatoms independently selected from C(O), NR, , O and

107
S(0)o-,; wherein R, sis selected from hydrogen and Ci_jalkyl;

[0012] R;s is selected from hydrogen, Ci_galkyl, C, salkenyl, cyclopropyl,
imidazo[ 1,2-a]pyrimidinyl, methyl-carbonyl-amino, 2-oxo-4-phenylpiperazin- 1-yl,
imidazo[2, 1-b]thiazol-6-yl, 4-(2-chlorobenzyl)-3-oxopiperazin-l -yl, imidazo[ 1,2-a]pyridinyl,
benzo[d]isoxazolyl, naphtho[2,l-d][l,2,3]oxadiazol-5-yl,  IH-pyrrolo[2,3-b]pyridinyl,
imidazo[2,|-b]thiazolyl, [H-pyrazolo[3,4-b]pyridinyl, benzo[c][l,2,5]thiadiazolyl, 4-oxo-
4,5,6,7-tetrahydrobenzofuranyl, 2-oxo-1,2,3,6-tetrahydropyrimidinyl, 1,2,4-oxadiazolyl, 2,3-
dihydrobenzo[b][l,4]dioxin-2-yl, naphtho[2,3-d][l,3]dioxol-2-yl, 3,4-dihydro-2H-
benzo[b][l,4]oxazin-7-yl, 2,3-dihydrobenzofuran-3-yl, chroman-8-yl, 3-oxo-3H-pyrazolyl,
9H-thioxanthen-9-one 10,10-dioxide, IH-benzo[d][l,2,3]triazole, benzo[c][l,2,5]thiadiazole,
naphtho[2,3-d][I,3]dioxole, benzo[d]isoxazol-3-yl, cyclohexyl-oxy, phenyl-thio, 2,3-
dihydroimidazo[l ,2-a]pyridin-2-yl, 1,4,5,6-tetrahydrocyclopentg[c]pyrazol-3-yl, 3,4-
dihydropyrimidin-2(IH)-one, naphthyl-oxy, naphthyl-thio, adamantly-oxy, 2-oxopyrrolidin-
1-yl, 6-oxo-1,6-dihydropyridazinyl, benzo[b]thiophenyl, benzo[b]furanyl, 2-oxo-l,2-
dihydropyridinyl, 2-oxo- 1,2,5,6,7,8-hexahydroquinolinyl, 4-oxo- 1,4-dihydro- 1,8-
naphthyridinyl, 4-oxo-4H-pyrano[2,3-b]pyridinyl, 10,1 0-dioxido-9-oxo-9H-thioxanthen-3-yl,
5-oxopyrrolidin-3-yl, phenyl, quinolinyl, isoquinolinyl, phenoxy, phenylthio, pyrazolo[l,5-
alpyrimidin-2-yl, IH-pyrazolo[3,4-b]pyridin-3-yl, naphthyl, cyclohexyl, phenethyl, benzoxy,

phenyl-sulfonyl, furanyl, thiazolyl, oxazolyl, isoxazolyl, thienyl, pyrrolyl, quinolin-8-yloxy,
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pyrimidinyl, pyridinyl, pyrrolidinyl, pyrrolidinonyl, imidazolidine-2,4-dionyl, piperidinyl,
piperazinyl, pyrazinyl, pyrazolyl, morpholino, oxomorpholino, indolyl, benzo[b]thiophenyl,
benzo[b]furanyl, benzo[d][l,2,3]triazol and oxopiperazinyl; wherein said Ci_galkyl, C,_
sakenyl, cyclopropyl, imidazo[l,2-alpyrimidinyl, benzo[d]isoxazolyl, imidazo[l,2-
ajpyridinyl, 4-oxo-4,5,6,7-tetrahydrobenzofuranyl, 2-oxo- 1,2,3,6-tetrahydropyrimidinyl,
imidazo[2,|-b]thiazolyl, [H-pyrrolo[2,3-b]pyridinyl, |H-pyrazolo[3,4-b]pyridinyl, 1,2,4-
oxadiazolyl, benzo[c][l,2,5]thiadiazolyl, 9H-thioxanthen-9-one 10,10-dioxide, 1H-
benzo[d][l,2,3]triazole, benzo[c][l,2,5]thiadiazole, naphtho[2,3-d][l,3]dioxole,
benzo[d]isoxazol-3-yl, cyclohexyl-oxy, phenyl-thio, 2,3-dihydroimidazof[l,2-a]pyridin-2-yl,
1,4,5,6-tetrahydrocyclopenta[ c]pyrazol-3-yl, 3,4-dihydropyrimidin-2(IH)-one, pyrazolo[l ,5
alpyrimidin-2-yl, imidazo[2,l-b]thiazol-6-yl, |H-pyrazolo[3,4-b]pyridin-3-yl, naphthyl,
cyclohexyl, phenethyl, 2-oxopyrrolidin-l-yl, 2,3-dihydrobenzo[b][l,4]dioxin-2-yl,
naphtho[2,3-d][l,3]dioxol-2-yl, 3,4-dihydro-2H-benzo[b][l,4]oxazin-7-yl, 2,3-
dihydrobenzofuran-3-yl, chroman-8-yl, 3-oxo-3H-pyrazolyl, 6-oxo-l,6-dihydropyridazinyl, 2-
oxo- 1,2-dihydropyridinyl, 2-oxo- 1,2,5,6,7,8-hexahydroquinolinyl, 4-oxo- 1,4-dihydro- 1,8-
naphthyridinyl, 4-oxo-4H-pyrano[2,3-b]pyridinyl, 10,1 0-dioxido-9-oxo-9H-thioxanthen-3-yl,
5-oxopyrrolidin-3-yl, phenyl, quinolinyl, isoquinolinyl, phenoxy, benzoxy, phenoxy-methyl,
phenylthio, phenyl-sulfonyl, furanyl, thiazolyl, oxazolyl, isoxazolyl, thienyl, pyridinyl,
pyrrolyl, quinolin-8-yloxy, pyrrolidinyl, pyrimidinyl, pyrrolidinonyl, piperazinyl, piperidinyl,
pyrazinyl, pyrazolyl, morpholino, oxomorpholino, indolyl, benzo[d][l,2,3]triazol or
oxopiperazinyl of Rs isunsubstituted or substituted with 1to 3 groups independently selected
from halo, cyano, nitro, -NR ¢R;, Ci_,akyl, halo-substituted-Ci_,akyl, Ci_,akoxy, halo-
substituted-Ci_jalkoxy, halo-substituted-Ci_ ,akylthio, -C(0)OR6, ,-X30R6, -C(O)R , -
C(O)NR6R 7, -NR6S(0) X ;R7, - X NRsC(O)R 7, -S(O) (4R6, -S(O) ;- NRsR7, phenyl, benzyl,
piperidinyl, pyrrolidinyl, morpholino, morpholino-methyl, 1,2,4-oxadiazolyl, pyrazolyl,
phenoxy, indolyl, (IH-1,2,4-triazolyl)methyl  and benzoxy; wherein Rs and R, are
independently selected from hydrogen, Ci_,alkyl, C; gcycloalkyl, pyridinyl, phenyl, benzyl
and naphthyl; wherein said phenyl, pyridinyl, benzyl, morpholino, morpholino-methyl, 1,3-
dioxoisoindolinyl, 1,2,4-oxadiazolyl, pyrazolyl, indolyl and benzoxy substituents of Rs or

said pyridinyl and phenyl of R or R, can be unsubstituted or further substituted with 1to 2
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groups independently selected from halo, nitro, amino-sulfonyl, Ci_,alkyl, Ci_,alkoxy and
halo-substituted-Ci_ ,alkyl; wherein X, is selected from abond and Ci_,akylene; or the
pharmaceutically acceptable salt thereof; with the proviso that compounds of formula | do not
include the four compounds where Ri is hydrogen, R,ishydrogen and R;is selected from -
NHC(0)-phenyl, -NHC(Q)CH ,-phenyl, -NHC(0)CH ,0-phenyl and -NHC(0)CH ,S-phenyl;
and the N-oxide derivatives, prodrug derivatives, protected derivatives, individual isomers and
mixture of isomers thereof; and the pharmaceutically acceptable salts and solvates (e.g. hydrates)
of such compounds.

[0013] In asecond aspect, the present invention provides apharmaceutical
composition which contains a compound of Formula | or aN-oxide derivative, individual isomers
and mixture of isomers thereof; or apharmaceutically acceptable salt thereof, in admixture with
one or more suitable excipients.

[0014] In athird aspect, the present invention provides amethod of treating a disease
in an animal in which modulation of BCL-2 activity can prevent, inhibit or ameliorate the
pathology and/or symptomology of the diseases, which method comprises administering to the
animal atherapeutically effective amount of acompound of Formula | or aN-oxide derivative,
individual isomers and mixture of isomers thereof, or apharmaceutically acceptable salt thereof.
[0015] In afourth aspect, the present invention provides the use of a compound of
Formula | in the manufacture of amedicament for treating a disease in an animal in which BCL-2
activity contributes to the pathology and/or symptomology of the disease.

[0016] In afifth aspect, the present invention provides aprocess for preparing
compounds of Formula | and the N-oxide derivatives, prodrug derivatives, protected derivatives,
individual isomers and mixture of isomers thereof, and the pharmaceutically acceptable salts

thereof.

Definitions

[0017] The general terms used hereinbefore and hereinafter preferably have within the
context of this disclosure the following meanings, unless otherwise indicated, where more general
terms whereever used may, independently of each other, be replaced by more specific definitions

or remain, thus defining more detailed embodiments of the invention:
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[0018] "Alkyl" asagroup and as astructural element of other groups, for example
halo-substituted-alkyl and akoxy, can be either straight-chained or branched. Ci_,-alkoxy
includes, methoxy, ethoxy, and the like. Halo-substituted alkyl includes difoluoromethyl,
trifluoromethyl, pentafiuoroethyl, and the like.

[0019] "Aryl" means amonocyclic or fused bicyclic aromatic ring assembly
containing six to ten ring carbon atoms. For example, aryl may be phenyl or naphthyl,
preferably phenyl. "Arylene" means adivalent radical derived from an aryl group.

[0020] "Heteroaryl" is as defined for aryl above where one or more of the ring
members is a heteroatom. For example Cs-ioheteroaryl isaminimum of 5 members as
indicated by the carbon atoms but that these carbon atoms can be replaced by a heteroatom.
Consequently, Cs-ioheteroaryl includes pyridyl, indolyl, indazolyl, quinoxalinyl, quinolinyl,
benzofuranyl, benzopyranyl, benzothiopyranyl, benzo[l,3]dioxole, imidazolyl, benzo-
imidazolyl, pyrimidinyl, furanyl, oxazolyl, isoxazolyl, triazolyl, tetrazolyl, pyrazolyl, thienyl,
€tc.

[0021] "Cycloalkyl" means a saturated or partially unsaturated, monocyclic, fused
bicyclic or bridged polycyclic ring assembly containing the number of ring atoms indicated.
For example, c 3_iocycloakyl includes cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, etc.
[0022] "Heterocycloalkyl" means cycloalkyl, as defined in this application,
provided that one or more of the ring carbons indicated, are replaced by amoiety selected
from -0-, -N=, -NR-, -C(O)-, -S-, -S(0O) - or -S(0) ,-, wherein R ishydrogen, Ci_,akyl or a
nitrogen protecting group. For example, Cs-sheterocycloalkyl asused in this application to
describe compounds of the invention includes morpholino, pyrrolidinyl, pyrrolidinyl-2-one,
piperazinyl, piperidinyl, piperidinylone, |,4-dioxa-8-aza-spiro[4.5]dec-8-yl, thiomorpholino,
sulfanomorpholino, sulfonomorpholino, etc.

[0023] "Halogen" (or halo) preferably represents chloro or fluoro, but may also be
bromo or iodo.

[0024] Compounds of the formulal may have different isomeric forms. For example,
any asymmetric carbon atom may be present in the (R)-, (S)- or (R,S)-configuration, preferably in
the (R)- or (S)-configuration. Substituents at a double bond or especially aring may be present in
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cis- (= Z-) or trans (= E-) form. The compounds may thus be present as mixtures of isomers or
preferably aspure isomers, preferably as pure diastereomers or pure enantiomers.

[0025] Where the plural form (e.g. compounds, salts) is used, this includes the singular
(e.g. asingle compound, asingle salt). "A compound" does not exclude that (e.g. in a pharmaceu-
tical formulation) more than one compound of the formulal (or a salt thereof) is present, the "a"
merely representing the indefinite article. "A" can thus preferably beread as "one or more", less
preferably alternatively as "one".

[0026] Wherever a compound or compounds of the formula | are mentioned, thisis
further also intended to include N-oxides of such compounds and/or tautomers thereof.

[0027] The term "and/or an N-oxide thereof, atautomer thereof and/or a (preferably
pharmaceutically acceptable) salt thereof especially means that a compound of the formulal may
be present as such or in mixture with its N-oxide, astautomer (e.g. due to keto-enol, lactam-lactim,
amide-imidic acid or enamine-imine tautomerism) or in (e.g. equivalency reaction caused) mixture
with its tautomer, or as asalt of the compound of the formulal and/or any of these forms or
mixtures of two or more of such forms.

[0028] The present invention also includes all suitable isotopic variations of the
compounds of the invention, or pharmaceutically acceptable salts thereof. An isotopic
variation of a compound of the invention or apharmaceutically acceptable salt thereof is
defined asone in which at least one atom isreplaced by an atom having the same atomic
number but an atomic mass different from the atomic mass usually found in nature. Examples
of isotopes that may beincorporated into the compounds of the invention and
pharmaceutically acceptable salts thereof include, but are not limited to, isotopes of hydrogen,
carbon, nitrogen and oxygen such asas?H, H, ''C, C, 1#C, 1N, 70, 10, *5S, *F, **c 1and
|| Certain isotopic variations of the compounds of the invention and pharmaceutically
acceptable salts thereof, for example, those in which aradioactive isotope such as*H or “C is
incorporated, are useful in drug and/or substrate tissue distribution studies. In particular
examples, *H and 1C isotopes may be used for their ease of preparation and detectability. In
other examples, substitution with isotopes such as*H may afford certain therapeutic
advantages resulting from greater metabolic stability, such asincreased in vivo half-life or

reduced dosage requirements. |sotopic variations of the compounds of the invention or
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pharmaceutically acceptable salts thereof can generaly be prepared by conventional

procedures using appropriate isotopic variations of suitable reagents.

Description of Preferred Embodiments

[0029] The present invention relates to the discovery of compounds of Formulal
capable of inhibiting the interaction between BCL-2 and BH3. 1n one embodiment, with respect

to compounds of Formulal, are compounds of Formulala:

R,

X
T Rs

R—y N ©
\L !
=N
N

o N
o Ra
(la)

[0030] inwhich;
[0031] Ri is selected from hydrogen and halo;
[0032] R, is selected from hydrogen and Ci_,alkyl;
[0033] R, is selected from hydroxy and amino;
[0034] Rs is selected from Ci_galkyl, C, sakenyl, cyclopropyl, imidazo[l,2-

ajpyrimidinyl, 2-oxo-4-phenylpiperazin-I-yl, methyl-carbonyl-amino, 4-(2-chlorobenzyl)-3-
oxopiperazin-1-yl, imidazo[l,2-a]lpyridinyl, 2-oxo-1,2,3,6-tetrahydropyrimidinyl, 1H-
pyrrolo[2,3-b]pyridinyl, [H-pyrazolo[3,4-b]pyridinyl, benzo[c][l,2,5]thiadiazolyl,
imidazo[ 2, 1-b]thiazol-6-yl, imidazo[2, 1-b]thiazolyl, 2,3-dihydrobenzo[b] [ 1,4]dioxin-2-yl,
9H-thioxanthen-9-one 10,10-dioxide, IH-benzo[d][l,2,3]triazole, benzo[c][l,2,5]thiadiazole,
naphtho[2,3-d][l,3]dioxole, benzo[d]isoxazol-3-yl, cyclohexyl-oxy, phenyl-thio, 2,3-
dihydroimidazo[l ,2-a]pyridin-2-yl, 1,4,5,6-tetrahydrocyclopenta]c]pyrazol-3-yl, 3,4-
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dihydropyrimidin-2(IH)-one, naphthyl-oxy, naphthyl-thio, adamantly-oxy, naphtho[2,3-
d][l,3]dioxol-2-yl, 3,4-dihydro-2H-benzo[b][l,4]oxazin-7-yl, 1,2,4-oxadiazolyl, 4-oxo-
4,5,6,7-tetrahydrobenzofuranyl, 5-oxopyrrolidin-3-yl, benzo[d]isoxazolyl, 2,3-
dihydrobenzofuran-3-yl, chroman-8-yl, 3-oxo-3H-pyrazolyl, benzo[b]thiophenyl,
imidazo[l,2-a]pyridin-2-yl, benzo[b]furanyl, 6-oxo-l,6-dihydropyridazinyl, 2-oxo-l,2-
dihydropyridinyl, 2-oxo- 1,2,5,6,7,8-hexahydroquinolinyl, 4-oxo- 1,4-dihydro- 1,8-
naphthyridinyl, 4-oxo-4H-pyrano[2,3-b]pyridinyl, 10,1 0-dioxido-9-oxo-9H-thioxanthen-3-yl,
phenyl, quinolinyl, isoquinolinyl, phenoxy, pyrazolo[l,5-a]pyrimidin-2-yl, |H-pyrazolo[3,4-
b]pyridin-3-yl, naphthyl, cyclohexyl, phenethyl, benzoxy, phenylthio, pyrrolyl, quinolin-8-
yloxy, phenyl-sulfonyl, furanyl, thiazolyl, oxazolyl, isoxazolyl, thienyl, pyridinyl,
pyrimidinyl, pyrrolidinyl, imidazolidine-2,4-dionyl, pyrrolidinonyl, piperidinyl, piperazinyl,
pyrazinyl, pyrimidinyl, pyrazolyl, morpholino, oxomorpholino, indolyl, benzo[d][l,2,3]triazol
and oxopiperazinyl; wherein said Ci_galkyl, C, sakenyl, cyclopropyl, imidazo[l,2-
ajpyrimidinyl, imidazo[l,2-apyridinyl, |H-pyrrolo[2,3-b]pyridinyl, benzo[d]isoxazolyl, 1H-
pyrazolo[3,4-b]pyridinyl, 1,2,4-oxadiazolyl, benzo[c][l,2,5]thiadiazolyl, 9H-thioxanthen-9-
one 10,10-dioxide, IH-benzo[d][l,2,3]triazole, benzo[c][l,2,5]thiadiazole, naphtho[2,3-
d][l,3]dioxole, benzo[d]isoxazol-3-yl, cyclohexyl-oxy, phenyl-thio, 2,3-dihydroimidazo[l,2-
alpyridin-2-yl, 1,4,5,6-tetrahydrocyclopenta[c]pyrazol-3-yl, pyrazolo[l,5-a]pyrimidin-2-yl,
imidazo[2,|-b]thiazol-6-yl, imidazo[2,I-b]thiazolyl, 4-oxo-4,5,6,7-tetrahydrobenzofuranyl, 2-
oxo- 1,2,3,6-tetrahydropyrimidinyl, 2,3-dihydrobenzo[b] [1,4]dioxin-2-yl, naphtho[2,3-
d][l,3]dioxol-2-yl, 3,4-dihydro-2H-benzo[b][l,4]oxazin-7-yl, 2,3-dihydrobenzofuran-3-yl,
chroman-8-yl, 3-oxo-3H-pyrazolyl, 6-oxo-l,6-dihydropyridazinyl, 2-oxo-l,2-
dihydropyridinyl, benzo[b]thiophenyl, benzo[b] furanyl, 2-oxo-1,2,5,6,7,8-
hexahydroquinolinyl, 4-oxo- |,4-dihydro-1,8-naphthyridinyl, 4-oxo-4H-pyrano[2,3-
b]pyridinyl, 10,10-dioxido-9-oxo-9H-thioxanthen-3-yl, 5-oxopyrrolidin-3-yl, phenyl,
quinolinyl, pyrimidinyl, isoquinolinyl, phenoxy, imidazo[l,2-apyridin-2-yl, 1H-
pyrazolo[3,4-b]pyridin-3-yl, 3,4-dihydropyrimidin-2(IH)-one, naphthyl, cyclohexyl,
phenethyl, benzoxy, phenoxy-methyl, phenylthio, pyrrolyl, quinolin-8-yloxy, phenyl-sulfonyl,
furanyl, thiazolyl, oxazolyl, isoxazolyl, thienyl, pyridinyl, pyrrolidinyl, pyrrolidinonyl,

piperazinyl, pyrimidinyl, piperidinyl, pyrazinyl, pyrazolyl, morpholino, oxomorpholino,



WO 2013/096060 PCT/US2012/069273

-10 -

indolyl, benzo[d][l,2,3]triazol or oxopiperazinyl of Rs isunsubstituted or substituted with 1to
3 groups independently selected from halo, cyano, nitro, -NR 4R, Ci_,alkyl, halo-substituted-
Ci_jalkyl, Ci_,alkoxy, halo-substituted-Ci_ ,alkoxy, halo-substituted-Ci_ ,alkylthio, -C(0)OR g,
-C(0)Rs, -X 40Rs, -NR 6C(0)R 7, -NRsS(0) ,R7, -C(O)NRSR 7, - S(0),.,R6, -S(O) 4-NRsRy,
phenyl, benzyl, morpholino, pyrrolidinyl, piperidinyl, morpholino-methyl, 1,2,4-oxadiazolyl,
pyrazolyl, indolyl, (IH-1,2,4-triazolyl)methyl, phenoxy and benzoxy; wherein Rs and R, are
independently selected from hydrogen, Ci_,alkyl, C, gcycloakyl, pyridinyl, pyrrolidinyl,
phenyl and naphthyl; wherein said phenyl, pyridinyl, pyrrolidinyl, benzyl, morpholino,
morpholino-methyl, 1,2 4-oxadiazolyl, pyrazolyl, indolyl and benzoxy substituents of Rs or
said pyridinyl and phenyl of R or R, can be unsubstituted or further substituted with 1to 2
groups independently selected from halo, nitro, amino-sulfonyl, Ci_,alkyl, Ci_,alkoxy and
halo-substituted-Ci__,alkyl; wherein X is selected from abond and Ci_,alkylene; and Xi is
selected from abond and branched or unbranched Ci_,alkylene; wherein said alkylene of Xi
can be unsubstituted or substituted with 1to 2 groups independently selected from methyl,
carboxy-methyl, methoxy-carbonyl-methyl, dimethyl-amino-carbonyl-methyl, cyano-methyl,
methyl-carbonyl-amino and phenyl; or the pharmaceutically acceptable salt thereof.

[0035] In afurther embodiment, Ri and R, are hydrogen; R, ishydroxy; Xi is
selected from abond, methylene or ethylene; wherein said methylene or ethylene can be
unsubstituted or substituted with 1to 2 groups independently selected from cyano-methyl,
carboxy-methyl, methoxy-carbonyl-methyl, dimethyl-amino-carbonyl-methyl, methyl-
carbonyl-amino and phenyl; or the pharmaceutically acceptable salt thereof.

[0036] In anfurther embodiment, Rs is selected from Ci_salkyl, C, salkenyl,
imidazo[l,2-a]pyrimidinyl, methyl-carbonyl-amino, 2-oxo-4-phenylpiperazin-I-yl, 4-(2-
chlorobenzyl)-3-oxopiperazin-I-yl, imidazo[l,2-a]pyridinyl, 2-oxo-l, 2,3,6-
tetrahydropyrimidinyl, imidazo[l,2-a]pyridin-2-yl, ,imidazo[2,l-b]thiazol-6-yl, pyrazolo[l,5-
alpyrimidin-2-yl, IH-pyrrolo[2,3-b]pyridinyl, |H-pyrazolo[3,4-b]pyridinyl,

benzo[c] [ 1,2,5]thiadiazolyl, imidazo[2, 1-b]thiazolyl, 2,3-dihydrobenzo[b] [1,4]dioxin-2-yl,
naphtho[2,3-d][l,3]dioxol-2-yl, 3,4-dihydro-2H-benzo[b][l,4]oxazin-7-yl, 1,2,4-oxadiazolyl,
4-0X0-4,5,6,7-tetrahydrobenzofuranyl, 5-oxopyrrolidin-3-yl, benzo[d]isoxazolyl, 2,3-
dihydrobenzofuran-3-yl, chroman-8-yl, 3-oxo-3H-pyrazolyl, benzo[b]thiophenyl,
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benzo[b]furanyl, 6-oxo-l,6-dihydropyridazinyl, 2-oxo-l,2-dihydropyridinyl, 2-oxo-
1,2,5,6,7,8-hexahydroquinolinyl, 4-oxo- 1,4-dihydro- 1,8-naphthyridinyl, 4-oxo-4H-
pyrano[2,3-b]pyridinyl, 10,10-dioxido-9-oxo-9H-thioxanthen-3-yl, phenyl, quinolinyl,
isoquinolinyl, phenoxy, 9H-thioxanthen-9-one 10,10-dioxide, IH-benzo[d][l,2,3]triazole,
benzo[c][l,2,5]thiadiazole, naphtho[2,3-d][I,3]dioxole, benzo[d]isoxazol-3-yl, cyclohexyl-
oxy, phenyl-thio, 2,3-dihydroimidazo[l,2-a]pyridin-2-yl, 1,4,5,6-
tetrahydrocyclopentg[c]pyrazol-3-yl, 3,4-dihydropyrimidin-2(IH)-one, naphthyl-oxy,
naphthyl-thio, adamantly-oxy, IH-pyrazolo[3,4-b]pyridin-3-yl, naphthyl, cyclohexyl,
phenethyl, benzoxy, phenylthio, pyrrolyl, quinolin-8-yloxy, furanyl, thiazolyl, oxazolyl,
isoxazolyl, thienyl, pyridinyl, pyrimidinyl, pyrrolidinyl, imidazolidine-2,4-dionyl,
pyrrolidinonyl, piperidinyl, piperazinyl, pyrimidinyl, pyrazinyl, pyrazolyl, morpholino,
oxomorpholino, indolyl, benzo[d][l,2,3]triazol and oxopiperazinyl; wherein said Ci_galkyl,
C, calkenyl, imidazo[l,2-a]pyrimidinyl, imidazof[l,2-a]pyridinyl, [H-pyrrolo[2,3-b]pyridinyl,
benzo[d]isoxazolyl, IH-pyrazolo[3,4-b]pyridinyl, 1,2,4-oxadiazolyl,
benzo[c][l,2,5]thiadiazolyl, imidazo[l,2-a]pyridin-yl, imidazo[2,l-b]thiazolyl, imidazo[2,l-
bJthiazol-6-yl, 4-oxo-4,5,6,7-tetrahydrobenzo furanyl, 2-oxo- 1,2,3,6-tetrahydropyrimidinyl,
2,3-dihydrobenzo[b][l,4]dioxin-2-yl, naphtho[2,3-d][l,3]dioxol-2-yl, 3,4-dihydro-2H-
benzo[b][l,4]oxazin-7-yl, 2,3-dihydrobenzofuran-3-yl, chroman-8-yl, 3-oxo-3H-pyrazolyl, 6-
oxo-l,6-dihydropyridazinyl, 2-oxo- 1,2-dihydropyridinyl, benzo[b]thiophenyl,

benzo[b] furanyl, 2-oxo-l,2,5,6,7,8-hexahydroquinolinyl,  4-oxo-l,4-dihydro-1,8-
naphthyridinyl, 4-oxo-4H-pyrano[2,3-b]pyridinyl, 10,1 0-dioxido-9-oxo-9H-thioxanthen-3-yl,
5-oxopyrrolidin-3-yl, phenyl, quinolinyl, pyrimidinyl, isoquinolinyl, phenoxy, 9H-
thioxanthen-9-one 10,10-dioxide, |H-benzo[d][l,2,3]triazole, benzo[c][l,2,5]thiadiazole,
naphtho[2,3-d][I,3]dioxole, benzo[d]isoxazol-3-yl, cyclohexyl-oxy, phenyl-thio, 2,3-
dihydroimidazo[l,2-a]pyridin-2-yl, 1,4,5,6-tetrahydrocyclopentgc]pyrazol-3-yl,
pyrazolo[l,5-alpyrimidin-2-yl, IH-pyrazolo[3,4-b]pyridin-3-yl, 3,4-dihydropyrimidin-2(IH)-
one, naphthyl, cyclohexyl, phenethyl, benzoxy, phenoxy-methyl, phenylthio, pyrrolyl,
quinolin-8-yloxy, phenyl-sulfonyl, furanyl, thiazolyl, oxazolyl, isoxazolyl, thienyl, pyridinyl,
pyrrolidinyl, pyrrolidinonyl, piperazinyl, piperidinyl, pyrazinyl, pyrimidinyl, pyrazolyl,

morpholino, oxomorpholino, indolyl, benzo[d][l,2,3]triazol or oxopiperazinyl of rsis



WO 2013/096060 PCT/US2012/069273

-12 -

unsubstituted or substituted with 1to 3 groups independently selected from methyl, halo,
methyl-carbonyl-amino, hydroxy, cyclohexyl-amino, carboxy, methyl-carbonyl, isopropyl,
trifiuoromethyl, amino, nitro, ethyl, isopropyl, methoxy, t-butoxy-amino, methyl-sulfanyl,
amino-sulfonyl, dipropyl-amino-sulfonyl, cyano, trifluoromethyl-sulfanyl, trifluoromethoxy,
t-butyl, t-butyl-carbonyl-amino, methoxy-methyl, phenyl, pyrrolidinyl, benzyl, morpholino,
piperidinyl, morpholino-methyl, 1,2.4-oxadiazolyl, pyrazolyl, indolyl, (1H-1,2,4-
triazolyl)methyl, 2-oxo-pyrrolidin-I-yl, phenoxy and benzoxy; wherein said phenyl, benzyl,
morpholino, piperidinyl, pyrrolidinyl, morpholino-methyl, 1,2,4-oxadiazolyl, pyrazolyl,
indolyl, (IH-1,2,4-triazolyl)methyl, phenoxy or benzoxy can be unsubstituted or further
substituted with 1to 2 groups independently selected from methyl, methyl-carbonyl,
methoxy, halo, amino, amino-sulfonyl and ethoxy; or the pharmaceutically acceptable salt
thereof.

[0037] In afurther embodiment are compounds selecetd from:
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Pharmacology and Utility

[0038] The present invention makes available methods and compounds capable of
inhibiting the interaction between BCL-2 and proteins containing a BH3 domain. One aspect of
the present invention relates to amethod of treating a BCL-2-mediated disorder, comprising the
step of administering to apatient in need thereof atherapeutically effective amount of a
compound of formula | as defined in the Summary fo the Invention.

[0039] BCL-2 inhibitors have been shown to be active against a number of cancer cell
lines as a single agent, including, but not limited to, breast cancer (US 2003/01 19894, published
PCT applications WO 02/097053 and WO 02/13833), lymphomas {Nature (2005) 435, 677-681),
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small cell lung cancer {Nature (2005) 435, 677-681), head and neck cancer (published PCT
application WO 02/097053), and leukemias (published PCT application WO 02/13833).

[0040] BCL-2 was originally identified at the chromosomal breakpoint of t(14; 18)-
bearing B-cell lymphomas and belongs to a growing family of proteins which regulate apoptosis.
(Gross, A; McDonndll, JM; Korsmeyer, S.J.BCL-2 family members and the mitochondria in
apoptosis. Genes & Development 1999, 13, 1899-191 1,Cory, S.; Huang, D.C.S.; Adams, JM.
The BCL-2 family: roles in cell survival and oncogenesis. Oncogene, 2003 22, 8590-8607.
Danial, N.N.; Korsmeyer, S.J. Cell death: Critical control points. Cell 2004, 116, 205-218. Chao,
D.T.; Korsmeyer, S.J.BCL-2 family: regulators of cell death. Annu. Rev. Immunol. 1998, 16,
395-419).. Apoptosis, Christopher Potten, James Wilson, Cambridge University Press, 2004).
The BCL-2 family of proteins include both anti-apoptotic molecules, such as BCL-2 and BCL-
XL, and pro-apoptotic molecules, such as BAX, BAK, BID and BAD. BCL-2 contributes to
cancer cell progression by preventing normal cell turnover caused by physiological cell-death
mechanisms. Over-expression of BCL-2 has been observed in 70% of breast cancer and many
other forms of cancer (Buolaniwini, J. K.Novel anticancer drug discovery. Curr. Opin. Chem.
Biol. 1999, 3, 500-509). The expression levels of BCL-2 proteins aso correlate with resistance to
awide spectrum of chemotherapeutic drugs and y-radiation therapy (Reed, J. C ; Miyashita, T.;
Takayama, S.; Wang, H.-G.; Sato, T.; Kragjewski, S.; Aime-Sempe, C ; Bodrug, S.; Kitada, S,;
Hanada, M. BCL-2 family proteins: Regulators of cell-death involved in the pathogenesis of
cancer and resistance to therapy. J. Cell. Biochem. 1996, 60, 23-32; Reed, J. C. BCL-2 family
proteins. strategies for overcoming chemoresistance in cancer. Advances in Pharmocology 1997,
41, 501-553; Strasser, A.; Huang, D.C. S.;; Vaux, D.L. The role of the BCL-2/ced-9 gene family
in cancer and general implications of defects in cell death control for tumorigenesis and resistance
to chemotherapy. Biochem. Biophys. Acta 1997,1333, F151-F189; DiPaola, R. S.; Aisner, J.
Overcoming BCL-2- and p53-mediated resistance in prostate cancer. Semin. Oncol. 1999, 26,
112-1 16).

[0041] Members of the BCL-2 family of proteins represent key regulators of
apoptosis, with pro-apoptotic (e.g., BAX, BAK, BID, BIM, NOXA, PUMA) and anti-apoptotic
function (e.g., BCL-2, BCL-XL, MCL-1). Selective and competitive dimerization between pro-

and anti-apoptotic members of the family determines the fate of a cell given pro-apoptotic
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stimulus. Although the precise roles of BCL-2 and BCL-XL in cancer are not completely
understood, there are several lines of evidence that suggest that BCL-2 and BCL-XL not only
contribute to cancer progression by preventing normal cell turnover, but also play arole in the
resistance of cancer cells to current cancer treatments. Experimental over-expression of BCL-2
(BCL-XL) renders cancer cells resistant to awide spectrum of chemotherapeutic agents and
radiation (BCL-2 family proteins: Regulators of cell-death involved in the pathogenesis of cancer
and resistance to therapy. J. Cell. Biochem. 1996, 60, 23-32; Reed, J. C). BCL-2 and/or BCL-XL
are over-expressed in more than 50% of al tumors as shown below (from Wang, S;; Yang, D.;
Lippman, M.E. Targeting BCL-2 and BCL-XL with nonpeptidic small-molecule antagonists.
Seminars in Oncology, 2003, 5, 133-142).

Cancer BCL-2 over- BCL-XL over-
expression (%) expression (%)
Prostate 20-40 100
- hormone resistant 80-100 -
Breast 60-80 40-60
Non-small cell lung 20-40 -
Small cell lung 60-80 -
Colorectal 50-100 83
Melanoma 65 90
Multiple myeloma (at relapse) - 77
Head and Neck 13 52-75
Pancreatic 23 90
Hepatocellular carcinoma - 80
[0042] Biological approaches to modulating BCL-2 function using anti-sense

oligonucleotides or single-chain antibodies have been shown to enhance tumor cell
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chemosensitivity (Ziegler, A.; Luedke, G. H.; Fabbro, D.; Altmann, K. H.; Stahel, R. A.;
Zangemeister-Wittke, U. Induction of apoptosis in small-cell lung cancer cells by an antisense
oligodeoxynucleotide targeting the BCL-2 coding sequence. J. Natl. Cancer. Inst. 1997, 89, 1027-
1036; Webb, A.; Cunningham, D.; Cotter, F.; Clarke, P. A.; Di Stefano, F.; Ross, P.; Corpo, M.;
Dziewanowska, Z.BCL-2 antisense therapy in patients with non-hodgkin lymphoma. Lancet
1997, 349, 1137-1 141, Cotter, F. E. Phase | clinical and pharmacokinetic study of BCL-2
antisense oligonucleotide therapy in patients with non-hodgkin's lymphoma. J. Clin. Oncol. 2000,
18, 1812-1823; Piche, A.; Grim, J.; Rancourt, C ; Gomez-Navarro, J.; Reed, J. C ; Curiel, D.T.
Modulation of BCL-2 protein levels by an intracellular anti- BCL-2 single-chain antibody
increases drug-induced cytotoxicity inthe breast cancer cell line MCF-7. Cancer Res. 1998, 58,
2134-2140).

[0043] It has been shown that an anti-sense oligonucleotide (G3139) (Raynaud, F.
[.; Orr, R.M.; Goddard, P.M.; Lacey, H.A.; Lancashire, H.; Judson, |.R.; Beck, T.; Bryan, B.;
Cotter, F. E. Pharmacokinetics of G3139, aphosphorothioate oligodeoxynucleotide antisense to
BCL-2, after intravenous administration or continuous subcutaneous infusion to mice. J.
Pharmacol. Exp. Ther. 1997, 281, 420-427), designed to hybridize to sequence in BCL-2 mRNA,
inhibits BCL-2 expression, induces apoptosis and inhibits cell growth in human breast cancer
cells having Bcl-2 over-expression (Chen, H. X., Marchall, J.L., Trocky, N., Baidas, S., Rizvi,
N., Ling, Y., Bhagava, P., Lippman, M.E., Yang, D., and Hayes, D. F. A Phase | study of BCL-2
antisense G3139 (Genta) and weekly docetaxel in patients with advanced breast cancer and other
solid tumors. Proceedings of American Society of Clinical Oncology, 2000). Importantly,
synergistic effects and complete tumor regression were observed in vivo in the combined
treatments of G3139 with docetaxel. Therefore, BCL-2 represents ahighly attractive target for the
development of anovel therapy for the treatment of many forms of cancers.

[0044] In certain embodiments, the present invention relates to the aforementioned
method, wherein said BCL-2-mediated disorder is cancer.

[0045] In certain embodiments, the present invention relates to the aforementioned
method, wherein said cancer is selected from the group consisting of acute leukemia, acute
lymphocytic leukemia, acute myelocytic leukemia, myeloblastic, promyelocytic,

myelomonocytic, monocytic, erythroleukemia, chronic leukemia, chronic myelocytic
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(granulocytic) leukemia, chronic lymphocytic leukemia, polycythemia Vera, Hodgkin's
disease, non-Hodgkin's disease; multiple myeloma, Waldenstrom's macroglobulinemia, heavy
chain disease, fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma, osteogenic
sarcoma, chordoma, angiosarcoma, endotheliosarcoma, lymphangio sarcoma,
lymphangioendotheliosarcoma, synovioma, mesothelioma, Ewing's tumor, leiomyosarcoma,
rhabdomyosarcoma, colon carcinoma, pancreatic cancer, breast cancer, ovarian cancer,
prostate cancer, squamous cell carcinoma, basal cell carcinoma, adenocarcinoma, sweat gland
carcinoma, sebaceous gland carcinoma, papillary carcinoma, papillary adenocarcinomas,
stadenocarcinoma, medullary carcinoma, bronchogenic carcinoma, renal cell carcinoma,
hepatoma, bile duct carcinoma, choriocarcinoma, seminoma, embryonal carcinoma, Wilms
tumor, cervical cancer, uterine cancer, testicular tumor, lung carcinoma, small cell lung
carcinoma, bladder carcinoma, epithelia carcinoma, glioma, astrocytoma, medulloblastoma,
craniopharyngioma, ependymoma, pinealoma, hemangioblastoma, acoustic neuroma,
oligodendroglioma, meningioma, melanoma, neuroblastoma, retinoblastoma, and endometrial
cancer.

[0046] In certain embodiments, the present invention relates to the aforementioned
method, wherein said cancer isfollicular lymphoma, diffuse large B-cell lymphoma, mantle
cell lymphoma, chronic lymphocytic leukemia prostrate cancer, breast cancer, neuroblastoma,
colorectal, endometrial, ovarian, lung cancer, hepatocellular carcinoma, multiple myeloma,
head and neck or testicular cancer.

[0047] In certain embodiments, the present invention relates to the aforementioned
method, wherein said cancer over-expresses BCL-2.

[0048] In certain embodiments, the present invention relates to the aforementioned
method, wherein said cancer is dependent upon BCL-2 for growth and survival.

[0049] In certain embodiments, the present invention relates to the aforementioned
method, wherein said compound is administered parenterally.

[0050] In certain embodiments, the present invention relates to the aforementioned
method, wherein said compound is administered intramuscularly, intravenously,

subcutaneously, orally, pulmonary, intrathecally, topically or intranasally.
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[0051] In certain embodiments, the present invention relates to the aforementioned
method, wherein said compound is administered systemically.

[0052] In certain embodiments, the present invention relates to the aforementioned
method, wherein said patient is amammal.

[0053] In certain embodiments, the present invention relates to the aforementioned
method, wherein said patient is a primate.

[0054] In certain embodiments, the present invention relates to the aforementioned
method, wherein said patient is a human.

[0055] In another aspect, the present invention relates to amethod of treating a Bcl-
mediated disorder, comprising the step of: administering to apatient in need thereof a
therapeutically effective amount of a chemothereutic agent in combination with a
therapeutically effective amount of a compound of compound of formula | as defined in the

Summary of the Invention.

Pharmaceutical Compositions

[0056] In another aspect, the present invention provides pharmaceutically acceptable
compositions which comprise atherapeutically-effective amount of one or more of the
compounds described above, formulated together with one or more pharmaceutically acceptable
carriers (additives) and/or diluents. Asdescribed in detail below, the pharmaceutical
compositions of the present invention may be specially formulated for administration in solid or
liquid form, including those adapted for the following: (1) oral administration, for example,
drenches (aqueous or non-aqueous solutions or suspensions), tablets, e.g., those targeted for
buccal, sublingual, and systemic absorption, boluses, powders, granules, pastes for application to
the tongue; (2) parenteral administration, for example, by subcutaneous, intramuscular,
intravenous or epidural injection as, for example, a sterile solution or suspension, or sustained-
release formulation; (3) topical application, for example, as a cream, ointment, or a controlled-
release patch or spray applied to the skin; (4) intravaginaly or intrarectally, for example, as a
pessary, cream or foam; (5) sublingually; (6) ocularly; (7) transdermally; (8) nasaly; (9)
pulmonary; or (10) intrathecally.
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[0057] The phrase "therapeutically-effective amount” as used herein means that
amount of a compound, material, or composition comprising a compound of the present
invention which is effective for producing some desired therapeutic effect in at least a sub-
population of cellsin an animal a areasonable benefit/risk ratio applicable to any medical
treatment.

[0058] The phrase "pharmaceutically acceptable” is employed herein to refer to
those compounds, materials, compositions, and/or dosage forms which are, within the scope
of sound medical judgment, suitable for use in contact with the tissues of human beings and
animals without excessive toxicity, irritation, allergic response, or other problem or
complication, commensurate with areasonable benefit/risk ratio.

[0059] The phrase "pharmaceutically-acceptable carrier” asused herein means a
pharmaceutically-acceptable material, composition or vehicle, such asaliquid or solid filler,
diluent, excipient, manufacturing aid (e.g., lubricant, talc magnesium, calcium or zinc
stearate, or steric acid), or solvent encapsulating material, involved in carrying or transporting
the subject compound from one organ, or portion of the body, to another organ, or portion of
the body. Each carrier must be "acceptable” in the sense of being compatible with the other
ingredients of the formulation and not injurious to the patient. Some examples of materials
which can serve as pharmaceutically-acceptable carriersinclude: (1) sugars, such as lactose,
glucose and sucrose; (2) starches, such as corn starch and potato starch; (3) cellulose, and its
derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate; (4)
powdered tragacanth; (5) malt; (6) gelatin; (7) talc; (8) excipients, such as cocoa butter and
suppository waxes; (9) oils, such aspeanut oil, cottonseed oil, safflower oil, sesame ail, olive
oil, corn oil and soybean ail; (10) glycols, such as propylene glycol; (11) polyols, such as
glycerin, sorbitol, mannitol and polyethylene glycol; (12) esters, such as ethyl oleate and ethyl
laurate; (13) agar; (14) buffering agents, such as magnesium hydroxide and aluminum
hydroxide; (15) alginic acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer's
solution; (19) ethyl alcohol; (20) pH buffered solutions; (21) polyesters, polycarbonates
and/or polyanhydrides; and (22) other non-toxic compatible substances employed in

pharmaceutical formulations.
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[0060] As set out above, certain embodiments of the present compounds may
contain abasic functional group, such as amino or alkylamino, and are, thus, capable of
forming pharmaceutically-acceptable salts with pharmaceutically-acceptable acids. The term
"pharmaceutically-acceptable salts' in this respect, refers to the relatively non-toxic,
inorganic and organic acid addition salts of compounds of the present invention. These salts
can be prepared in situ in the administration vehicle or the dosage form manufacturing
process, or by separately reacting apurified compound of the invention in its free base form
with asuitable organic or inorganic acid, and isolating the salt thus formed during subsequent
purification. Representative salts include the hydrobromide, hydrochloride, sulfate, bisulfate,
phosphate, nitrate, acetate, valerate, oleate, palmitate, stearate, laurate, benzoate, lactate,
phosphate, tosylate, citrate, maleate, fumarate, succinate, tartrate, napthylate, mesylate,
glucoheptonate, lactobionate, and laurylsulphonate salts and the like. (See, for example,
Berge et a. (1977) "Pharmaceutical Salts’, J. Pharm. ci. 66:1-19).

[0061] The pharmaceutically acceptable salts of the subject compounds include the
conventional nontoxic salts or quaternary ammonium salts of the compounds, e.g., from non-
toxic organic or inorganic acids. For example, such conventional nontoxic salts include those
derived from inorganic acids such as hydrochloride, hydrobromic, sulfuric, sulfamic,
phosphoric, nitric, and the like; and the salts prepared from organic acids such as acetic,
propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, palmitic, maleic,
hydroxymaleic, phenylacetic, glutamic, benzoic, salicyclic, sulfanilic, 2-acetoxybenzoic,
fumaric, toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic, isothionic, and the like.
[0062] In other cases, the compounds of the present invention may contain one or
more acidic functional groups and, thus, are capable of forming pharmaceutically-acceptable
salts with pharmaceutically-acceptable bases. The term "pharmaceutically-acceptable salts'
in these instances refers to the relatively non-toxic, inorganic and organic base addition salts
of compounds of the present invention. These salts can likewise be prepared in situ in the
administration vehicle or the dosage form manufacturing process, or by separately reacting
the purified compound in its free acid form with a suitable base, such asthe hydroxide,
carbonate or bicarbonate of a pharmaceutically-acceptable metal cation, with ammonia, or

with apharmaceutically-acceptable organic primary, secondary or tertiary amine.
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Representative alkali or alkaline earth salts include the lithium, sodium, potassium, calcium,
magnesium, and aluminum salts and the like. Representative organic amines useful for the
formation of base addition salts include ethylamine, diethylamine, ethylenediamine,
ethanolamine, diethanolamine, piperazine and the like. (See, for example, Berge et a., supra)
[0063] Wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate
and magnesium stearate, aswell as coloring agents, release agents, coating agents,
sweetening, flavoring and perfuming agents, preservatives and antioxidants can also be
present in the compositions.

[0064] Examples of pharmaceutically-acceptable antioxidants include: (1) water
soluble antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the like; (2) oil-soluble antioxidants, such as ascorbyl
palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin, propyl
gallate, apha-tocopherol, and the like; and (3) metal chelating agents, such as citric acid,
ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the like.
[0065] Formulations of the present invention include those suitable for oral, nasal,
topical (including buccal and sublingual), rectal, vaginal and/or parenteral administration.
The formulations may conveniently be presented in unit dosage form and may be prepared by
any methods well known in the art of pharmacy. The amount of active ingredient which can
be combined with a carrier material to produce a single dosage form will vary depending
upon the host being treated, the particular mode of administration. The amount of active
ingredient which can be combined with acarrier material to produce a single dosage form will
generally be that amount of the compound which produces atherapeutic effect. Generally,
out of one hundred per cent, this amount will range from about 0.1 per cent to about ninety-
nine percent of active ingredient, preferably from about 5 per cent to about 70 per cent, most
preferably from about 10 percent to about 30 percent.

[0066] In certain embodiments, a formulation of the present invention comprises an
excipient selected from the group consisting of cyclodextrins, celluloses, liposomes, micelle
forming agents, e.g., bile acids, and polymeric carriers, e.g., polyesters and polyanhydrides;
and a compound of the present invention. In certain embodiments, an aforementioned

formulation renders orally bioavailable a compound of the present invention.
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[0067] Methods of preparing these formulations or compositions include the step of
bringing into association a compound of the present invention with the carrier and, optionally,
one or more accessory ingredients. In general, the formulations are prepared by uniformly
and intimately bringing into association a compound of the present invention with liquid
carriers, or finely divided solid carriers, or both, and then, if necessary, shaping the product.
[0068] Formulations of the invention suitable for oral administration may bein the
form of capsules, cachets, pills, tablets, lozenges (using a flavored basis, usually sucrose and
acacia or tragacanth), powders, granules, or as a solution or a suspension in an agueous or
non-aqueous liquid, or as an oil-in-water or water-in-oil liquid emulsion, or as an €lixir or
syrup, or as pastilles (using an inert base, such as gelatin and glycerin, or sucrose and acacia)
and/or as mouth washes and the like, each containing a predetermined amount of a compound
of the present invention as an active ingredient. A compound of the present invention may
also be administered as abolus, electuary or paste.

[0069] In solid dosage forms of the invention for oral administration (capsules,
tablets, pills, dragees, powders, granules, trouches and the like), the active ingredient is mixed
with one or more pharmaceutically-acceptable carriers, such as sodium citrate or dicalcium
phosphate, and/or any of the following: (1) fillers or extenders, such as starches, lactose,
sucrose, glucose, mannitol, and/or silicic acid; (2) binders, such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia; (3)
humectants, such as glycerol; (4) disintegrating agents, such as agar-agar, calcium carbonate,
potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate; (5) solution
retarding agents, such as paraffin; (6) absorption accelerators, such as quaternary ammonium
compounds and surfactants, such as poloxamer and sodium lauryl sulfate; (7) wetting agents,
such as, for example, cetyl alcohol, glycerol monostearate, and non-ionic surfactants; (8)
absorbents, such as kaolin and bentonite clay; (9) lubricants, such astalc, calcium stearate,
magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate, zinc stearate, sodium
stearate, stearic acid, and mixtures thereof; (10) coloring agents; and (11) controlled release
agents such as crospovidone or ethyl cellulose. In the case of capsules, tablets and pills, the
pharmaceutical compositions may also comprise buffering agents. Solid compositions of a

similar type may also be employed as fillers in soft and hard-shelled gelatin capsules using
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such excipients as lactose or milk sugars, aswell as high molecular weight polyethylene
glycols and the like.

[0070] A tablet may be made by compression or molding, optionally with one or
more accessory ingredients. Compressed tablets may be prepared using binder (for example,
gelatin or hydroxypropylmethyl cellulose), lubricant, inert diluent, preservative, disintegrant
(for example, sodium starch glycolate or cross-linked sodium carboxymethyl cellulose),
surface-active or dispersing agent. Molded tablets may be made by molding in a suitable
machine amixture of the powdered compound moistened with an inert liquid diluent.

[0071] The tablets, and other solid dosage forms of the pharmaceutical
compositions of the present invention, such as dragees, capsules, pills and granules, may
optionally be scored or prepared with coatings and shells, such as enteric coatings and other
coatings well known in the pharmaceutical- formulating art. They may also be formulated so
asto provide slow or controlled release of the active ingredient therein using, for example,
hydroxypropylmethyl cellulose in varying proportions to provide the desired release profile,
other polymer matrices, liposomes and/or microspheres. They may be formulated for rapid
release, e.q., freeze-dried. They may be sterilized by, for example, filtration through a
bacteria-retaining filter, or by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved in sterile water, or some other sterile injectable medium
immediately before use. These compositions may also optionally contain opacifying agents
and may be of a composition that they release the active ingredient(s) only, or preferentially,
in a certain portion of the gastrointestinal tract, optionally, in adelayed manner. Examples of
embedding compositions which can be used include polymeric substances and waxes. The
active ingredient can also bein micro-encapsulated form, if appropriate, with one or more of
the above-described excipients.

[0072] Liquid dosage forms for oral administration of the compounds of the
invention include pharmaceutically acceptable emulsions, microemulsions, solutions,
suspensions, syrups and elixirs. In addition to the active ingredient, the liquid dosage forms
may contain inert diluents commonly used in the art, such as, for example, water or other
solvents, solubilizing agents and emulsifiers, such as ethyl acohol, isopropyl alcohol, ethyl

carbonate, ethyl acetate, benzyl acohol, benzyl benzoate, propylene glycol, 1,3-butylene
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glycol, ails (in particular, cottonseed, groundnut, corn, germ, olive, castor and sesame ails),
glycerol, tetrahydrofuryl acohol, polyethylene glycols and fatty acid esters of sorbitan, and
mixtures thereof.

[0073] Besides inert diluents, the oral compositions can also include adjuvants such
as wetting agents, emulsifying and suspending agents, sweetening, flavoring, coloring,
perfuming and preservative agents.

[0074] Suspensions, in addition to the active compounds, may contain suspending
agents as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan
esters, microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and
tragacanth, and mixtures thereof.

[0075] Formulations of the pharmaceutical compositions of the invention for rectal
or vaginal administration may be presented as a suppository, which may be prepared by
mixing one or more compounds of the invention with one or more suitable nonirritating
excipients or carriers comprising, for example, cocoa butter, polyethylene glycol, a
suppository wax or a salicylate, and which is solid a room temperature, but liquid at body
temperature and, therefore, will melt in the rectum or vaginal cavity and release the active
compound.

[0076] Formulations of the present invention which are suitable for vaginal
administration also include pessaries, tampons, creams, gels, pastes, foams or spray
formulations containing such carriers as are known in the art to be appropriate.

[0077] Dosage forms for the topical or transdermal administration of a compound
of this invention include powders, sprays, ointments, pastes, creams, lotions, gels, solutions,
patches and inhalants. The active compound may be mixed under sterile conditions with a
pharmaceutically-acceptable carrier, and with any preservatives, buffers, or propellants which
may be required.

[0078] The ointments, pastes, creams and gels may contain, in addition to an active
compound of this invention, excipients, such as animal and vegetable fats, oils, waxes,
paraffins, starch, tragacanth, cellulose derivatives, polyethylene glycols, silicones, bentonites,

silicic acid, talc and zinc oxide, or mixtures thereof.
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[0079] Powders and sprays can contain, in addition to a compound of this
invention, excipients such as lactose, talc, silicic acid, aluminum hydroxide, calcium silicates
and polyamide powder, or mixtures of these substances. Sprays can additionally contain
customary propellants, such as chlorofluorohydrocarbons and volatile unsubstituted
hydrocarbons, such as butane and propane.

[0080] Transdermal patches have the added advantage of providing controlled
delivery of acompound of the present invention to the body. Such dosage forms can be made
by dissolving or dispersing the compound in the proper medium. Absorption enhancers can
also be used to increase the flux of the compound across the skin. The rate of such flux can
be controlled by either providing arate controlling membrane or dispersing the compound in
apolymer matrix or gel.

[0081] Ophthalmic formulations, eye ointments, powders, solutions and the like,
are also contemplated as being within the scope of this invention.

[0082] Pharmaceutical compositions of this invention suitable for parenteral
administration comprise one or more compounds of the invention in combination with one or
more pharmaceutically-acceptable sterile isotonic agqueous or nonagueous solutions,
dispersions, suspensions or emulsions, or sterile powders which may be reconstituted into
sterile injectable solutions or dispersions just prior to use, which may contain sugars,
alcohols, antioxidants, buffers, bacteriostats, solutes which render the formulation isotonic
with the blood of the intended recipient or suspending or thickening agents.

[0083] Examples of suitable agueous and nonaqueous carriers which may be
employed in the pharmaceutical compositions of the invention include water, ethanol, polyols
(such as glyceral, propylene glycol, polyethylene glycol, and the like), and suitable mixtures
thereof, vegetable oils, such as olive oil, and injectable organic esters, such as ethyl oleate.
Proper fluidity can be maintained, for example, by the use of coating materials, such as
lecithin, by the maintenance of the required particle size in the case of dispersions, and by the
use of surfactants.

[0084] These compositions may also contain adjuvants such as preservatives,
wetting agents, emulsifying agents and dispersing agents. Prevention of the action of

microorganisms upon the subject compounds may be ensured by the inclusion of various
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antibacterial and antifungal agents, for example, paraben, chlorobutanol, phenol sorbic acid,
and the like. 1t may also be desirable to include isotonic agents, such as sugars, sodium
chloride, and the like into the compositions. In addition, prolonged absorption of the
injectable pharmaceutical form may be brought about by the inclusion of agents which delay
absorption such as aluminum monostearate and gelatin.

[0085] In some cases, in order to prolong the effect of adrug, it is desirable to slow
the absorption of the drug from subcutaneous or intramuscular injection. This may be
accomplished by the use of aliquid suspension of crystalline or amorphous material having
poor water solubility. The rate of absorption of the drug then depends upon its rate of
dissolution which, in turn, may depend upon crystal size and crystalline form. Alternatively,
delayed absorption of a parenterally-administered drug form is accomplished by dissolving or
suspending the drug in an oil vehicle.

[0086] Injectable depot forms are made by forming microencapsule matrices of the
subject compounds in biodegradable polymers such as polylactide-polyglycolide. Depending
on the ratio of drug to polymer, and the nature of the particular polymer employed, the rate of
drug release can be controlled. Examples of other biodegradable polymers include
poly(orthoesters) and poly(anhydrides). Depot injectable formulations are also prepared by
entrapping the drug in liposomes or microemulsions which are compatible with body tissue.
[0087] When the compounds of the present invention are administered as
pharmaceuticals, to humans and animals, they can be given per se or as a pharmaceutical
composition containing, for example, 0.1 to 99% (more preferably, 10 to 30%) of active
ingredient in combination with apharmaceutically acceptable carrier.

[0088] The preparations of the present invention may be given orally, parenterally,
topically, or rectally. They are of course given in forms suitable for each administration
route. For example, they are administered in tablets or capsule form, by injection, inhalation,
eye lotion, ointment, suppository, etc. administration by injection, infusion or inhalation;
topical by lotion or ointment; and rectal by suppositories. Oral administrations are preferred.
[0089] The phrases "parenteral administration” and "administered parenterally” as
used herein means modes of administration other than enteral and topical administration,

usually by injection, and includes, without limitation, intravenous, intramuscular, intraarterial,
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intrathecal, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal,
subcutaneous, subcuticular, intraarticulare, subcapsular, subarachnoid, intraspina and
intrasternal injection and infusion.

[0090] The phrases "systemic administration,” "administered systemically,”
"peripheral administration” and "administered peripherally” as used herein mean the
administration of a compound, drug or other material other than directly into the central
nervous system, such that it enters the patient's system and, thus, is subject to metabolism and
other like processes, for example, subcutaneous administration.

[0091] These compounds may be administered to humans and other animals for
therapy by any suitable route of administration, including orally, nasally, as by, for example, a
spray, rectally, intravaginaly, parenterally, intracisternally and topically, as by powders,
ointments or drops, including buccally and sublingually.

[0092] Regardless of the route of administration selected, the compounds of the
present invention, which may beused in a suitable hydrated form, and/or the pharmaceutical
compositions of the present invention, are formulated into pharmaceutically-acceptable
dosage forms by conventional methods known to those of skill in the art.

[0093] Actual dosage levels of the active ingredients in the pharmaceutical
compositions of this invention may bevaried so asto obtain an amount of the active
ingredient which is effective to achieve the desired therapeutic response for a particular
patient, composition, and mode of administration, without being toxic to the patient.

[0094] The selected dosage level will depend upon avariety of factors including
the activity of the particular compound of the present invention employed, or the ester, salt or
amide thereof, the route of administration, the time of administration, the rate of excretion or
metabolism of the particular compound being employed, the rate and extent of absorption, the
duration of the treatment, other drugs, compounds and/or materials used in combination with
the particular compound employed, the age, sex, weight, condition, general health and prior
medical history of the patient being treated, and like factors well known in the medical arts.
[0095] A physician or veterinarian having ordinary skill in the art can readily
determine and prescribe the effective amount of the pharmaceutical composition required.

For example, the physician or veterinarian could start doses of the compounds of the
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invention employed in the pharmaceutical composition at levels lower than that required in
order to achieve the desired therapeutic effect and gradually increase the dosage until the
desired effect is achieved.

[0096] In general, a suitable daily dose of a compound of the invention will be that
amount of the compound which isthe lowest dose effective to produce atherapeutic effect.
Such an effective dose will generally depend upon the factors described above. Generadly,
oral, intravenous, intracerebroventricular and subcutaneous doses of the compounds of this
invention for apatient, when used for the indicated analgesic effects, will range from about
0.0001 to about 100 mg per kilogram of body weight per day.

[0097] If desired, the effective daily dose of the active compound may be
administered astwo, three, four, five, six or more sub-doses administered separately at
appropriate intervals throughout the day, optionally, in unit dosage forms. Preferred dosing is
one administration per day.

[0098] While it ispossible for acompound of the present invention to be
administered alone, it is preferable to administer the compound as a pharmaceutical
formulation (composition).

[0099] The compounds according to the invention may be formulated for
administration in any convenient way for use in human or veterinary medicine, by analogy
with other pharmaceuticals.

[00100] In another aspect, the present invention provides pharmaceutically
acceptable compositions which comprise atherapeutically-effective amount of one or more of
the subject compounds, as described above, formulated together with one or more
pharmaceutically acceptable carriers (additives) and/or diluents. As described in detail
below, the pharmaceutical compositions of the present invention may be specialy formulated
for administration in solid or liquid form, including those adapted for the following: (1) oral
administration, for example, drenches (agueous or non-aqueous solutions or suspensions),
tablets, boluses, powders, granules, pastes for application to the tongue; (2) parenteral
administration, for example, by subcutaneous, intramuscular or intravenous injection as, for
example, a sterile solution or suspension; (3) topical application, for example, as a cream,

ointment or spray applied to the skin, lungs, or mucous membranes; or (4) intravaginally or
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intrarectally, for example, as apessary, cream or foam; (5) sublingually or buccaly; (6)

ocularly; (7) transdermally; or (8) nasally.

[00101] The term "treatment” isintended to encompass also prophylaxis, therapy
and cure.
[00102] The patient receiving this treatment is any animal in need, including

primates, in particular humans, and other mammals such as equines, cattle, swine and sheep;
and poultry and pets in general.

[00103] The compound of the invention can be administered as such or in
admixtures with pharmaceutically acceptable carriers and can also be administered in
conjunction with antimicrobial agents such as penicillins, cephalosporins, aminoglycosides
and glycopeptides. Conjunctive therapy, thus includes sequential, simultaneous and separate
administration of the active compound in away that the therapeutical effects of the first
administered one isnot entirely disappeared when the subsequent is administered.

[00104] Microemulsification technology can improve bioavailability of some
lipophilic (water insoluble) pharmaceutical agents. Examples include Trimetrine (Dordunoo,
S.K., et a, Drug Development and Industrial Pharmacy, 17(12), 1685-1713, 1991 and REV
5901 (Sheen, P.C, et a, JPharm Sci 80(7), 712-714, 1991). Among other things,
microemulsification provides enhanced bioavailability by preferentially directing absorption
to the lymphatic system instead of the circulatory system, which thereby bypasses the liver,
and prevents destruction of the compounds in the hepatobiliary circulation.

[00105] While al suitable amphiphilic carriers are contemplated, the presently
preferred carriers are generally those that have Generally-Recognized-as-Safe (GRAS) status,
and that can both solubilize the compound of the present invention and microemulsify it a a
later stage when the solution comes into a contact with a complex water phase (such as one
found in human gastro-intestinal tract). Usualy, amphiphilic ingredients that satisfy these
requirements have HLB (hydrophilic to lipophilic balance) values of 2-20, and their structures
contain straight chain aiphatic radicals in the range of C-6 to C-20. Examples are
polyethylene-glycolized fatty glycerides and polyethylene glycols.

[00106] Commercially available amphiphilic carriers are particularly contemplated,

including Gelucire-series, Labrafil, Labrasol, or Lauroglycol (al manufactured and
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distributed by Gattefosse Corporation, Saint Priest, France), PEG-mono-oleate, PEG-di-
oleate, PEG-mono-laurate and di-laurate, Lecithin, Polysorbate 80, etc (produced and
distributed by anumber of companiesin USA and worldwide).

[00107] Hydrophilic polymers suitable for use in the present invention are those
which are readily water-soluble, can be covalently attached to avesicle-forming lipid, and
which aretolerated in vivo without toxic effects (i.e., are biocompatible). Suitable polymers
include polyethylene glycol (PEG), polylactic (also termed polylactide), polyglycolic acid
(also termed polyglycolide), apolylactic-polyglycolic acid copolymer, and polyvinyl alcohol.
Preferred polymers are those having amolecular weight of from about 100 or 120 daltons up
to about 5,000 or 10,000 daltons, and more preferably from about 300 daltons to about 5,000
daltons. In aparticularly preferred embodiment, the polymer is polyethyleneglycol having a
molecular weight of from about 100 to about 5,000 daltons, and more preferably having a
molecular weight of from about 300 to about 5,000 daltons. In aparticularly preferred
embodiment, the polymer is polyethyleneglycol of 750 daltons (PEG(750)). Polymers may
also be defined by the number of monomers therein; apreferred embodiment of the present
invention utilizes polymers of a least about three monomers, such PEG polymers consisting
of three monomers (approximately 150 daltons).

[00108] Other hydrophilic polymers which may be suitable for use in the present
invention include polyvinylpyrrolidone, polymethoxazoline, polyethyloxazoline,
polyhydroxypropyl methacrylamide, polymethacrylamide, polydimethylacrylamide, and
derivatized celluloses such as hydroxymethylcellulose or hydroxyethylcellulose.

[00109] In certain embodiments, a formulation of the present invention comprises a
biocompatible polymer selected from the group consisting of polyamides, polycarbonates,
polyalkylenes, polymers of acrylic and methacrylic esters, polyvinyl polymers,
polyglycolides, polysiloxanes, polyurethanes and co-polymers thereof, celluloses,
polypropylene, polyethylenes, polystyrene, polymers of lactic acid and glycolic acid,
polyanhydrides, poly(ortho)esters, poly(butic acid), poly(valeric acid), poly(lactide-co-
caprolactone), polysaccharides, proteins, polyhyaluronic acids, polycyanoacrylates, and

blends, mixtures, or copolymers thereof.
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[00110] Cyclodextrins are cyclic oligosaccharides, consisting of 6, 7 or 8 glucose
units, designated by the Greek letter .alpha., .beta. or .gamma., respectively. Cyclodextrins
with fewer than six glucose units are not known to exist. The glucose units are linked by
alpha- 1,4-glucosidic bonds. A s a consequence of the chair conformation of the sugar units, all
secondary hydroxyl groups (at C-2, C-3) are located on one side of the ring, while all the
primary hydroxyl groups a C-6 are situated on the other side. As aresult, the external faces
are hydrophilic, making the cyclodextrins water-soluble. In contrast, the cavities of the
cyclodextrins are hydrophobic, since they are lined by the hydrogen of atoms C-3 and C-5,
and by ether-like oxygens. These matrices allow complexation with avariety of relatively
hydrophobic compounds, including, for instance, steroid compounds such as 17.beta.-
estradiol (see, eg., van Uden et a. Plant Cell Tiss. Org. Cult. 38:1-3-1 13 (1994)). The
complexation takes place by Van der Waals interactions and by hydrogen bond formation. For
ageneral review of the chemistry of cyclodextrins, see, Wenz, Agnew. Chem. Int. Ed. Engl,
33:803-822 (1994).

[00111] The physico-chemical properties of the cyclodextrin derivatives depend
strongly on the kind and the degree of substitution. For example, their solubility in water
ranges from insoluble (e.g., triacetyl-beta-cyclodextrin) to 147% soluble (w/v) (G-2-beta-
cyclodextrin). In addition, they are soluble in many organic solvents. The properties of the
cyclodextrins enable the control over solubility of various formulation components by
increasing or decreasing their solubility.

[00112] Numerous cyclodextrins and methods for their preparation have been
described. For example, Parmeter (1), et al. (U.S. Pat. No. 3,453,259) and Gramera, € al.
(U.S. Pat. No. 3,459,731) described electroneutral cyclodextrins. Other derivatives include
cyclodextrins with cationic properties [Parmeter (I1), U.S. Pat. No. 3,453,257], insoluble
crossinked cyclodextrins (Solms, U.S. Pat. No. 3,420,788), and cyclodextrins with anionic
properties [Parmeter (111), U.S. Pat. No. 3,426,01 1]. Among the cyclodextrin derivatives with
anionic properties, carboxylic acids, phosphorous acids, phosphinous acids, phosphonic acids,
phosphoric acids, thiophosphonic acids, thiosulphinic acids, and sulfonic acids have been
appended to the parent cyclodextrin [see, Parmeter (111), supra]. Furthermore, sulfoalkyl ether
cyclodextrin derivatives have been described by Stella, et a. (U.S. Pat. No. 5,134,127).
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[00113] Liposomes consist of at least one lipid bilayer membrane enclosing an
aqueous internal compartment. Liposomes may be characterized by membrane type and by
size. Small unilamellar vesicles (SUVs) have a single membrane and typically range between
0.02 and 0.05 uin in diameter; large unilamellar vesicles (LUVS) aretypically larger than
0.05 win Oligolamellar large vesicles and multilamellar vesicles have multiple, usually
concentric, membrane layers and aretypically larger than 0.1 wn. Liposomes with several
nonconcentric membranes, i.e., several smaller vesicles contained within alarger vesicle, are
termed multivesicular vesicles.

[00114] One aspect of the present invention relates to formulations comprising
liposomes containing a compound of the present invention, where the liposome membrane is
formulated to provide aliposome with increased carrying capacity. Alternatively or in
addition, the compound of the present invention may be contained within, or adsorbed onto,
the liposome bilayer of the liposome. The compound of the present invention may be
aggregated with alipid surfactant and carried within the liposome's internal space; in these
cases, the liposome membrane is formulated to resist the disruptive effects of the active agent-
surfactant aggregate.

[00115] According to one embodiment of the present invention, the lipid bilayer of a
liposome contains lipids derivatized with polyethylene glycol (PEG), such that the PEG
chains extend from the inner surface of the lipid bilayer into the interior space encapsulated
by the liposome, and extend from the exterior of the lipid bilayer into the surrounding
environment.

[00116] Active agents contained within liposomes of the present invention are in
solubilized form. Aggregates of surfactant and active agent (such as emulsions or micelles
containing the active agent of interest) may be entrapped within the interior space of
liposomes according to the present invention. A surfactant acts to disperse and solubilize the
active agent, and may be selected from any suitable aliphatic, cycloaliphatic or aromatic
surfactant, including but not limited to biocompatible lysophosphatidylcholines (LPCs) of
varying chain lengths (for example, from about C.sub. 14 to about C.sub.20). Polymer-
derivatized lipids such as PEG-lipids may also be utilized for micelle formation asthey will

act to inhibit micelle/membrane fusion, and as the addition of apolymer to surfactant
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molecules decreases the CMC of the surfactant and aids in micelle formation. Preferred are
surfactants with CMCs in the micromolar range; higher CMC surfactants may be utilized to
prepare micelles entrapped within liposomes of the present invention, however, micelle
surfactant monomers could affect liposome bilayer stability and would be afactor in
designing aliposome of a desired stability.

[00117] Liposomes according to the present invention may be prepared by any of a
variety of techniques that are known in the art. See, e.g., U.S. Pat. No. 4,235,871; Published
PCT applications WO 96/14057; New RRC, Liposomes. A practical approach, IRL Press,
Oxford (1990), pages 33-104; Lasic DD, Liposomes from physics to applications, Elsevier
Science Publishers BV, Amsterdam, 1993.

[00118] For example, liposomes of the present invention may be prepared by
diffusing alipid derivatized with a hydrophilic polymer into preformed liposomes, such as by
exposing preformed liposomes to micelles composed of lipid-grafted polymers, at lipid
concentrations corresponding to the final mole percent of derivatized lipid which is desired in
the liposome. Liposomes containing ahydrophilic polymer can also be formed by
homogenization, lipid-field hydration, or extrusion techniques, as are known in the art.
[00119] In one aspect of the present invention, the liposomes are prepared to have
substantially homogeneous sizes in a selected size range. One effective sizing method
involves extruding an agueous suspension of the liposomes through a series of polycarbonate
membranes having a selected uniform pore size; the pore size of the membrane will
correspond roughly with the largest sizes of liposomes produced by extrusion through that
membrane. See e.g., U.S. Pat. No. 4,737,323 (Apr. 12, 1988).

[00120] The release characteristics of aformulation of the present invention depend
on the encapsulating material, the concentration of encapsulated drug, and the presence of
release modifiers. For example, release can be manipulated to be pH dependent, for example,
using apH sensitive coating that releases only a alow pH, asin the stomach, or ahigher pH,
asin the intestine. An enteric coating can be used to prevent release from occurring until after
passage through the stomach. Multiple coatings or mixtures of cyanamide encapsulated in
different materials can be used to obtain an initial release in the stomach, followed by later

release in the intestine. Release can aso be manipulated by inclusion of salts or pore forming
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agents, which can increase water uptake or release of drug by diffusion from the capsule.
Excipients which modify the solubility of the drug can also be used to control the release rate.
Agents which enhance degradation of the matrix or release from the matrix can also be
incorporated. They can be added to the drug, added as a separate phase (i.e., as particul ates),
or can be co-dissolved in the polymer phase depending on the compound. In all cases the
amount should be between 0.1and thirty percent (w/w polymer). Types of degradation
enhancers include inorganic salts such as ammonium sulfate and ammonium chloride, organic
acids such as citric acid, benzoic acid, and ascorbic acid, inorganic bases such as sodium
carbonate, potassium carbonate, calcium carbonate, zinc carbonate, and zinc hydroxide, and
organic bases such as protamine sulfate, spermine, choline, ethanolamine, diethanolamine,
and triethanolamine and surfactants such as Tween® and Pluronic®. Pore forming agents
which add microstructure to the matrices (i.e., water soluble compounds such asinorganic
salts and sugars) are added as particulates. The range should be between one and thirty
percent (w/w polymer).

[00121] Uptake can also be manipulated by altering residence time of the particles in
the gut. This can be achieved, for example, by coating the particle with, or selecting asthe
encapsulating material, amucosa adhesive polymer. Examples include most polymers with
free carboxyl groups, such as chitosan, celluloses, and especially polyacrylates (as used
herein, polyacrylates refers to polymers including acrylate groups and modified acrylate

groups such as cyanoacrylates and methacrylates).

Pharmaceutical Combinations

[00122] The invention especially relates to the use of a compound of the formulal (or a
pharmaceutical composition comprising a compound of the formulal) in the treatment of one or
more of the diseases mentioned herein; wherein the response to treatment is beneficial as
demonstrated, for example, by the partial or complete removal of one or more of the symptoms of
the disease up to complete cure or remission.

[00123] Bcl-2 inhibitors have been shown to be active against anumber of cancer
cell linesin combination with other anticancer agents and radiation, including, but not limited

to, breast cancer (With docetaxel, published PCT application WO 02/097053), prostate cancer
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(With docetaxel, published PCT application WO 02/097053), head and neck cancer (With
docetaxel, published PCT application WO 02/097053), and non small-cell lung cancer (With
paclitaxel, Nature (2005) 435, 677-681). In addition to the aforementioned combination
chemotherapeutics, small molecule inhibitors of Bcl-2 proteins display synergy with other
anticancer agents, including, but not limited to etoposide, doxorubicin, cisplatin, paclitaxel,
and radiation (Nature (2005) 435, 677-681).

[00124] A compound of formula (I) can aso be used in combination with other anti-
proliferative compounds. Such antiproliferative compounds include, but are not limited to aro-
matase inhibitors, antiestrogens, topoisomerase | inhibitors; topoisomerase |1 inhibitors;
microtubule active compounds; alkylating compounds; histone deacetylase inhibitors; compounds
which induce cell differentiation processes; cyclooxygenase inhibitors; MMP inhibittors, mTOR
inhibitors,such as RADOO1; antineoplastic antimetabolites; platin compounds, compounds targe-
ting/decreasing aprotein or lipid kinase activity and further anti-angiogenic compounds; com-
pounds which target, decrease or inhibit the activity of aprotein or lipid phosphatase; gonadorelin
agonists; anti-androgens; methionine aminopeptidase inhibitors; bisphosphonates; biological
response modifiers; antiproliferative antibodies, such asHCD122; heparanase inhibitors; inhibi-
tors of Ras oncogenic isoforms; telomerase inhibitors; proteasome inhibitors; compounds used in
the treatment of hematologic malignancies, such as FLUDARABINE; compounds which target,
decrease or inhibit the activity of FIt-3, such as PKC412; Hsp90 inhibitors such as 17-AAG (17-
allylaminogeldanamycin, NSC330507), 17-DMAG (17-dimethylaminoethylamino-17-
demethoxy-geldanamycin, NSC707545), IPI-504, CNF1010, CNF2024, CNFIOIO from
Conforma Therapeutics and AUY 922; temozolomide (TEMODAL®); kinesin spindle protein
inhibitors, such as SB715992 or SB743921 from GlaxoSmithKline, or
pentamidine/chlorpromazine from CombinatoRx; PI3K inhibitors, such as BEZ235; RAF
inhibitors, such as LGX818 or RAF265; MEK inhibitors such as ARRY 142886 from Array
PioPharma, AZD6244 from AstraZeneca, PD 181461 from Pfizer, leucovorin, EDG binders,
antileukemia compounds, ribonucleotide reductase inhibittors, S-adenosylmethionine
decarboxylase inhibitors, antiproliferative antibodies or other chemotherapeutic compounds.
Further, aternatively or in addition they may beused in combination with other tumor treatment

approaches, including surgery, ionizing radiation, photodynamic therapy, implants, e.g. with
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corticosteroids, hormones, or they may be used as radiosensitizers. Also, in anti-inflammatory
and/or antiproliferative treatment, combination with anti-inflammatory drugs isincluded.
Combination is also possible with antihistamine drug substances, bronchodilatatory drugs,
NSAID or antagonists of chemokine receptors.

[00125] The term "aromatase inhibitor" asused herein relates to a compound which
inhibits the estrogen production, i.e. the conversion of the substrates androstenedione and testoste-
rone to estrone and estradiol, respectively. The term includes, but isnot limited to steroids,
especially atamestane, exemestane and formestane and, in particular, non-steroids, especially
aminoglutethimide, roglethimide, pyridoglutethimide, trilostane, testolactone, ketokonazole,
vorozole, fadrozole, anastrozole and letrozole. Exemestane can be administered, e.g., inthe form
asit ismarketed, e.g. under the trademark AROMASIN. Formestane can be administered, e.g., in
the form as it ismarketed, e.g. under the trademark LENTARON. Fadrozole can be administered,
e.g., inthe form asit is marketed, e.g. under the trademark AFEMA. Anastrozole can be ad-
ministered, e.g., inthe form asit is marketed, e.g. under the trademark ARIMIDEX. Letrozole can
be administered, e.g., inthe form asit ismarketed, e.g. under the trademark FEMARA or
FEMAR. Aminoglutethimide can be administered, e.g., inthe form asit ismarketed, e.g. under
the trademark ORIMETEN. A combination of the invention comprising a chemotherapeutic agent
which isan aromatase inhibitor is particularly useful for the treatment of hormone receptor
positive tumors, e.g. breast tumors.

[00126] The term "antiestrogen” asused herein relates to a compound which
antagonizes the effect of estrogens at the estrogen receptor level. The term includes, but is not
limited to tamoxifen, fulvestrant, raloxifene and raloxifene hydrochloride. Tamoxifen can be
administered, e.g., inthe form asit is marketed, e.g. under the trademark NOLVADEX. Ralo-
xifene hydrochloride can be administered, e.g., inthe form asit ismarketed, e.g. under the
trademark EVISTA. Fulvestrant can be formulated as disclosed in US 4,659,516 or it can be
administered, e.g., inthe form asit is marketed, e.g. under the trademark FASLODEX. A
combination of the invention comprising a chemotherapeutic agent which is an antiestrogen is
particularly useful for the treatment of estrogen receptor positive tumors, e.g. breast tumors.
[00127] The term "anti-androgen” asused herein relates to any substance which is

capable of inhibiting the biological effects of androgenic hormones and includes, but is not
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limited to, bicalutamide (CASODEX), which can be formulated, e.g. asdisclosed inUS
4,636,505.

[00128] The term "gonadorelin agonist" asused herein includes, but is not limited to
abarelix, goserelin and goserelin acetate. Goserelin is disclosed in US 4,100,274 and can be admi-
nistered, e.g., inthe form asit ismarketed, e.g. under the trademark ZOLADEX. Abarelix can be
formulated, e.g. asdisclosed in US 5,843,901.

[00129] The term "topoisomerase | inhibitor" asused herein includes, but is not limited
to topotecan, gimatecan, irinotecan, camptothecian and its analogues, 9-nitrocamptothecin and the
macromolecular camptothecin conjugate PNU-166148 (compound Al in W099/ 17804).
Irinotecan can be administered, e.g. inthe form asit is marketed, e.g. under the trademark
CAMPTOSAR. Topotecan can be administered, e.g., inthe form asit is marketed, e.g. under the
trademark HY CAMTIN.

[00130] The term "topoisomerase 11 inhibitor" asused herein includes, but is not limited
to the anthracyclines such as doxorubicin (including liposomal formulation, e.g. CAELY X),
daunorubicin, epirubicin, idarubicin and nemorubicin, the anthraquinones mitoxantrone and lo-
soxantrone, and the podophillotoxines etoposide and teniposide. Etoposide can be administered,
e.g. inthe form asit is marketed, e.g. under the trademark ETOPOPHQOS. Teniposide can be
administered, e.g. inthe form asit is marketed, e.g. under the trademark VM 26-BRISTOL.
Doxorubicin can be administered, e.g. inthe form asit ismarketed, e.g. under the trademark
ADRIBLASTIN or ADRIAMYCIN. Epirubicin can be administered, e.g. inthe form asit is
marketed, e.g. under the trademark FARMORUBICIN. Idarubicin can be administered, e.g. inthe
form asit is marketed, e.g. under the trademark ZAVEDOS. Mitoxantrone can be administered,
e.g. inthe form asit is marketed, e.g. under the trademark NOVANTRON.

[00131] The term "microtubule active compound” relates to microtubule stabilizing,
microtubule destabilizing compounds and microtublin polymerization inhibitors including, but not
limited to taxanes, e.g. paclitaxel and docetaxel, vinca akaloids, e.g., vinblastine, especialy vin-
blastine sulfate, vincristine especially vincristine sulfate, and vinorelbine, discodermolides,
cochicine and epothilones and derivatives thereof, e.g. epothilone B or D or derivatives thereof.
Paclitaxel may be administered e.g. in the form asit is marketed, e.g. TAXOL. Docetaxel can be
administered, e.g., inthe form asit is marketed, e.g. under the trademark TAXOTERE.
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Vinblastine sulfate can be administered, e.g., in the form as it is marketed, e.g. under the
trademark VINBLASTIN R.P.. Vincristine sulfate can be administered, e.g., inthe form asit is
marketed, e.g. under the trademark FARMISTIN. Discodermolide can be obtained, e.g., as
disclosed in US 5,010,099. Also included are Epothilone derivatives which are disclosed in

WO 98/10121, US 6,194,181, WO 98/25929, WO 98/08849, WO 99/43653, WO 98/22461 and
WO 00/31247. Especialy preferred are Epothilone A and/or B.

[00132] The term "alkylating compound"” as used herein includes, but is not limited to,
cyclophosphamide, ifosfamide, melphalan or nitrosourea (BCNU or Gliadel). Cyclophosphamide
can be administered, e.g., inthe form asit is marketed, e.g. under the trademark CY CLOSTIN.
Ifosfamide can be administered, e.g., inthe form as it is marketed, e.g. under the trademark
HOLOXAN.

[00133] The term "histone deacetylase inhibitors’ or "HDAC inhibitors" relates to
compounds which inhibit the histone deacetylase and which possess antiproliferative activity.
This includes compounds such as LDH589 disclosed in WO 02/22577, especially N-hydroxy-3-
[4-[[(2-hydroxyethyl)[ 2-(IH-indol-3-yI)ethyl]-amino] methyl] phenyl]-2E-2-propenamide, N-
hydroxy-3-[4-[[[2-(2-methyl-I H -indol-3-yl)-ethyl]-amino]methyl]phenyl]-2£ -2-propenamide and
pharmaceutically acceptable salts thereof. It further especially includes Suberoylanilide
hydroxamic acid (SAHA).

[00134] The term "antineoplastic antimetabolite” includes, but is not limited to, 5-
Fluorouracil or 5-FU, capecitabine, gemcitabine, DNA demethylating compounds, such as 5-
azacytidine and decitabine, methotrexate and edatrexate, and folic acid antagonists such as
pemetrexed. Capecitabine can be administered, e.g., inthe form as it is marketed, e.g. under the
trademark XELODA. Gemcitabine can be administered, e.g., inthe form asit is marketed, e.g.
under the trademark GEMZAR.

[00135] The term "platin compound” asused herein includes, but is not limited to,
carboplatin, cis-platin, cisplatinum and oxaliplatin. Carboplatin can be administered, e.g., inthe
form asit is marketed, e.g. under the trademark CARBOPLAT. Oxaliplatin can be administered,
e.g., inthe form asit is marketed, e.g. under the trademark ELOXATIN.

[00136] The term "compounds targeting/decreasing aprotein or lipid kinase activity";

or a"protein or lipid phosphatase activity"; or "further anti-angiogenic compounds" as used
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herein includes, but isnot limited to, protein tyrosine kinase and/or serine and/or threonine kinase
inhibitors or lipid kinase inhibitors, for example:

[00137] a) compounds targeting, decreasing or inhibiting the activity of the platelet-
derived growth factor-receptors (PDGFR), such as compounds which target, decrease or inhibit
the activity of PDGFR, especially compounds which inhibit the PDGF receptor, e.g. a N-phenyl-
2-pyrimidine-amine derivative, e.g. imatinib, SU101, SU6668 and GFB-1 11;

[00138] b) compounds targeting, decreasing or inhibiting the activity of the fibroblast
growth factor-receptors (FGFR);

[00139] €) compounds targeting, decreasing or inhibiting the activity of the insulin-like
growth factor receptor | (IGF-IR), such as compounds which target, decrease or inhibit the
activity of IGF-IR, especialy compounds which inhibit the kinase activity of IGF-I receptor, such
as those compounds disclosed in WO 02/092599, or antibodies that target the extracellular
domain of IGF-I receptor or its growth factors;

[00140] d) compounds targeting, decreasing or inhibiting the activity of the Trk
receptor tyrosine kinase family, or ephrin B4 inhibitors;

[00141] €) compounds targeting, decreasing or inhibiting the activity of the Axl
receptor tyrosine kinase family;

[00142] f) compounds targeting, decreasing or inhibiting the activity of the Ret
receptor tyrosine kinase;

[00143] g) compounds targeting, decreasing or inhibiting the activity of the Kit/SCFR
receptor tyrosine kinase, i.e C-kit receptor tyrosine kinases - (part of the PDGFR family), such as
compounds which target, decrease or inhibit the activity of the c-Kit receptor tyrosine kinase
family, especially compounds which inhibit the c-Kit receptor, e.g. imatinib;

[00144] h) compounds targeting, decreasing or inhibiting the activity of members of
the c-Abl family, their gene-fusion products (e.g. BCR-Abl kinase) and mutants, such as com-
pounds which target decrease or inhibit the activity of c-Abl family members and their gene
fusion products, e.g. aN-phenyl-2-pyrimidine-amine derivative, e.g. imatinib or nilotinib
(AMN2107); PD180970; AG957; NSC 680410; PD173955 from ParkeDavis, or dasatinib (BMS-
354825)
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[00145] i) compounds targeting, decreasing or inhibiting the activity of members of the
protein kinase C (PKC) and Raf family of serine/threonine kinases, members of the MEK, SRC,
JAK, FAK, PDK1, PKB/Akt, and RassMAPK family members, and/or members of the eyelin-
dependent kinase family (CDK) and are especially those staurosporine derivatives disclosed inUS
5,093,330, e.g. midostaurin; examples of further compounds include e.g. UCN-01, safingol, BAY
43-9006, Bryostatin 1, Perifosine; IImofosine; RO 318220 and RO 320432; GO 6976; Isis 3521;
LY 333531/LY 379196; isochinoline compounds such as those disclosed in WO 00/09495; FTls;
BEZ235 (aP13K inhibitor) or AT7519 (CDK inhibitor);

[00146] j) compounds targeting, decreasing or inhibiting the activity of protein-tyrosine
kinase inhibitors, such as compounds which target, decrease or inhibit the activity of protein-
tyrosine kinase inhibitors include imatinib mesylate (GLEEVEC) or tyrphostin. A tyrphostin is
preferably alow molecular weight (Mr < 1500) compound, or apharmaceutically acceptable salt
thereof, especially acompound selected from the benzylidenemalonitrile class or the S-
arylbenzenemalonirile or bisubstrate quinoline class of compounds, more especially any
compound selected from the group consisting of Tyrphostin A23/RG-50810; AG 99; Tyrphostin
AG 213; Tyrphostin AG 1748; Tyrphostin AG 490; Tyrphostin B44; Tyrphostin B44 (+)
enantiomer; Tyrphostin AG 555; AG 494; Tyrphostin AG 556, AG957 and adaphostin (4-{[(2,5-
dihydroxyphenyl)methyl] amino} -benzoic acid adamantyl ester; NSC 680410, adaphostin);
[00147] k) compounds targeting, decreasing or inhibiting the activity of the epidermal
growth factor family of receptor tyrosine kinases (EGFR, ErbB2, ErbB3, ErbB4 as homo- or
heterodimers) and their mutants, such as compounds which target, decrease or inhibit the activity
of the epidermal growth factor receptor family are especially compounds, proteins or antibodies
which inhibit members of the EGF receptor tyrosine kinase family, e.g. EGF receptor, ErbB2,
ErbB3 and ErbB4 or bind to EGF or EGF related ligands, and are in particular those compounds,
proteins or monoclonal antibodies generically and specifically disclosed in WO 97/02266, e.g. the
compound of ex. 39, or in EP 0 564 409, WO 99/03854, EP 0520722, EP 0 566 226, EP 0 787
722, EP 0 837 063, US 5,747,498, WO 98/10767, WO 97/30034, WO 97/49688, WO 97/38983
and, especially, WO 96/30347 (e.g. compound known as CP 358774), WO 96/33980 (e.g.
compound ZD 1839) and WO 95/03283 (e.g. compound ZM105180); e.g. trastuzumab
(Herceptin™), cetuximab (Erbitux™), Iressa, Tarceva, OSI-774, CI-1033, EKB-569, GW-2016,
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Ell, E2.4, E2.5, E6.2, E6.4, E2.1 1, E6.3 or E7.6.3, and 7H-pyrrolo-[2,3-d]pyrimidine derivatives
which are disclosed in WO 03/013541; and

[00148] 1 compounds targeting, decreasing or inhibiting the activity of the c-Met
receptor, such as compounds which target, decrease or inhibit the activity of c-Met, especially
compounds which inhibit the kinase activity of c-Met receptor, or antibodies that target the
extracellular domain of c-Met or bind to HGF.

[00149] Further anti-angiogenic compounds include compounds having another
mechanism for their activity, e.g. unrelated to protein or lipid kinase inhibition e.g. thalidomide
(THALOMID) and TNP-470.

[00150] Compounds which target, decrease or inhibit the activity of aprotein or lipid
phosphatase are e.g. inhibitors of phosphatase 1, phosphatase 2A, or CDC25, e.g. okadaic acid or
aderivative thereof.

[00151] Compounds which induce cell differentiation processes are e.g. retinoic acid,
a- y- or &-tocopherol or a-y- or &-tocotrienol.

[00152] The term cyclooxygenase inhibitor asused herein includes, but is not limited
to, e.g. Cox-2 inhibitors, 5-alkyl substituted 2-arylaminophenylacetic acid and derivatives, such
as celecoxib (CELEBREX), rofecoxib (VIOXX), etoricoxib, valdecoxib or a 5-akyl-2-
arylaminophenylacetic acid, e.g. 5-methyl-2-(2'-chloro-6'-fluoroanilino)phenyl acetic acid,
[umiracoxib.

[00153] The term "bisphosphonates® as used herein includes, but is not limited to,
etridonic, clodronic, tiludronic, pamidronic, aendronic, ibandronic, risedronic and zoledronic
acid. "Etridonic acid" can be administered, e.g., in the form as it is marketed, e.g. under the
trademark DIDRONEL. "Clodronic acid" can be administered, e.g., inthe form as it is marketed,
e.g. under the trademark BONEFOS. "Tiludronic acid" can be administered, e.g., in the form asit
is marketed, e.g. under the trademark SKELID. "Pamidronic acid" can be administered, eg. in
the form as it ismarketed, e.g. under the trademark AREDIA™. "Alendronic acid" can be
administered, e.g., inthe form asit is marketed, e.g. under the trademark FOSAMAX.
"Ibandronic acid" can be administered, e.g., in the form as it ismarketed, e.g. under the trademark

BONDRANAT. "Risedronic acid" can be administered, e.g., in the form as it is marketed, e.g.
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under the trademark ACTONEL. "Zoledronic acid" can be administered, e.g. inthe form asit is
marketed, e.g. under the trademark ZOMETA.

[00154] The term "mTOR inhibitors" relates to compounds which inhibit the
mammalian target of rapamycin (MTOR) and which possess antiproliferative activity such as
sirolimus (Rapamune®), everolimus (Certican™), CCI-779 and ABT578.

[00155] The term "heparanase inhibitor" asused herein refers to compounds which
target, decrease or inhibit heparin sulfate degradation. The term includes, but is not limited to,
P1-88.

[00156] Theterm " biological response modifier" asused herein refers to alymphokine
or interferons, e.g. interferon y.

[00157] The term "inhibitor of Ras oncogenic isoforms’, e.g. H-Ras, K-Ras, or N-Ras,
as used herein refers to compounds which target, decrease or inhibit the oncogenic activity of Ras
e.g. a"farnesyl transferase inhibitor" e.g. L-744832, DK8G557 or RI 15777 (Zarnestra).

[00158] The term "telomerase inhibitor" as used herein refers to compounds which
target, decrease or inhibit the activity of telomerase. Compounds which target, decrease or inhibit
the activity of telomerase are especially compounds which inhibit the telomerase receptor, e.g.
telomestatin.

[00159] The term "methionine aminopeptidase inhibitor" asused herein refersto
compounds which target, decrease or inhibit the activity of methionine aminopeptidase.
Compounds which target, decrease or inhibit the activity of methionine aminopeptidase are e.g.
bengamide or a derivative thereof.

[00160] The term "proteasome inhibitor" as used herein refers to compounds which
target, decrease or inhibit the activity of the proteasome. Compounds which target, decrease or
inhibit the activity of the proteasome include e.g. Bortezomid (Velcade™)and MLN 341.

[00161] The term "matrix metalloproteinase inhibitor" or ("MMP" inhibitor) as used
herein includes, but is not limited to, collagen peptidomimetic and nonpeptidomimetic inhibitors,
tetracycline derivatives, e.g. hydroxamate peptidomimetic inhibitor batimastat and its orally
bioavailable analogue marimastat (BB-2516), prinomastat (AG3340), metastat (NSC 683551)
BMS-279251, BAY 12-9566, TAA211, MMI270B or AAJ996.
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[00162] The term "compounds used in the treatment of hematologic malignancies’ as
used herein includes, but is not limited to, FMS-like tyrosine kinase inhibitors e.g. compounds
targeting, decreasing or inhibiting the activity of FMS-like tyrosine kinase receptors (FIt-3R);
interferon, 1-b-D-arabinofuransylcytosine (ara-c) and bisulfan; and ALK inhibitors e.g.
compounds which target, decrease or inhibit anaplastic lymphoma kinase.

[00163] Compounds which target, decrease or inhibit the activity of FMS-like tyrosine
kinase receptors (FIt-3R) are especialy compounds, proteins or antibodies which inhibit members
of the FIt-3R receptor kinase family, e.g. PKC412, TKI258, midostaurin, a staurosporine
derivative, SU1 1248 and MLN518.

[00164] The term "HSP0 inhibitors" as used herein includes, but is not limited to,
compounds targeting, decreasing or inhibiting the intrinsic ATPase activity of HSP90; degrading,
targeting, decreasing or inhibiting the HSP9O0 client proteins via the ubiquitin proteosome
pathway. Compounds targeting, decreasing or inhibiting the intrinsic ATPase activity of HSP90
are especially compounds, proteins or antibodies which inhibit the ATPase activity of HSP90 e.g.,
17-allylamino,17-demethoxygeldanamycin (17AAG), a geldanamycin derivative; other
geldanamycin related compounds; radicicol and HDAC inhibitors. An example HSP9O0 inhibitor
isAUY922.

[00165] The term "antiproliferative antibodies® as used herein includes, but is not
limited to, trastuzumab (Herceptin™), Trastuzumab-DMI,erbitux, bevacizumab (Avastin™),
rituximab (Rituxan®), PR064553 (anti-CD40), 2C4 Antibody and HCD122 antibody (anti-
CDA40). By antibodies is meant e.g. intact monoclonal antibodies, polyclonal antibodies, multispe-
cific antibodies formed from at least 2 intact antibodies, and antibodies fragments so long as they
exhibit the desired biological activity.

[00166] For the treatment of acute myeloid leukemia (AML), compounds of formula (1)
can beused in combination with standard leukemia therapies, especially in combination with
therapies used for the treatment of AML. In particular, compounds of formula (I) can be
administered in combination with, e.g., farnesyl transferase inhibitors and/or other drugs useful
for the treatment of AML, such as Daunorubicin, Adriamycin, Ara-C, VP- 16, Teniposide,
Mitoxantrone, Idarubicin, Carboplatinum and PKC412.
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[00167] The term "antileukemic compounds' includes, for example, Ara-C, a
pyrimidine analog, which isthe 2'-alpha-hydroxy ribose (arabinoside) derivative of
deoxycytidine. Also included isthe purine analog of hypoxanthine, 6-mercaptopurine (6-MP) and
fludarabine phosphate.

[00168] Compounds which target, decrease or inhibit activity of histone deacetylase
(HDAC) inhibitors such as sodium butyrate and suberoylanilide hydroxamic acid (SAHA) inhibit
the activity of the enzymes known as histone deacetylases. Specific HDAC inhibitors include
MS275, SAHA, FK228 (formerly FR901228), Trichostatin A and compounds disclosed in

U S 6,552,065, in particular, N-hydroxy-3-[4-[[[2-(2-methyl-] H-indol-3-yl)-ethyl]-amino]-
methyl]phenyl]-2£'-2-propenamide, or apharmaceutically acceptable salt thereof and N-hydroxy-
3-[4-[(2-hydroxyethyl) {2-(] H-indol-3-yl)ethyl]-amino]methyl]phenyl]-2£'-2-propenamide, or a
pharmaceutically acceptable salt thereof, especially the lactate salt.

[00169] Somatostatin receptor antagonists as used herein refers to compounds which
target, treat or inhibit the somatostatin receptor such as octreotide, and SOM 230 (pasireotide).
[00170] Tumor cell damaging approaches refer to approaches such asionizing
radiation. The term "ionizing radiation” referred to above and hereinafter means ionizing radiation
that occurs as either electromagnetic rays (such as X-rays and gammar rays) or particles (such as
alpha and beta particles). lonizing radiation isprovided in, but not limited to, radiation therapy
and isknown inthe art. See Hellman, Principles of Radiation Therapy, Cancer, in Principles and
Practice d Oncology, Devita ¢ a., Eds., 4" Edition, Vol. 1, pp. 248-275 (1993).

[00171] The term "EDG binders' as used herein refers a class of immunosuppressants
that modulates lymphocyte recirculation, such as FTY 720.

[00172] The term "ribonucleotide reductase inhibitors" refers to pyrimidine or purine
nucleoside analogs including, but not limited to, fludarabine and/or cytosine arabinoside (ara-C),
6-thioguanine, 5-fluorouracil, cladribine, 6-mercaptopurine (especially in combination with ara-C
against ALL) and/or pentostatin. Ribonucleotide reductase inhibitors are especially hydroxyurea
or 2-hydroxy-l H-isoindole-l,3-dione derivatives, such as PL-1, PL-2, PL-3, PL-4, PL-5, PL-6,
PL-7 or PL-8 mentioned in Nandy et al., Acta Oncologica, Vol. 33, No. 8, pp. 953-961 (1994).
[00173] The term " S-adenosylmethionine decarboxylase inhibitors’ as used herein
includes, but is not limited to the compounds disclosed in US 5,461,076.
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[00174] Also included are in particular those compounds, proteins or monoclonal
antibodies of VEGF disclosed in WO 98/35958, e.g. I-(4-chloroanilino)-4-(4-
pyridylmethyl)phthalazine or apharmaceutically acceptable salt thereof, e.g. the succinate, or in
WO 00/09495, WO 00/27820, WO 00/59509, WO 98/1 1223, WO 00/27819 and EP 0 769 947,
those as described by Prewett et al, Cancer Res, Vol. 59, pp. 5209-5218 (1999); Yuan et a.,
Proc Natl Acad Sci USA, Vol. 93, pp. 14765-14770 (1996); Zhu et a., Cancer Res, Vol. 58, pp.
3209-3214 (1998); and Mordenti et a., Toxicol Pathol, Vol. 27, No. 1, pp. 14-21 (1999); in WO
00/37502 and WO 94/10202; ANGIO STATIN, described by O'Reilly et a., Cell, Vol. 79, pp.
315-328 (1994); ENDOSTATIN, described by O'Reilly et al., Cell, Vol. 88, pp. 277-285 (1997);
anthranilic acid amides; ZD4190; ZD6474; SU5416; SU6668; bevacizumab; or anti-VEGF
antibodies or anti-VEGF receptor antibodies, e.g. rhuMAb and RHUFab, VEGF aptamer e.g.
Macugon; FLT-4 inhibitors, FLT-3 inhibitors, VEGFR-2 1gGl antibody, Angiozyme (RPI 4610)
and Bevacizumab (Avastin™).

[00175] Photodynamic therapy asused herein refers to therapy which uses certain
chemicals known as photosensitizing compounds to treat or prevent cancers. Examples of
photodynamic therapy includes treatment with compounds, such ase.g. VISUDYNE and porfimer
sodium.

[00176] Angiostatic steroids as used herein refers to compounds which block or inhibit
angiogenesis, such as, e.g., anecortave, triamcinolone. hydrocortisone, 11-a-epihydrocotisol,
cortexolone, 17a-hydroxyprogesterone, corticosterone, desoxycorticosterone, testosterone,
estrone and dexamethasone.

[00177] Implants containing corticosteroids refers to compounds, such as e.g.
fluocinolone, dexamethasone.

[00178] "Other chemotherapeutic compounds' include, but are not limited to, plant
alkaloids, hormonal compounds and antagonists; biological response modifiers, preferably
lymphokines or interferons, antisense oligonucleotides or oligonucleotide derivatives, shRNA or
SIRNA; or miscellaneous compounds or compounds with other or unknown mechanism of action.
[00179] The structure of the active compounds identified by code nos., generic or trade
names may betaken from the actual edition of the standard compendium "The Merck Index" or

from databases, e.g. Patents International (e.g. IMS World Publications).
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[00180] None of the quotations of references made within the present disclosureisto be
understood as an admission that the references cited are prior art that would negatively affect the

patentability of the present invention.

Processes for Making Compounds of the Invention

[00181] The present invention also includes processes for the preparation of
compounds of the invention. In the reactions described, it can be necessary to protect reactive
functional groups, for example hydroxy, amino, imino, thio or carboxy groups, where these
are desired in the final product, to avoid their unwanted participation in the reactions.
Conventional protecting groups can be used in accordance with standard practice, for
example, see T.W. Greene and P. G. M. Wuts in "Protective Groups in Organic Chemistry",
John Wiley and Sons, 1991.

[00182] Compounds of Formula I, in which R;islinked to the phenyl ring via a

nitrogen atom, can be prepared by proceeding asin the following Reaction Scheme | :

Reaction Scheme I :

0] /\/\ R4 N
R1 N\I R3" / \ LF
_N
/ \N N O
N~ O
N
N
Rz
Br R4

(4)

R;

[00183] inwhich R,, R, and r 4 are as defined for Formula | in the Summary of the
Invention. R;" isdefined as R;in the summary of the invention wherein L is selected from -
NHC(0)Xi-, andthe like. A compound of Formula | can be prepared by reacting a
compound of (4) with R;" optionaly in the presence of asuitable catalyst and ligand (such as
Cul and L-proline, tris(dibenzylideneacetone)-dipalladium and zanthphos, and the like), a

suitable base (such as potassium carbonate, cesium carbonate and the like), and a suitable
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solvent (such as dioxane, DMSO, and the like). The reaction takes place at about 110°C and
can take up to about 12 hours to complete. For reaction scheme I, the positions of R, and Br
on the phenyl ring of compound 4 are interchangeable.

[00184] Detailed examples of the synthesis of compounds of Formula | can be found

in the Examples, infra.

Additional Processes for Making Compounds of the Invention

[00185] A compound of the invention can be prepared as a pharmaceutically
acceptable acid addition salt by reacting the free base form of the compound with a
pharmaceutically acceptable inorganic or organic acid. Alternatively, apharmaceutically
acceptable base addition salt of a compound of the invention can be prepared by reacting the
free acid form of the compound with apharmaceutically acceptable inorganic or organic base.
[00186] Compounds of the formulal can also be modified by appending appropriate
functionalities to enhance selective biological properties. Modifications of this kind are known in
the art and include those that increase penetration into a given biological system (e.g. blood,
lymphatic system, central nervous system, testis), increase bioavailability, increase solubility to
allow parenteral administration (e.g. injection, infusion), alter metabolism and/or alter the rate of
secretion. Examples of this type of modifications include but are not limited to esterification, e.g.
with polyethylene glycols, derivatisation with pivaloyloxy or fatty acid substituents, conversion to
carbamates, hydroxylation of aromatic rings and heteroatom substitution in aromatic rings.
Whereever compounds of the formulal, and/or N-oxides, tautomers and/or (preferably
pharmaceutically acceptable) salts thereof are mentioned, this comprises such modified formulae,
while preferably the molecules of the formulal, their N-oxides, their tautomers and/or their salts
are meant.

[00187] Alternatively, the salt forms of the compounds of the invention can be
prepared using salts of the starting materials or intermediates. In view of the close relationship
between the novel compounds of the formulal in free form and those in the form of their salts,
including those salts that can be used as intermediates, for example in the purification or
identification of the novel compounds, any reference to the compounds or a compound of the

formulal hereinbefore and hereinafter isto beunderstood as referring to the compound in free
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form and/or also to one or more salts thereof, as appropriate and expedient, aswell asto one or
more solvates, e.g. hydrates.

[00188] Sdlts are formed, for example, as acid addition salts, preferably with organic or
inorganic acids, from compounds of formula | with abasic nitrogen atom, especially the pharma-
ceutically acceptable salts. Suitable inorganic acids are, for example, halogen acids, such ashy-
drochloric acid, sulfuric acid, or phosphoric acid. Suitable organic acids are, for example,
carboxylic, phosphonic, sulfonic or sulfamic acids, for example acetic acid, propionic acid,
octanoic acid, decanoic acid, dodecanoic acid, glycolic acid, lactic acid, fumaric acid, succinic
acid, malonic acid, adipic acid, pimelic acid, suberic acid, azelaic acid, malic acid, tartaric acid,
citric acid, amino acids, such as glutamic acid or aspartic acid, maleic acid, hydroxymaleic acid,
methylmaleic acid, cyclohexanecarboxylic acid, adamantanecarboxylic acid, benzoic acid,
salicylic acid, 4-aminosalicylic acid, phthalic acid, phenylacetic acid, mandelic acid, cinnamic
acid, methane- or ethane-sulfonic acid, 2-hydroxyethanesulfonic acid, ethane- 1,2-disulfonic acid,
benzenesulfonic acid, 4-toluenesulfonic acid, 2-naphthalenesulfonic acid, 1,5-naphthalene-
disulfonic acid, 2- or 3-methylbenzenesulfonic acid, methylsulfuric acid, ethylsulfuric acid,
dodecylsulfuric acid, N-cyclohexylsulfamic acid, N-methyl-, N-ethyl- or N-propyl-sulfamic acid,
or other organic protonic acids, such as ascorbic acid.

[00189] For isolation or purification purposes it is aso possible to use pharmaceutically
unacceptable salts, for example picrates or perchlorates. For therapeutic use, only
pharmaceutically acceptable salts or free compounds are employed (where applicable in the form
of pharmaceutical preparations), and these are therefore preferred.

[00190] The free acid or free base forms of the compounds of the invention can be
prepared from the corresponding base addition salt or acid addition salt from, respectively.
For example acompound of the invention in an acid addition salt form can be converted to
the corresponding free base by treating with a suitable base (e.g., ammonium hydroxide
solution, sodium hydroxide, and the like). A compound of the invention in abase addition
salt form can be converted to the corresponding free acid by treating with a suitable acid (e.g.,
hydrochloric acid, etc.).

[00191] Compounds of the invention in unoxidized form can be prepared from N-

oxides of compounds of the invention by treating with areducing agent (e.g., sulfur, sulfur
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dioxide, triphenyl phosphine, lithium borohydride, sodium borohydride, phosphorus
trichloride, tribromide, or the like) in a suitable inert organic solvent (e.g. acetonitrile,
ethanol, agueous dioxane, or the like) at 0 to 80°C.

[00192] Prodrug derivatives of the compounds of the invention can be prepared by
methods known to those of ordinary skill inthe art (e.g., for further details see Saulnier et al.,
(1994), Bioorganic and 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).

[00193] 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", 39 edition, John Wiley and Sons, Inc.,
1999.

[00194] Compounds of the present invention can be conveniently prepared, or
formed during the process of the invention, as solvates (e.g., hydrates). Hydrates of
compounds of the present invention can be conveniently prepared by recrystallization from an
agueous/organic solvent mixture, using organic solvents such as dioxin, tetrahydrofuran or
methanol.

[00195] Compounds of the invention can be prepared astheir individual
stereoisomers by reacting aracemic mixture of the compound with an optically active
resolving agent to form apair of diastereoisomeric compounds, separating the diastereomers
and recovering the optically pure enantiomers. While resolution of enantiomers can be
carried out using covalent diastereomeric derivatives of the compounds of the invention,
dissociable complexes are preferred (e.g., crystalline diastereomeric salts). Diastereomers
have distinct physical properties (e.g., melting points, boiling points, solubilities, reactivity,
etc.) and can bereadily separated by taking advantage of these dissimilarities. The
diastereomers can be separated by chromatography, or preferably, by separation/resolution
techniques based upon differences in solubility. The optically pure enantiomer isthen

recovered, along with the resolving agent, by any practical means that would not result in
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racemization. A more detailed description of the techniques applicable to the resolution of
stereoisomers of compounds from their racemic mixture can be found in Jean Jacques, Andre
Collet, Samuel H. Wilen, "Enantiomers, Racemates and Resolutions®, John Wiley And Sons,
Inc., 1981.
[00196] In summary, the compounds of Formula | can be made by a process, which
involves:

(@) those of reaction schemes I ; and

(b) optionally converting a compound of the invention into a
pharmaceutically acceptable salt;

(c) optionally converting a salt form of acompound of the invention to a
non-salt form;

(d) optionally converting an unoxidized form of a compound of the
invention into a pharmaceutically acceptable N-oxide;

(e) optionally converting an N-oxide form of a compound of the invention
to its unoxidized form;

(f) optionaly resolving an individual isomer of acompound of the
invention from amixture of isomers;

(g) optionaly converting anon-derivatized compound of the invention into
apharmaceutically acceptable prodrug derivative; and

(h) optionally converting aprodrug derivative of acompound of the
invention to its non-derivatized form.
[00197] Insofar as the production of the starting materials is not particularly described,
the compounds are known or can be prepared analogously to methods knowninthe art or as
disclosed in the Examples hereinafter.
[00198] One of skill inthe 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.
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Examples

[00199] The following intermediates and examples serve to illustrate the invention
without limiting the scope thereof. The following abbreviations and methods are used in the

descriptions of the examples:

Abreviations:

[00200] ag. (agueous); AcOH (acetic acid); DCM (dichloromethane); DIPEA
(diisopropylethylamine); DME (1,2-dimethoxyethane); DM SO (dimethylsulfoxide); EDC (I-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride); eq (equivaent(s)); Et;N
(triethylamine); EtOAc (ethyl acetate); EtOH (ethanol); h (hour(s)); HOBLt (1-hydroxy -
benzotriazole); MeOH (methanol); min (minute(s)); M S (mass spectrometry); N (normality);
NMR (nuclear magnetic resonance spectrometry); Rf (retention factor); RT (room temperature);
TBDMS (tertiary butyl dimethyl silyl); THF (tetrahydrofuran); and TLC (thin layer
chromatography) .

HPLC Conditions:

[00201] Method A: Column: Inertsil ODS3V (250 X 4.6) mm, 5uin; Mobile phase:
A:0.01M KH,P0,/0.01M KH,PO , pH adjusted to 6.5; B: ACN; Gradient Information: (T/%B):
0/30, 2/30, 6/85, 16/85, 17/30, 18/30); Flow Rate: 1.Oml/min; Detection by UV at: 210.0 nm.
[00202] Method B: Column: Inertsil ODS3V (250 X 4.6) mm, 5uin; Mobile phase:
A:0.01M KH,P0,/0.01M KH,PO , pH adjusted to 6.5; B: ACN; Gradient Information: (T/%B):
0/30, 2/30, 6/80, 13/80, 14/30, 15/30); Flow Rate: 1.Oml/min; Detection by UV at: 210.0 nm.
[00203] Method C: Column: XTerra RP18 (250 X 4.6) mm, 5uin; Mobile phase: A :
0.01M KH,P0 ,/0.01M KH,PO , pH adjusted to 6.5; B: ACN; Gradient Information: (T/%B):
0/30, 2/30, 6/85, 16/85, 17/30, 18/30); Flow Rate: 1.Oml/min; Detection by UV at: 210.0 nm.
[00204] Method D: Column: XTerra RP18 (250 X 4.6) mm, 5uin; Mobile phase: A :
0.01M KH,P0 ,/0.01M KH,PO , pH adjusted to 6.5; B: ACN; Gradient Information: (T/%B):
0/30, 2/30,6/80,13/80,14/30,15/30); Flow Rate: 1.Oml/min; Detection by UV at: 210.0 nm.
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[00205] Method E: Column: Hypersil BDS C18 (250 X 4.6) mm, 5uin; Mobile
phase: A: 0.01M KH,P0,/0.01M KH,P0 , pH adjusted to 6.5; B: ACN; Gradient Information:
(T/%B): 0/30, 15/50,18/90,28/90,28.10/30); Flow Rate: 0.8ml/min; Detection by UV at: 260.0
nm.

[00206] Method F: Column: Hypersil BDS CI8 (250 X 4.6) mm, 5uin; Mobile
phase: A:0.01M ammonium acetate; B: ACN; Gradient Information: (T/%B): 0/30,
15/50,18/90,28/90,28.10/30); Flow Rate: 0.8ml/min; Detection by UV at: 260.0 nm.

[00207] Method G: Column: XTerra RP18 (250 X 4.0) mm, 5uin; Mobile phase: A :
0.01IM KH2P04 (pH 6.5); B: ACN; Gradient Information: (T/%B): 0/30, 2/30, 6/80, 13/80, 14/30,
15/30; Flow Rate: 1.Oml/min; Detection by UV at: 210.0 nm.

[00208] Method H: Column: Inertsii ODS3V (250 X 4.6) mm, 5un; Mobile phase:
A:0.01IM KH2P04 (pH adjusted to 6.5); B: ACN; Gradient Information: (T/%B): 0/70, 1.5/70,
5/85, 13/85, 14/70, 15/70; Flow Rate: 1.Oml/min; Detection by UV at: 210.0 nm.

[00209] Method I: Column: XTerra RP18 (250 X 4.6) mm, 5un; Mobile phase: A:
0.01M KH2P04; B:ACN; Gradient Information: (T/%B): 0/30, 2/30, 6/80, 16/80, 17/30, 18/30;
Flow Rate: 1.Oml/min; Detection by UV at: 210.0 nm.

[00210] Method J: Column: ACE5 C18 (250 X 4.6) mm, 5un; Mobile phase: A:
0.01M KH2P04; B:ACN; Gradient Information: (T/%B): 0/30, 2/30, 6/85, 16/85, 17/30, 18/30;
Flow Rate: 1.Oml/min; Detection by UV at: 210.0 nm.

[00211] Method K : Column: Inertsii ODS3V ; Mobile phase: A: 0.01IM KH2P04; B:
ACN; Gradient Information: (T/%B): 0/50, 1.5/50, 5/80, 13/80, 14/50, 15/50; Flow Rate:
[.Oml/min; Detection by UV at: 210.0 nm.

[00212] Method L: Column: XTerra RP 18 (250 X 4.6) mm, 5un; Mobile phase: A :
0.01M KH2P04 (pH 6.5); B: ACN; Gradient Information: (T/%B): 0/50, 2/50, 9/85, 16/85, 17/50,
18/50; Flow Rate: 1.Oml/min; Detection by UV at: 210.0 nm.

[00213] Method M : Column: Symmetry Shield RP18 (150 mm x 4.6mm), 5uin;
Mobile phase: A:0.01% TFA (ag.); B: ACN; Gradient Information: (T/%B): 0/20, 2/20, 6/85,
13/85, 14/20, 15/20; Flow Rate: |.Oml/min; Detection by UV at: 210.0 nm.
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NMR Spectra:

[00214] 1H NMR spectra were recorded on aVarian 400 MHz (Varian Mercury Plus)
or 500 MHz (Unity INOVA) spectrometers with DMSO-d ; or CDC13 as the solvents. Chemical
shifts were reported in o scale using tetramethylsilane (TMS, d 0.00) asinternal standard and
coupling constants (J) were reported in Hz. The standard abbreviations s, d, t, g, dd, dt and m
were used to symbolize singlet, doublet, triplet, quartet, double doublet, doublet of atriplet and

multiplet respectively.

Mass Spectra:

[00215] The LC-MS and ES-MS spectra were performed on Perkin-EImer Sciex, model
API 3000.

LC-MS Conditions;

[00216] Method A: Regular method in Formic Acid (FA); Column: Cynergi 2.5um
Max-RPIOOA (20 x4.0) mm; Mobile Phase: A: 0.1% FA (ag.); B: ACN; T/%B: 0/20, 0.5/20,
2.5/95, 4.5/95, 5.0/20; Flow: 1.5mL/min.

[00217] Method B: Regular method in Ammonium Acetate (AA); Column: Cynergi
2.5un Max-RPIOOA (20 x 4.0) mm; Mobile Phase: A: 0.01M Ammonium acetate (ag.); B: ACN;
T%B: 0/20, 1.0/20, 2.5/85, 4.0/95, 4.5/20, 5.0/20; Flow: 1.OmL/min.

Intermediate A

(9)-1-(4-amino-2-(3-(hvdroxymethyl)-I,2,3,4-tetrahvdroi soquinoline-2-carbonyl) phenyl)-N,N-

dibutyl-5-methyl-IH-pyrazole-3-carboxamide
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[00218] Step 1: Preparation of 2-hydrazinyl-5-nitrobenzoic acid hydrochloride. To an

ice cooled solution of 2-amino-5-nitrobenzoic acid (50.0 g, 274.5 mmol) in water (350 mL) was
added cone. HCI (404 mL). The reaction mixture was stirred until the salt had precipitated out. A
solution of sodium nitrite (29.0 g, 411.8 mmol) in water (300 mL) was slowly added a 0°C with
stirring for 15 min. This reaction mixture was slowly added to ice-cold sulfurous acid (2.5 L)
followed by stirring at RT for 12 h. The reaction mixture was again cooled to 0°C and cone. HCI
was added unitl solid separates out. The solid was filtered, washed with cold HCI and vacuum
dried to afford the title compound as ayellow colored solid 60 g (93 %), which was used without
further purification. Rf = 0.10 (10 % MeOH in DCM).

[00219] Step 2: Preparation of 2-(3-(ethoxycarbonyl)-5-methyl-IH-pyrazol-I-yl)-5-
nitrobenzoic acid. To asolution of 2-hydrazinyl-5-nitrobenzoic acid hydrochloride (59.4 g, 255.1

mmol) in AcOH (500 mL) was added ethyl-2,4-dioxovalerate (31.0 g, 196.2 mmol). The reaction
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mixture was refluxed for 2h. AcOH was evaporated invacuo and the residue was co-distilled with
toluene (100 mL) twice. The residue was dissolved in EtOAc and washed with water unitl the aq.
layer became neutral. The organic layer was dried over sodium sulphate and concentrated
invacuo. The gummy material was triturated with diethyl ether to afford the title compound as a
white solid 35 g (56 %). Rf = 0.30 (10 % MeOH in DCM); 'H NMR (400 MHz, DMSO-d g): &
13.90 - 13.60 (brs, 1H), 8.62 (d, J = 2.5 Hz, 1H), 854 (dd, J = 2.6 & 85 Hz, 1H), 7.90 (d, J = 8.3
Hz, 1H), 6.76 (s, 1H), 4.27 (q,J = 7.0 Hz, 2H), 2.19 (s, 3H), 1.28 (t,J = 7.1Hz, 3H) ; LC-MS: m/z
320.1 (M+H).

[00220] Step 3: Preparation of (5)-ethyl 1-(2-(3-(hydroxymethyl)-1,2,3,4-

tetrahydroi soquinoline-2-carbonyl)-4-nitrophenyl)-5-methyl-1H-pyrazol e-3-carboxyl ate. Toan
ice cooled solution of 2-(3-(ethoxycarbonyl)-5-methyl-IH-pyrazol-I-yl)-5-nitrobenzoic ~ acid (25.0
g, 78.4 mmol) in DMF (250 mL) were added (5)-(1,2,3,4-tetrahydroisoquinolin-3-yl)methanol

(31.0 g, 62.7 mmol), EDC.HC1 (23.0 g, 117.5 mmol), HOBT (13.75 g, 101.9 mmol) followed by
stirring a RT for 12h. The reaction mixture was diluted with water, extracted with EtOAc (500
mL X 2) twice. The combined organic layers were washed with water (500 mL), brine (100 mL),
dried over sodium sulphate and concentrated invacuo. The residue was purified on silica gel
(100-200 mesh) to afford the off white' title compound 18 g (49 %). Rf = 0.45 (25 % EtOAc in
hexane); '"H NMR (400 MHz, DMSO-dy): 6 8.70 - 8.35 (m, 2H), 8.15- 7.98 (m, 1H), 7.25 - 6.95
(m, 4H), 6.82 - 6.58 (M, 1H), 5.20 - 3.80 (m, 8H), 3.40 - 2.40 (m, 2H), 2.38 - 2.10 (m, 3H), 1.30
- 0.80 (M, 3H); ES-MS: m/z 465.3 (M+H).

[00221] Step 4: Preparation of (5)-1-(2-(3-(hydroxymethyl)-1,2,3,4-

tetrahydroi soquinoline-2-carbonyl)-4-nitrophenyl)-5-methyl-IH-pyrazole-3-carboxylic ~ acid. Toa
solution of (5)-ethyl 1-(2-(3-(hydroxymethyl)-1,2,3,4-tetrahydroisoquinoline-2-carbonyl)-4-
nitrophenyl)-5-methyl-IH-pyrazole-3-carboxylate  (18.0 g, 38.8 mmol) in THF(30 mL) and water
(20 mL) was added lithium hydroxide monohydrate (5.0 g, 116.8 mmol) followed by stirring a
RT for 6h. The reaction mixture was concentrated invacuo, diluted with water (80 mL) and
extracted with diethyl ether (100 mL). The ag. layer was cooled to 0 °C, acidified uptopH ~ 4
using 3N HC1 and extracted with EtOAc (200 mL X 2) twice. The combined organic layers were
washed with water (200 mL), brine (100 mL), dried over sodium sulphate and concentrated

invacuo. The residue was purified on silica gel (100-200 mesh) to afford the title compound as a
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white colored solid 14 g (82 %). Rf = 0.25 (70 % EtOAc in hexane); 'H NMR (400 MHz, DMSO-
dg): & 12.90- 1250 (brs, 1H), 8.64 - 8.30 (m, 2H), 8.06 - 7.72 (m, 1H), 7.24 - 6.82 (M, 4H), 6.80
- 6.42 (m, 1H), 5.20 - 3.80 (m, 6H), 3.40 - 2.40 (m, 2H), 2.40 - 2.10 (m, 3H) ; ESMS: m/z
437.2 (M+H).

[00222] Step 5: Preparation of (5)-N,N-dibutyl-I-(2-(3-(hydroxymethyl)-1,2,3,4-
tetrahydroi soquinoline-2-carbonyl)-4-nitrophenyl)-5-methyl-IH-pyrazol e-3-carboxamide. Toa
solution of (9- 1-(2-(3-(hydroxymethyl)- 1,2,3,4-tetrahydroisoquinoline-2-carbonyl)-4-
nitrophenyl)-5-methyl-IH-pyrazole-3-carboxylic  acid (14.0 g, 32.1 mmol) in DMF (150 mL)
were added dibutylamine (8.6 mL, 48.2 mmol), EDC.HC1 (9.2 g, 48.2 mmol), HOBT (5.63 g,
41.7 mmol) followed by stirring a RT for 12h. The reaction mixture was diluted with water and
extracted with EtOAc (300 mL X 2) twice. The combined organic layers were washed with water
(300 mL), brine (100 mL), dried over sodium sulphate and concentrated invacuo. The residue
was purified on silica gel (100-200 mesh) to afford the title compound as and 'off white' solid 9 g
(51 %). Rf = 0.47 (25 % EtOAc in hexane); % NMR (400 MHz, DMSO-d): 6 8.62 - 8.22 (m,
2H), 8.00 - 7.80 (m, 1H), 7.30 - 6.84 (m, 4H), 6.60 - 6.35 (m, 1H), 5.20 - 3.80 (m, 3H), 3.79 -
2.40 (m, 9H), 2.38 - 2.20 (m, 3H), 1.60 - 0.50 (M, 14H); LC-MS: m/z 548.0 (M+H).

[00223] Step 6: Preparation of (S)-1-(4-amino-2-(3-(hydroxymethyl)-1,2,3,4-

tetrahydroi soquinoline-2-carbonyl)phenyl)-N,N-dibutyl-5-methyl-IH-pyrazol e-3-carboxamide.

To asolution of (5)-N,N-dibutyl-I-(2-(3-(hydroxymethyl)-1,2,3,4-tetrahydroi soquinoline-2-
carbonyl)-4-nitrophenyl)-5-methyl-IH-pyrazole-3-carboxamide (1.1 g, 2.0 mmol) in EtOH (10
mL) was added 10% Pd-C (0.04 g) followed by stirring under H., balloon pressure & RT for 5h.
The reaction mixture was filtered through celite, the bed was washed with EtOH (20 mL) and the
filtrate was concentrated invacuo. The residue was purified on silica gel (100-200 mesh) to afford
the title compound as an 'off white' solid 0.8 g (77 %). Rf = 0.33 (40 % EtOAc in hexane); 'H
NMR (400 MHz, DMSO-dg): 5 7.30 - 6.82 (m, 5H), 6.80 - 6.15 (m, 3H), 5.72 - 5.50 (m, 2H,
D,0 exchangeable), 5.20 - 4.78 (m, 1H, D0 exchangeable), 4.90 - 4.00 (m, 2H), 4.00 - 2.22 (m,
9H), 2.20 - 2.00 (m, 3H), 1.60 - 0.60 (m, 14H); LC-MS: m/z 518.3 (M+H); HPLC: 98.64% (RT
= 5.997 min., method B).
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Intermediate B

(5VI-(4-amino-2-(3-(((tert-butyldimem” l1silyl)oxy)methyl)-1,2.3 4-tetrahydroisoquinoline-2-

carbonvnpheny!)-N,N-dibutyl-5-methyl-IH-pyrazol e-3-carboxamide

/ ! \—/_ /(_eL /" 1owpdc /T
TBDMSCI . EOH, H_
Imldazole
@*N ool @*p@
NO, OH NO, OTBS NH, OTBS
[00224] Step 1: Preparation of (S)-N,N-dibutyl- 1-(2-(3-(((tert-butyldimethylsilyl)-

oxy)methyl)-1,2,3,4-tetrahydroisoquinoline-2-carbonyl)-4-nitrophenyl)-5-methyl-IH-pyrazole-3-
carboxamide. To asolution of (5)-N,N-dibutyl-I-(2-(3-(hydroxymethyl)-1,2,3,4-

tetrahydroi soquinoline-2-carbonyl)-4-nitrophenyl)-5-methyl-1H-pyrazole-3-carboxamide (9.0 g,
16.4 mmol) in DCM (150 mL) were added TBDMS-chloride (2.98 g, 19.7 mmoal), imidazole
(2.23 g, 32.9 mmol) followed by stirring a RT for 12h. The reaction mixture was diluted with
water and extracted with EtOAc (300 mL X 2), twice. The combined organic layers were washed
with water (300 mL), brine (100 mL), dried over sodium sulphate and concentrated invacuo. The
residue was purified on silica gel (100-200 mesh) to afford the title compound as aliquid 7 g (64
%). Rf = 0.74 (25 % EtOAc in hexane); 'H NMR (400 MHz, DMSO-dy): 6 8.60 - 8.20 (m, 2H),
8.05 - 7.80 (m, 1H), 7.40 - 6.80 (m, 4H), 6.60 - 6.30 (m, 1H), 5.10 - 3.84 (m, 4H), 3.82 - 2.40
(m, 7H), 2.40 - 2.20 (m, 3H), 1.60 - 0.55 (m, 23H), 0.05 - -0.40 (m, 6H); LC-MS: m/z 662.4
(M+H).

[00225] Step 2: Preparation of (5)- 1-(4-amino-2-(3-(((tert-butyldimethylsilyl)-
oxy)methyl)- 1,2,3,4-tetrahydroisoquinoline-2-carbonyl) phenyl)-N,N-dibutyl-5-methyl-  1H-
pyrazole-3-carboxamide. To asolution of (5)-N,N-dibutyl- 1-(2-(3-(((tert-butyldimethylsilyl)-
oxy)methyl)-1,2,3,4-tetrahydroisoquinoline-2-carbonyl)-4-nitrophenyl)-5-methyl-IH-pyrazole-3-
carboxamide (3.0 g, 4.5 mmol) in EtOH (50 mL) was added 10% Pd-C (0.3 g) followed by
stirring under H, balloon pressure a RT for 3h. The reaction mixture was filtered through celite,
the bed was washed with EtOH (150 mL) and the filtrate was concentrated invacuo. The residue
was purified on silica gel (100-200 mesh) to afford the title compound as an 'off white' solid 2.0 g
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(69 %). Rf = 0.45 (25 % EtOAc in hexane); 'H NMR (400 MHz, DMSO-d ): 3 7.40 - 6.82 (m,
5H), 6.80 - 6.20 (m, 3H), 5.74 - 5.50 (m, 2H), 5.10 - 4.00 (m, 2H), 3.99 - 2.20 (m, 9H), 2.20 -
2.00 (m, 3H), 1.60 - 0.58 (m, 23H), 0.00 - - 0.04 (M, 6H); LC-MS: m/z 632.6 (M+H).

Intermediate C

(5VI1-(4-bromo-2-(3-(((tert-butyldi methylsilyl)oxy)methyl)-1.2.3.4-tetrahydro-isoquinoline-2-
carbonvnphenyl)-N,N-dibutyl-5-methyl-IH-pyrazol e-3-carboxamide
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[00226] Step 1: Preparation of 5-bromo-2-hydrazinylbenzoic acid hydrochloride. To a

suspension of 2-amino-5-bromobenzoic acid (50.0 g, 231.5 mmoal) in cone. HCI (250 mL) at -
10°C was added a solution of sodium nitrite (23.92 g, 347.2 mmol) in water (250 mL), slowly,

followed by stirring for 2h. To this reaction mixture was slowly added a solution of stannous
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chloride (130.50 g, 225.6 mmol) in cone. HC1 (125 mL) with continued stirring at RT for 12h.
The reaction mixture was filtered, the residue washed with the minimum amount of water and
vacuum dried to afford the title compound as and 'off white' solid 61 g (100%), which was used
for next step without further purification. Rf = 0.10 (ethyl acetate); 'H NMR (400 MHz, DM SO-
dg): 8 11.60 - 9.60 (brs, 3H), 7.93 (d, J= 2.4Hz, 1H), 7.72 (dd, J= 2.4 & 8.8Hz, 1H), 7.12 (d, J=
8.8Hz, 1H); ES-MS: m/z 229.1 (M-H).

[00227] Step 2: Preparation of 5-bromo-2-(3-(ethoxycarbonyl)-5-methyl-1H-pyrazol-I-
yl)benzoic acid. To asolution of 5-bromo-2-hydrazinylbenzoic acid hydrochloride (60.0 g, 225.6
mmol) in AcOH (600 mL) was added ethyl-2,4-dioxovalerate (35.67 g, 225.6 mmol) followed by
refluxing for 3h. AcOH was evaporated invacuo and the residue was co-distilled with toluene
(100 mL), twice. The residue was dissolved in EtOAc and washed with water until the ag. layer
became neutral. The organic layer was dried over sodium sulphate and concentrated invacuo.
The gummy material was triturated with diethyl ether to afford the title compound as abrown
colored oil 80 g (100%), which was used without further purification for the next step. Rf = 0.23
(10 % MeOH in DCM); 'H NMR (400 MHz, DMSO-d g): & 13.80 - 12.80 (brs, 1H), 8.08 (d, J=
1.9Hz, 1H), 7.96 (dd, J= 2.4&8.3Hz, 1H), 7.53 (d, J= 8.3Hz, 1H), 6.70 (s, 1H), 4.26 (q, J =
7.2Hz, 2H), 2.13 (s, 3H), 1.28 (t, J= 7.1Hz, 3H); ESMS: m/z 353.1 (M+H).

[00228] Step 3: Preparation of (5)-ethyl 1-(4-bromo-2-(3-(hydroxymethyl)-1,2,3,4-
tetrahydroi soquinoline-2-carbonyl) phenyl)-5-methyl-IH-pyrazol e-3-carboxyl ate. Toanice
cooled solution of 5-bromo-2-(3-(ethoxycarbonyl)-5-methyl-IH-pyrazol-I-yl)benzoic ~ acid (45.0
g, 127.8 mmol) in DCM (450 mL) were added (5)-(1,2,3,4-tetrahydroisoquinolin-3-yl)methanol
(20.8 g, 102.27 mmol), HATU (72.7 g, 191.2 mmol), DIPEA (55.7 mL, 319.6 mmol) followed by
stirring a RT for 12h. The reaction mixture was diluted with DCM (750 mL), washed with water
(500 mL), brine (100 mL), dried over sodium sulphate and concentrated invacuo. The residue
was purified on silica gel (100-200 mesh) to afford the the title compound as aliquid 50 g (79%).
Rf = 0.44 (55 % EtOAc in hexane); % NMR (400 MHz, DMSO-d): 6 8.00 - 7.40 (m, 3H), 7.30
- 7.00 (m, 4H), 6.80 - 6.40 (m, 1H), 5.10 - 3.80 (m, 7H), 3.50 - 2.40 (m, 3H), 2.40 - 2.10 (m,
3H), 1.30- 1.00 (m, 3H); ES-MS: m/z 498.2 (M+H).

[00229] Step 4: Preparation of (5)-1-(4-bromo-2-(3-(hydroxymethyl)-1,2,3,4-

tetrahydroi soquinoline-2-carbonyl)phenyl)-5-methyl-IH-pyrazole-3-carboxylic  acid. Toa
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solution of (S5)-ethy! |-(4-bromo-2-(3-(hydroxymethyl)-1,2,3,4-tetrahydroisoquinoline-2-
carbonyl)phenyl)-5-methyl-IH-pyrazole-3-carboxylate  (50.0 g, 100.6 mmol) in THF(80 mL) and
water (20 mL) was added lithium hydroxide monohydrate (21.1 g, 503.0 mmol) followed by
stirring a RT for 12h. The reaction mixture was concentrated invacuo, diluted with water (80
mL) and extracted with diethyl ether (100 mL). The ag. layer was cooled to 0°C, acidified up to
pH ~ 4 using 3N HC1 and extracted with EtOAc (200 mL X 2), twice. The combined organic
layers were washed with water (200 mL), brine (100 mL), dried over sodium sulphate and
concentrated invacuo. The residue was purified on silica gel (100-200 mesh) to afford the title
compound as apale yellow solid, 40 g (crude). Rf = 0.10 (30 % EtOAc in hexane); 'H NMR (400
MHz, DMSO-d): 6 12.80 - 11.80 (m, 1H), 8.15- 7.40 (m, 3H), 7.30 - 6.90 (m, 4H), 6.70 - 6.30
(m, 1H), 5.10 - 3.70 (m, 5H), 3.50 - 2.40 (m, 3H), 2.38 - 2.10 (m, 3H); ES-MS. m/z 470.5
(M+H).

[00230] Step 5: Preparation of (5)-1-(4-bromo-2-(3-(hydroxymethyl)-1,2,3,4-

tetrahydroi soquinoline-2-carbonyl) phenyl)-N,N-dibutyl-5-methyl-1H-pyrazol e-3-carboxamide.

To asolution of (5)-1-(4-bromo-2-(3-(hydroxymethyl)-,2,3,4-tetrahydroi soquinoline-2-
carbonyl)phenyl)-5-methyl-IH-pyrazole-3-carboxylic  acid (10.0 g, 21.3 mmol) in DMF (100 mL)
were added dibutylamine (3.7 mL, 21.3 mmol), EDC.HCI (6.1 g, 31.9 mmol), HOBT (3.3 g, 21.3
mmol) followed by stirring a RT for 12h. The reaction mixture was diluted with water, extracted
with EtOAc (100 mL X 2), twice. The combined organic layers were washed with water (100
mL), brine (50 mL), dried over sodium sulphate and concentrated invacuo. The residue was
purified on silica gel (100-200 mesh) to afford the title compound as a hygroscopic solid, 4.5 g
(36 %). Rf = 0.44 (55 % EtOAc in hexane); % NMR (400 MHz, DMSO-d): 6 8.00 - 7.40 (m,
3H), 7.30 - 6.80 (m, 4H), 6.50 - 6.20 (m, 1H), 5.10 - 4.00 (m, 3H), 4.00 - 2.40 (m, 9H), 2.40 -
2.00 (m, 3H), 1.60- 0.50 (m, 14H); LC-MS: m/z 581.4 (M+H); HPLC: 90.74% (RT = 9.216
min., method C).

[00231] Step 6: Preparation of (5)-1-(4-bromo-2-(3-(((tert-butyldimethylsilyl)-
oxy)methyl)- 1,2,3,4-tetrahydro-isoquinoline-2-carbonyl)phenyl)-N,N-dibutyl-5-methyl-  1H-
pyrazole-3-carboxamide. To asolution of (5)-1-(4-bromo-2-(3-(hydroxymethyl)-1,2,3,4-
tetrahydroisoquinoline-2-carbonyl) phenyl)-N,N-dibutyl-5-methyl-1H-pyrazol e-3-carboxamide
(3.09,5.2mmol) in DCM (30 mL) were added TBDMS-chloride (0.93 g, 6.2 mmol), imidazole



WO 2013/096060 PCT/US2012/069273

-94 -

(0.70 g, 10.3 mmol) followed by stirring a RT for 5h. The reaction mixture was diluted with
water, extracted with EtOAc (100 mL X 2), twice. The combined organic layers were washed
with water (100 mL), brine (50 mL), dried over sodium sulphate and concentrated invacuo. The
residue was purified on silica gel (100-200 mesh) to afford the title compound as aliquid 3.0 g
(83 %). Rf = 0.66 (50 % EtOACc in hexane); 'H NMR (400 MHz, DMSO-d): 6 8.00 - 7.40 (m,
3H), 7.30 - 6.60 (m, 4H), 6.55 - 6.20 (m, 1H), 5.00 - 4.10 (m, 2H), 4.10 - 2.40 (m, 6H), 2.40 -
2.00 (m, 6H), 1.60 - 0.50 (m, 23H), 0.20 - -0.40 (M, 6H); LC-MS: m/z 695.3 (M+H).

Intermediate D

4-Chloro-I-[4-hvdroxy-2-((S)-3-hvdroxymethyl -3.4-dihvdro-1H-isoquinoline-2-carbonyl)-

phenyll-5-methyl-IH-pyrazole-3-carboxylic  acid dibutylamide

*ig % 6, 5@

[00232] Step 1: Preparation of 4-Chloro-5-methyl-IH-pyrazole-3-carboxylic  acid ethyl
ester. A mixture of 5-methyl-IH-pyrazole-3-carboxylic acid ethyl ester (4.45 g, 28.9 mmol) and
N-chlorosuccinimide (5.01 g, 37.5 mmol) in dimethylformamide (60 mL) was stirred for 24 hours
at ambient temperature. The reaction was then concentrated down and purified by eluting through
asilica gel column with a0to 100% ethyl acetate / heptane gradient to afford the title compound
(5.2 g, 96% yield) as awhite solid. MS (ESI) [m/e, (M+H)*] = 189.3. '"H NMR (400 MHz,
chloroform-d) & ppm 9.39 (br. s., 1H), 4.44 (q, J=7.1 Hz, 2 H), 2.35 (s, 3H), 143 (t,J=7.1 Hz, 3
H).
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[00233] Step 2: Preparation of 4-Chloro-5-methyl-IH-pyrazole-3-carboxylic  acid
dibutylamide. To astirred solution of dibutylamine (13 mL, 76 mmol) in dichloromethane (250
mL) under nitrogen atmosphere was added trimethylaluminium (38 mL, 2M in toluene, 76 mmol).
The mixture was stirred a ambient temperature for 30 minutes. (4-Chloro-5-methyl-IH-pyrazole-
3-carboxylic acid ethyl ester (4.8 g, 25 mmoal) in dichloromethane (30 mL) was added dropwise to
the mixture. The reaction was stirred for 12 hours under a nitrogen atmosphere. The mixture was
poured into saturatured Rochelle salt solution slowly and stirred at ambient temperature for 2
hours. The organic layer was collected. The aquous layer was extracted with dichloromethane
and combined with the organic layer. The organic phase was brine-washed, dried over sodium
sulfate, filtered, concentrated down, and dried. The residue was purified by eluting through a
silica gel column with a0to 100% ethyl acetate / heptane gradient to afford the title compound
(4.7 g, 68% yield) asaclear cil. MS(ESI) [m/e, (M+H)*] = 272.4. 'HNMR (400 MHz,
chloroform-d) & ppm 3.50 (t, J=7.5 Hz, 2 H), 3.37 (t, J=7.5 Hz, 2 H), 2.28 (s, 3 H), 1.64 (quin,
J=75Hz, 2 H), 1.4 - 1.55 (m, 2 H), 1.30 - 1.43 (m, 2 H), 1.10 - 1.22 (m, 2 H), 0.97 (t, J=8.0 Hz,
3 H), 0.82 (t, J=7.3 Hz, 3 H).

[00234] Step 3: Preparation of 4-Chloro-1-(2-cyano-4-methoxy-phenyl)-5-methyl-IH-
pyrazole-3-carboxylic acid dibutylamide. A mixture of 4-chloro-5-methyl-IH-pyrazole-3-
carboxylic acid dibutylamide (1.5 g, 5.5 mmol), 2-fluoro-5-methoxybenzonitrile (1.1 g, 7.2
mmol), and cesium carbonate (1.8 g, 5.5 mmol) in dimethylformamide (5 mL) was microwaved at
130°C for 30 minutes. The solvent was removed in vacuo. The crude material was eluted
through asilica gel column with a0to 70% ethyl acetate / heptane gradient to afford the title
compound (1.3 g, 59% yield) as awhite solid. M S (ESI) [m/e, (M+H)*] = 403.5. % NMR (400
MHz, chloroform-d) &6 ppm 7.32 (d, J=8.5 Hz, 1H), 7.18 - 7.22 (m, 1H), 7.12 - 7.18 (m, 1H),
3.84 (s, 3H), 3.41 - 3.51 (M, 2 H), 3.32 - 3.41 (m, 2 H), 2.15 (s, 3H), 1.54 - 1.66 (M, 2 H), 1.48
(qd, J=7.7, 7.5 Hz, 2 H), 1.26 - 1.40 (m, 2 H), 1.17 (ddd, J=14.9, 7.4, 7.3 Hz, 2 H), 0.89 (t, J=7.3
Hz, 3H), 0.77 (t, J=7.3 Hz, 3 H).

[00235] Step 4: Preparation of 2-(4-Chloro-3-dibutylcarbamoyl-5-methyl-pyrazol-I-yl)-
5-methoxy-benzoic acid. A mixture of 4-Chloro-I-(2-cyano-4-methoxy-phenyl)-5-methyl-1H-
pyrazole-3-carboxylic acid dibutylamide (1.3 g, 3.2 mmol) and potassium hydroxide (1.2 g,21

mmol) in ethanol (5 mL) and water (5 mL) was microwaved a 150°C for 90 minutes. The pH
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was adjusted to about 5 with aguous HC1 solution (15 N). The solvent was removed in vacuo.
The crude material was eluted through a silica gel column with a 10 to 100% ethyl acetate /
heptane and then 1to 20% methanol / methylene chloride gradient to afford the title compound
(0.53 g, 39% yield) as awhite solid. MS (ESI) [m/e, (M+H)*] = 422.4.

[00236] Step 5: Preparation of 4-Chloro-I-[2-((S)-3-hydroxymethyl-3,4-dihydro-1H-
isoquinoline-2-carbonyl)-4-methoxy-phenyl]-5-methyl-IH-pyrazole-3-carboxylic ~ acid
dibutylamide. To astirred solution of 2-(4-chloro-3-dibutylcarbamoyl-5-methyl-pyrazol-I-yl)-5-
methoxy-benzoic acid (0.35 g, 0.82 mmol) and (S)-(l,2,3,4-tetrahydroisoquinolin-3-yl)methanol
(0.13 g, 0.82 mmol) in dichloromethane (8 mL) under nitrogen atmosphere was added |-ethyl-3-
(3-dimethylaminopropyl)carbodiimide (0.16 g, 0.82 mmol) and hydroxybenzotriazole (0.13 g,
0.82 mmol). The mixture was stirred at ambient temperature for 5 minutes. Triethylamine (0.34
mL, 2.5 mmol) was added to the mixture. The reaction was stirred for 60 hours at ambient
temperature. The mixture was washed with water and purified by eluting through asilica gel
column with a 10to 100% ethyl acetate / heptane gradient to afford the title compound (21 mg,
4.5% yield). MS(ESI) [m/e, (M+H)*] = 567.3. '"H NMR (400 MHz, chloroform-d) & ppm 6.75 -
7.36 (M, 7H), 4.13 - 541 (m, 4 H), 3.80 - 3.96 (m, 3H), 2.51 - 3.71 (m, 8 H), 2.17 - 2.32 (m, 3
H), 1.48 - 1.68 (m, 4 H), 1.19- 1.44 (m, 4 H), 0.70 - 0.97 (m, 6 H).

[00237] Step 6: 4-Chloro-1-[4-hydroxy-2-((S)-3-hydroxymethyl-3,4-dihydro-I1H-
isoquinoline-2-carbonyl)-phenyl]-5-methyl-IH-pyrazole-3-carboxylic ~ acid dibutylamide. A
mixture of 4-chloro-I-[2-((S)-3-hydroxymethyl-3,4-dihydro-IH-isoquinoline-2-carbonyl)-4-
methoxy-phenyl]-5-methyl-IH-pyrazole-3-carboxylic  acid dibutylamide (40 mg, 0.071 mmol)
and aluminium chloride (75 mg, 0.56 mmol) was stirred in ethanethiol (0.052 mL, 0.71 mmol)
and dichloromethane (0.5 mL) for 12 hours a ambient temperature under anitrogen atomsphere.
The mixture was added with water and extracted with 1:4 methanohmethylene chloride. The
organic layer was removed in vacuo. After eluting through a short pad of silica gel column and
CI18 column, the crude material was purified by HPLC to afford the title compound (9 mg, 33%
yield). MS(ES) [m/e, (M+H)*] = 553.5. '"H NMR (400 MHz, DM SO-i%4 & ppm 6.66 - 7.50 (m,
7H), 2.03 - 5.08 (M, 14 H), 0.53 - 1.62 (M, 14 H).
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Intermediate E

I-[5-Hvdroxy-2-((SV 3-hvdroxymethyl-3"-dihvdro-IH-isoquinoline-2-carbonyl V phenylI-5-

methyl-IH-pyrazole-3-carboxylic  acid dibutylamide

(\/

0 N\/\/

OO~ O N~~~ NN O

Sy L ! \ N OH
\ SN

NH \ NH

—0

[00238] Step 1: Preparation of 5-Methyl-IH-pyrazole-3-carboxylic  acid dibutylamide.
Following Preparation of Intermediate D/Step 2, the title compound (6 g, 65%) was prepared from
5-methyl-IH-pyrazole-3-carboxylic  acid ethyl ester. M S (ESI) [m/e, (M+H)*] = 238.1. 'HNMR
(400 MHz, chloroform-d) & ppm 6.29 (s, 1H), 3.59 (t, J=7.5 Hz, 2 H), 3.38 - 3.51 (m, 2 H), 2.32
(s, 3H), 1.47 - 1.74 (m, 4 H), 1.17 - 1.47 (m, 4 H), 0.76 - 1.03 (m, 6 H).

[00239] Step 2: Step 2: 2-(3-Dibutylcarbamoyl-5-methyl-pyrazol-1-yl)-4-methoxy-

benzoic acid. A mixture of 5-methyl-IH-pyrazole-3-carboxylic acid dibutylamide (0.85 g, 3.6
mmol), 2-iodo-4-methoxybenzoic acid (1.0 g, 3.6 mmoal), copper iodide (0.14 g, 0.72 mmol),
cesium carbonate (1.2 g, 3.6 mmol), and irans-dimethylaminecyclohexane (0.23 mL, 1.44 mmol)
in dioxane (5 mL) was microwaved a 120 °C for 15 minutes. Diluted with ethyl acetate, the
crude material was eluted through asilica gel column with a0to 100% ethyl acetate / heptane and
then 0to 20% methanol / methylene chloride gradient to afford the title compound (0.43 g, 31%
yield). MS (ESI) [m/e, (M+H)*] = 388.5.

[00240] Step 3: 1-[2-((S)-3-Hydroxymethyl-3,4-dihydro-I1H-isoquinoline-2-carbonyl)-
5-methoxy-phenyl]-5-methyl-IH-pyrazole-3-carboxylic  acid dibutylamide. Following

Preparation of Intermediate D/Step 5, the title compound (610 mg, 29%) was prepared from 2-(3-
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dibutylcarbamoyl-5-methyl-pyrazol-1-yl)-4-methoxy-benzoic acid. MS (ESI) [m/e, (M+H) ] =
533.3. 'HNMR (400 MHz, chloroform-d) & ppm 6.81 - 7.33 (m, 7 H), 5.95 - 6.40 (m, 1H), 4.28
- 5.62 (m, 4 H), 3.83 - 3.96 (m, 3 H), 2.66 - 3.81 (m, 7 H), 2.01 - 2.38 (m, 3H), 1.10- 1.65 (m,
8H), 0.76 - 1.01 (m, 6 H).

Example 1

(S)-benzyl (4-(3-(dibutylcarbamoy! )-5-methyl-IH-pyrazol-I-yl )-3-(3-(hvdroxymethyl )- 1,2,3,4-

tetrahvdroi soquinoline-2-carbony!)phenyl)carbamate

o0
N\\/\
I\
N O

N

NH OH

N

[00241] To asolution of (S)-I-(4-amino-2-(3-(hydroxymethyl)-I1,2,3,4-

tetrahydroi soquinoline-2-carbonyl)phenyl)-N,N-dibutyl-5-methyl-IH-pyrazol e-3-carboxamide
(intermediate A, 0.10 g, 0.19 mmol) in DCM (10 mL) was added K,CO 5(0.026 mg, 0.19 mmol),
benzylchloroformate (0.03mL, 0.212 mmol) followed by stirring a RT for 5h. The reaction
mixture was filtered through cedlite, the bed was washed with DCM (20 mL) and the filtrate was
concentrated invacuo. The residue was purified on silica gel (100-200 mesh) to afford the title
compound as awhite solid, 0.050 g (40%). Rf = 0.30 (5% MeOH in DCM); 'H NMR (400 MHz,
DMSO-dg): 6 10.30 - 10.10 (m, 1H, D,0 exchangeable), 7.78 - 6.80 (m, 12H), 6.50 - 6.20 (m,
1H), 5.30 - 3.40 (m, 5H), 3.40 - 2.40 (m, 9H), 2.25 - 2.00 (m, 3H), 1.60 - 0.58 (m, 14H); ES-
MS: m/z 652.5 (M+H) HPLC: 98.25% (RT = 7.214 min., method H).
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Example 2

4-((4-(3-(dibutylcarbamoyl)-5-methyl- 1H-pyrazol- 1-vD-3-((9)-3-(hydroxymethyl)- 1.2.3 .4-

tetrahvdroi soquinoline-2-carbonvnphenvnamino)-4-oxo-3-phenylbutanoic  acid

[00242] To asolution of 4-methoxy-4-oxo-2-phenylbutanoic acid (0.1 g, 0.48 mmoal) in
DCM (4 niL) was added thionyl chloride (2 niL) followed by refluxing for 2 h. The reaction
mixture was concentrated invacuo, diluted with DCM (3 mL) and added in to a solution of (S5)-I -
(4-amino-2-(3-(((tert-butyldimethylsilyl)oxy)methyl)-1,2,3,4-tetrahydroi soquinoline-2-
carbonyl)phenyl)-N,N-dibutyl-5-methyl-IH-pyrazole-3-carboxamide ~ (intermediate B, 0.25 g,
0.48 mmol) in DCM (3 mL) containing triethyl amine (0.13 mL, 0.96 mmol) a RT and stirred for
1h. The reaction was quenched by the addition of water (50 mL) and extracted with EtOAc (100
mL), twice. The combined organic layer was washed with brine (50 mL), dried over sodium
sulphate and concentrated invacuo. The residue was purified on silica gel (100-200 mesh) to
afford methyl 4-((4-(3-(dibutylcarbamoyl)-5-methyl-IH-pyrazol-I-yl)-3-((S)-3-(hydroxymethyl)-
,2,3,4-tetrahydroisoquinoline-2-carbonyl)phenyl)amino)-4-oxo-3-phenylbutanoate  as awhite
solid, 0.23 g (67%). Rf = 0.52 (5 % MeOH in DCM); 'HNMR (400 MHz, DMSO-d ¢):  10.78 -
10.38 (brs, 1H, D,0 exchangeable),8.00 - 6.80 (m, 12H), 6.50 - 6.20 (m, 1H), 5.00 - 3.65 (m,
3H),3.65 - 3.50 (m, 3H), 3.50 - 2.30 (m, 12H), 2.28 - 2.00 (m, 3H), 1.60 - 0.58 (m, 14H); ES-
MS: m/z 708.5 (M+H), HPLC: 38.48% + 61.52% (RT = 17.171 min., 18.835 min., method E).
[00243] To asolution of methyl 4-((4-(3-(dibutylcarbamoyl)-5-methyl-1H-pyrazol-I-
y1)-3-((S)-3-(hydroxymethyl)-1,2,3,4-tetrahydroi soquinoline-2-carbonyl) phenyl)amino)-4-oxo-3-



WO 2013/096060 PCT/US2012/069273

- 100 -

phenyl-butanoate (0.23 g, 0.28 mmol) in THF(6 mL) and water (4 mL) was added lithium
hydroxide monohydrate (0.042 g, 0.84 mmol) followed by stirring a RT for 5h. The reaction
mixture was concentrated invacuo, diluted with water (20 mL) and extracted with diethyl ether
(20 mL). The aqg. layer was cooled to 0°C, acidified up to pH ~ 2 using 3N HC1 and stirred for 30
min. before extracting with EtOAc (100 mL), twice. The combined organic layer was washed
with water (50 mL), brine (50 mL), dried over sodium sulphate and concentrated invacuo. The
residue was purified on silica gel (100-200 mesh) to afford the title compound as awhite solid,
0.12 g (53%). Rf = 0.10 (5 % MeOH in DCM); 'H NMR (400 MHz, DMSO-d): & 11.20 - 10.70
(brs, 1H, D,0 exchangeable),8.00 - 6.80 (m, 13H), 6.50 - 6.20 (m, 1H), 5.10 - 3.60 (m, 3H), 3.60
- 2.24 (m, 12H), 2.24 - 2.00 (m, 3H), 1.60 - 0.58 (m, 14H); LC-MS: m/z 692.6 (M+H), HPLC:
41.23% + 58.26% (RT = 13.915 min., 15.335 min., method F).

Example 3

(51-N,N-dibutyl-I-(2-(3-(hvdroxymethyl)-1,2,3,4-tetrahvdroi soquinoline-2-carbonyl)-4-(2-

(naphthalen- 1-yl)acetamido)phenyl)-5-methyl- 1H-pyrazole-3-carboxamide

[00244] To asolution of (5)- 1-(4-amino-2-(3-(((tert-butyldimethylsilyl)oxy)methyl)-
,2,3,4-tetrahydroi soquinoline-2-carbonyl) phenyl)-N,N-dibutyl-5-methyl-IH-pyrazol e-3-
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carboxamide (0.12 g, 0.19 mmol) and 1-naphthyl acetic acid (0.05 g, 0.27 mmol) in DMF (10 mL)
were added EDC.HCI (0.05 g, 0.27 mmol), HOBT (0.36 g, 0.27mmol), followed by stirring at RT
for 24 h. The reaction mixture was diluted with water (20 mL) and extracted with EtOAc (100
mL). The organic layer was washed with water (50 mL), brine (50 mL), dried over sodium
sulphate and concentrated invacuo to afford (5)-N,N-dibutyl-I-(2-(3-(((tert-butyldimethylsilyl)-
oxy)methyl)- 1,2,3,4-tetrahydro-isoquinoline-2-carbonyl)-4-(2-(naphthalen-  1-yl)acetamido)-
phenyl)-5-methyl-IH-pyrazole-3-carboxamide asaliquid, 0.1 g (57%). The crude reaction mass
was subjected to the next reaction without further purification Rf = 0.28 (70% EtOAc in hexane);
ES-MS: m/z 800.6 (M+H).

[00245] To asolution of (5)-N,N-dibutyl- 1-(2-(3-(((tert-butyldimethylsilyl)oxy)-
methyl)- 1,2,3,4-tetrahydroi soquinoline-2-carbonyl)-4-(2-(naphthalen-  1-yl)acetamido)phenyl)-5-
methyl-IH-pyrazole-3 -carboxamide (0.10 g, 0.125 mmol) in THF (10 mL) was treated with 3N
HC1 (3 mL) a RT for 3h. The reaction mixture was diluted with water (20 mL), the pH was
adjusted to about 8 using agq. NaHCO ; solution and extracted with EtOAc (100 mL). The organic
layer was washed with water (50 mL), brine (20 mL), dried over sodium sulphate and
concentrated invacuo. The residue was purified on silica gel (100-200 mesh) to afford the title
compound as awhite solid, 0.062 g (72%). Rf = 0.22 (90% EtOAc in Hexane); 'H NMR (400
MHz, DMSO-dG): 5 10.80 - 10.58 (m, 1H, D0 exchangeable), 8.20 - 6.90 (m, 14H), 6.50 - 6.20
(m, 1H), 5.00 - 3.60 (m, 5H), 3.60 - 2.40 (m, 9H), 2.25 - 2.00 (m, 3H), 1.60 - 0.50 (M, 14H);
LC-MS: m/z 686.3 (M+H), HPLC: 96.76% (RT = 9.732 min., method J).

[00246] By repeating the procedures described in the above examples, using appropriate
starting materials and HPLC methods, the following compounds of Formula I, as identified in

Table 1, are obtained.
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) IC50 IC50
BAD BAK
(nM) (nM)
1 @\ 652.3 8.825 71.19 — 63.7 -
o 74.38 66.08
kfo
HN
NN
m o "X~
N
) 0 \\L
OH
2 694.6 13.915 | 30.32 - 27.5-
0 /15.33 53.6 4479
o] OH 5
NH
7N 1
/\’\ =N (@) N
N H.,
0
OH
3 686.3 9.732 48.93 — 44.42 —
4§ 57.97 52.36
N
o) o N
=N\
N OH
NH O
@
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) IC50 IC50
BAD BAK
(nM) (nM)
4 652.5 7.214 | 78.67 - 83.8 —
@ 97.36 108.69
OYO
HN
NN
m o~
N
H 0 \\\\
OH
5 636.3 7.790 | 9594 | 97.97-
129.49 133.87
O
HN
NTNX
seqb el
N
H @) \\\\
OH
6 708.6 9.16, | 119.75— | 10545 -
o 10.44 120.56 106.82
@] O/
NH
7N
,\’\ )
07N
N H/,
j 0 m
OH
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
7 CI\@\ 686.310 | 3.82 | 197.68 — | 142.09 —
o 5 198.29 161.25
kfo
HN
Ol
N
(0]
H
Lo° L
650.4 8.679 | 197.82— | 190.91 —
8 259.74 287.49
0
HN
NTR
m o /‘/\
N
H o) L\\
OH
9 618.4 8.668 | 499.12— | 393.73 -
§§ 606.03 | 451.52
N
O o N
=N
XN OH
NH
o O/\(
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
10 638.6 7.123 | 500.99 — | 282.58 —
5 52158 | 307.84
N
O o N
=N
XN OH
NH /@
o)\O
11 /\/\ 0 590.4 9.342 | 591.17— | 549.93 —
N 599.01 556.74
A\
N.
N OHO\.
>
HNYO
N
12 /\/\ 0 576.5 9.463 | 6193 - | 567.02 -
N 892.17 575.24
I\
N.
N OHO\:
>
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
13 560.4 9.543 | 776.02— | 461.7-
5 79128 | 477.54
N
O o N
=N
NN OH
N
)
15 OH 708.5 8.625 | 53.42— | 44.18-
o 58.96 47.67
O
NH
7N i
/\—’\ =N @] N
N H.,
(6]
OH
16 708.5 7.784 | 119.02— | 95.73 -
126.38 103.07
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
17 OH 618.1 | 11.388 | 215.83— | 152.96—
0 250 174.92
o}
HN
NN
Cop
N
8 o} \\\\
OH
18 694.395 | 4.05 | 191.97— | 184.61 -
)\©\ 9 25224 | 264.74
(0]
Kfo
HN
NN
CCT\ o~
v o \\\\
OH
19 HO.__O 604.2 7.218 | 363.39— | 241.15-
\ifo 364.82 251.22
HN
NN
o}
OH
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
20 ©\/ 758.388 | 4.00 | 1221.87 | 1218.35
OO 9 ~ 1808 _
(o]
kﬁo 2074.91
HN,£
Coe "
H N\
OH 1
21 o 697.3 3.14 | 2394.76 | 1947.59
oN\©\ _ —2169.7
o 2668.64
(0]
HN
NN
seal el
N
éﬁ \\\\
OH
22 o~ | 682.359 | 3.14 | 344873 | 2616.03
6 - -
o 3452.05 | 3492.17
7N
,\’\ =\
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
23 ©:CI 686.3 3.96 | 4849.15 | 3903.09
o —4926.5 -
kfo 4161.67
HN
NTNR
m o /I
N
H o) \\\\
OH
24 | 682.4 3.77 | 8617.04 | 6416.9 —
(6]
\@L - 8635.97
o) 11867.6
kfo
5
HN
£ NN
QCL o /\/\
N
o o) \\\\
OH
25 694.3 8.051 67.6 — 63.42 —
§ 67.75 72.17
N
(0] o N
=N
NN OH
NH OH
53/%
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
26 784.5 8.765 | 4598 — | 43.67-
5 63.09 | 5445
N
0 N
=N
X\ N- OH
OH
NH (0]
o)
27 747.3 | 7.751 61.87— | 58.52-—
66.81 70.92
OH
\"l,
N ‘.,
0 Ni ::
=
XN
NH
0
0
)
28 642.3 | 14.250 | 263.59— | 291.27 -
295.61 325.22
N
0 N
=N
NN
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) IC50 IC50
BAD BAK
(nM) (nM)
29 650.3 9.358 161.75- 180.5 -
V% B 182.73 190.53
N
0 N
=N
N OH
N (C B
~
o)
30 662.4 9.362 | 251.58 — | 204.1-
267.02 239.81
OH
\':,
N 4,
0 N
=
X N
NH
o)
31 664.4 9.415 1323 - | 118.76 —
5 y B 14593 | 14338
J~
N
0 N
=\
N Vi L OH
X NH
o)
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
32 653.345 | 6.43 | 244.58— | 204.68 —
N (p 4 23425 | 20251
N —N
N
(o] (o] [e] \ /
o) =N
—— H
34 693.8 8.051 67.6- 72.17-
67.75 63.42
x
N
0 o N
=N
XN OH
NH HO
o (6)
35 685.9 9.732 | 57.97- 52.36-
5 48.93 44.42
N
(e} o N
=
N\ N%\ OH
NH O
@
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) IC50 IC50
BAD BAK
(nM) (nM)
36 720.9 8.739 171.04- 144.1-
110.89 110.89
HO
N \//I,
O o N
="
X\ CUN
NH
0]
O
/N\
37 631.76 7.959 171.55- 126.65-
HO
0 173.9 129.04
O —
HN Nz\lj\fo
HO © N
N % \|
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
38 685.9 9.393 43.37- 39.17-
43.45 39.44
39.06 34.23
N 36.14- 30.63-
34.57 37.72
O 0 N
="
NN OH
NH
)
39 645.8 5.984 | 143.12- | 105.88-
HO
0 166.17 123.7
o)
HN N~N/ O
HO © N
N )
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) IC50 IC50
BAD BAK
(nM) (nM)
40 684.9 8.340 130.62- 124.67-
4§ 131.33 124.26
N
0 N
~!
N\ N OH
NH
0 N’>/
0
41 753.33 8.803 96.42- 83.31-
4§ 97.64 75.42
N
0 N
A
N OH
NH
Cl
o) N
O
42 693.8 8.424/ 59.06- 61.26-
5 8.587 51.08 55.04
N
0 N
=
X N
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
43 696.2 9.155 596.5- 490.73-
4§ 527.34 415.93
N
0 N
=
N OH
NH
N\
0
Cl
44 688.8 9.532 283.92- 237.88-
273.42 235.96
N
o) N
="
N OH
NH
N
Y
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
45 676.8 9.013 688.87- 499.38-
772.66 556.16
”
S
N
0 N
=
XN OH
NH
O / \N/
\ N
46 702.8 9.578 759.8- 839.6-
4§ 628.11 691.94
N
o N
=
N OH
NH
o)
O
)
\ N
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
47 667.8 | 11.556 | 593.93- | 600.03-

521.79 585.92

48 734.9 3.37 845.69- | 581.09-
870.15 599.59
49 709.92 4.27 601- 458.96-

606.21 476.22
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
50 736.88 | 8.543 | 701.98- | 554.13-
4§ 723.14 642.97
N
le) N
="
NN OH
NH
(o] N
Q)
F
51 717.8 8.472 | 158.02- | 121.75-
154.78 125.69
7
S
N
0 N
=
NN OH
NH
H
N O
Y Y
NH
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
52 649.8 9.358 84.19- 75.52-
Q /\/\ 88.5 79.13
N \_/_
/N
_N
N 0
N
o) NH OH
w
53 721.9 4.300 180.5- 162.48-
186.94 162.31

o
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
54 684.9 10.883 67.71- 59.31-
66.9 58.06
69.78- 58.91-
N 79.78 68.82
o) N
="
XN NH,
NH
O
55 706.9 7.780 129.05- 109.66-
99.96 81.02
N
o) N
="
N OH
NH
O
O
HN
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) IC50 IC50
BAD BAK
(nM) (nM)
56 o 630.8 | 2.818 | 1085.9- | 724.94-
oH _f NSNS 1093.74 | 722.05
o -N
N N ‘\\\
HN
0O
HN
Y-
(e}
57 o 653.8 | 2.988 | 79.55- 66.86-
oH _(\,(“\N/\/\ 77.26 63.12
O -N
N/«‘ fN ‘\‘\
HN
o
F
58 o 661.8 | 2.651 | 249.18- | 205.17-
OH WKN/\/\ 281.89 | 204.29
O -N
NfQ‘ fN |\|\
HN
,/Zao
N
J
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
59 o 703.8 | 2.735 | 536.64- | 394.94-
OH _m)kN/\/\ 530.63 | 409.74
0 -N
N/Q‘ fN ‘\‘\
HN
o)
~ o
60 717.9 | 2.752 | 120.25- | 96.71-
111.15 95.21

Z~0
Z

4
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H[) | (min) IC50 1C50
BAD BAK
(nM) (nM)
61 o 708.9 | 3.386 | 319.3- | 271.03-
oH _(\,(“\N/\/\ 305.85 | 228.87
P W-N \\‘\
HN
o
-N+O_
0]
62 o 638.8 | 2.765 | 317.51- | 237.61-
OH _ 4 , N/\/\ 325.92 277.01
O -N
N N ‘\\\
HN
o)
N=
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
63 o 706.9 | 3.031 | 67.44- 58.27-
OH‘(\"/KN/\/\ 76.1 61.19
O N-N ‘\‘\
HN
o)
NH
F
64 o 732.0 | 2.998 | 148.71- | 133.44-
OH_NKN/\/\ 138.43 | 111.53
O -N
N N ‘\|\
HN
?o
| .
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H[) | (min) IC50 1C50
BAD BAK
(nM) (nM)
65 o 679.8 | 2.750 | 172.79- | 139.76-
OHMN/\/\ 171.56 | 137.43
O -N
N N ‘\|\
HN
¥o
0\
/
o}
66 o 676.8 | 2.954 | 142.12- | 116.42-
OH —/\(KN/\/\ 142 106.3
O -N
N/(‘ fN ‘\‘\
HN
Zﬁo
o)
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
M+H]) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
67 715.8 | 2.887 48.9- 43.11-
52.69 46.05
oM N
N o 0
"\l/
/é/ it
HN
OYQ
0
‘O i
68 o 713.9 | 3.326 | 121.69- | 100.14-
oH MN/\/\ 125.48 | 102.88
O -N
f N’«‘ fN \\\\
HN
0
O
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) IC50 IC50
BAD BAK
(nM) (nM)
69 o 665.8 | 2.643 | 100.77- | 73.86-
OH ‘(\'KKN/\/\ 9135 | 67.33
O -N
N/Q‘ SN '\\\
HN
;O
-0
70 . 683.8 | 2.691 | 157.67- | 133.51-
OH\(\")\N/\/\ 14341 | 132.78
o -N
NJ(‘ fN i\\\
HN
%
F
0
/
71 o 730.9 | 3.039 | 99.86- 74.68-
oH .(\")\N/\/\ 93.5 72.01
O -N
NJ(‘ fN ‘\l\
HN
O
0, 0
HzN;..Sé N
@]
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
M+H]) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
72 o 665.8 | 3.040 | 58.79- 49.63-
OH _(\"/KN/\/\ 56.84 | 4855
2 N-N ‘\|\
HN
0
\O
\ /
73 o 731.9 | 2.940 | 74.07- 58.68-
OH _(\’KKN/\/\ 100.46 | 82.86
O -N
N N ‘\\\
HN
0
0
N\
N~y
-
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) IC50 1C50
BAD BAK
(nM) (nM)
74 720.9 8.497 95.11- 80.79-
96.02 81.36
)
™
N
o) N
=
XN Vi OH
.
75 653.8 9.398 66.61- 53.17-59
4§ 69.98
N
0 N
==N
\

N

\ OY
NH
NH
0
OH
NH
F
o
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
76 670.2 9.778 59.76- 50.5-
4§ 59.86 51.29
N
(@] o N
=N
NN OH
OGN
Cl
(6]
77 665.8 9367 | 65.76- 55.79-
5 70.99 64.32
N
(@] o N
=
N N\b OH
O\
v T
o)
78 733.8 3.29 102.56- 83.76-
< N/\/\ 99.88 | 73.62
/ )N
N" O
00
O NH OH
o
F F
F
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) IC50 IC50
BAD BAK
(nM) (nM)
79 o 690.8 | 2.437 | 398.5- 299.08-
oH /~ NSNS 368.85 350.69
O -N
N N ‘\|\
HN
o)
- N
"~
&N
80 o 675.8 | 2.982 | 907.88- | 1074.43-
OH MN/\/\ 1109.06 | 1029.08
O -N
N N K\\
HN
o)
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H[) | (min) IC50 1C50
BAD BAK
(nM) (nM)
81 . 641.8 | 2.702 | 1423.22- | 1487.5-
OH _(\IKKN/\/\ 1459.32 | 1042.46
O -N
N/«‘ fN ‘\|\
HN
0]
TN
T
82 . 782.1 | 3.211 | 1326.12- | 1259.55-
oH —(\Il/kN/V\ 1468.04 | "033.26
O -N
N’1<‘ fN ‘\\\
HN
;ZO
|
Cl
83 5 6722 | 2.885 | 89.07- | 65.27-
OH WKN/\/\ 81.6 69.7
O -N
N/Q‘ fN ‘\\\
HN
(0]
OH
Cl
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H[) | (min) IC50 1C50
BAD BAK
(nM) (nM)
84 o 679.8 2.685 | 1036.67- | 956.74-
oH ‘NKN/\/\ 1021.55 | 862.42
O W-N ‘\‘\
HN
0
N
Nsg
85 o 681.9 3.212 932.43- 741.13-
oH _ 4 , N/\/\ 922.82 784.04
O -N
N N \\\\
HN
o)
~ N
\Nl ‘\
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WO 2013/096060
-135 -

Example Structure MW HPLC | BCL2_ BCL2_

(ESI, RT SPR SPR

[M+HI) | (min) 1C50 1C50

BAD BAK

(nM) (nM)

86 688.9 3.133 627.9- 439.69-

610.73 432.12

87 676.8 2.451 | 375.47- | 509.24-

350.3 485.58

0
O -N
N’«‘ fN ‘\\\
HN
o)
HN:§ :2;
0
O -N
N«‘ N K‘\
HN
;o
HN \
OH
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
88 o 692.9 | 2.900 | 387.7- | 392.72-
oH _m)\N/\/\ 404.52 | 289.56
O -N
N’«‘ fN ‘\|\
HN
e
N>\/ '6
O
89 702.3 | 2.821 | 281.52- | 221.57-
287.68 | 230.83

S

0
M
OHO~(/\‘\IHKN
y Q N '\‘\
HN
0]
&
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
90 5 762.4 | 2.727 | 210.36- | 186.62-
OH \(\"/KN/\/\ 15598 | 158.72
O -N
NfQ‘ fN ‘\\\
HN
.
0,
0%S
ic:|
91 o 731.9 | 2.601 | >16000 | 3743.38-
OH Wk AN >16000 | 4126.68
O -N
N’(‘ fN ‘\\\
HN
; |
O,o
F
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
92 727.9 | 2.931 | 1351.75- | 1181.92-
OH‘MN/\/\ 1271.24 | 1119.7
O -N
N’(‘ fN K\\
HN
0
o)
93 705.8 | 2.895 | 1848.89- | 1825.93-
OH ‘NI\N/\/\ 1895.58 | 1767.95
O -N
N/(‘ fN ‘\\\
HN
; |
F
F—©
F
94 731.9 | 3.009 | 31.74- 30.67-
OH g , N/\/\ 25.66 31.13
O -N
N/(‘ fN ‘\|\
HN
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
95 679.8 | 10.032 | 148.13- 107.23-
0 /_/_ 155.44 107.79
NIV
\
N
N O
N
NH OH
o/
96 700.3 9.896 | 91.48- 75.98-
86.23 71.18
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
97 683.8 9411 | 200.63- 146.1-
o /_/_ 209.84 168.05
NIV
\
N
N O
N
NH OH
F
O/
98 653.8 9.670 | 302.45- | 243.55-
306.32 266.64
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) IC50 IC50
BAD BAK
(nM) (nM)
99 720.9 8.739 171.04- 144.1-
130.44 110.89
HO
N \//I,
O o N
="
X\ CUN
NH
0]
O
/N\
100 631.76 7.959 171.55- 126.65-
HO
0 173.9 129.04
O —
HN Nz\lj\fo
HO © N
N % \|
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) IC50 IC50
BAD BAK
(M) (nM)
101 718.89 | NVP- | 130.26- | 114.13-
LLF19 166.62 149.52
4§ 6-NX-
N
1
O o N
=N
LN OH
NH
o) N
0
102 667.82 | 8.734 | 363.88- | 268.33-
394.4 267.56
N—j
O 0 N
=N
NN OH
NH
N
o) \ \7\3
N A
103 699.88 | 8.946 54.09- 50.18-
= 55.94 51.92
HNQN‘N/ ©
o) © N
OH N -ll\\
o OH
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) IC50 IC50
BAD BAK
(nM) (nM)
104 792.96 8.327 376.31- 256.44-
§ 5 350.54 | 251.87
N
(o] o N
=\
N\ N\é\ OH N
NH o
O)\CQNA\/@/O\
O
105 679.85 8.503 113.93- 89.43-
119.32 94 .28
N
(e} o N
=1
XN 7 \ OH
X" "NH
OH
o)
106 716.87 9.307 139.58- 105.78-
5 131.33 110.11
N
(0] o N
=N
SPQe
(0]
-0
o N
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
107 662.78 | 8.546 | 692.61- 496.5-
747.73 520.36
108 o 640.8 2.833 | 1018.23- | 628.81-
OH“MN/\/\ 1118.54 | 841.47
0T\ N K‘\ 691.24- | 429.95-
729.72 429.16
HN
O
07N\
=N
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
109 625.8 | 10.589 | 476.99- | 504.86-
527.73 525.35
N
O 0 N
=N
NN OH
NH
()
w
N-N
H
110 701.8 4.06 273.13- | 250.33-
HO 317.76 272.27
O
N
0NN, b
N NH
Sy
111 657.76 | 7.529 | 763.16- | 552.96-
§4§ 799.4 565.92
N
(e} o N
="
X\ UN OH 0
)NH\DN\(NH
0
o}
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) IC50 IC50
BAD BAK
(nM) (nM)
112 651.8 8.778 | 964.04- | 696.44-
1033.03 | 875.02
7
x
N
O o N
=
N OH
NH
o Y D
N~NH
113 6499 | 9.358 | 670.6- 562.35-
2 /f 707.59 | 660.4

0

NH OH
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]") | (min) IC50 IC50
BAD BAK
(nM) (nM)
114 699.88 | 1.92 | 61.86- | 57.17-
2 /\/\ 73.06 | 59.92
N 64.11- | 58.28-62
/ ,\N 72.9 52.44-
N
q 50.99- 53.4
N 54.51
Og _NH OH
115 748.9 | 8755 | 203.66- | 153.22-
2 /\/\ 179.65 | 154.36
N -
/R
_N
N~ O
N
Os NH OH
N
4
= o)
\_/
o)
_
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
116 728.88 | 9.391 | 855.72- | 786.45-
0 /\/\ 83933 | 730.68
N L/\
j N
_N
N 0
N
Os. _.NH OH
Z o)
N
117 692.8 9.749 | 88.78- 71.44-
82.11 67.51
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
M+H]) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
118 o 636.8 | 2.584 | 171.36- | 153.36-
OH_(\,(KN/\/\ 163.75 | 138.92
505 N-N ‘\‘\
HN
0
7 N\
N/
119 o 718.9 | 2.884 | 112.41- | 94-98.21
OH _NKN/\/\ 111.06
O N ‘\‘\
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
120 o 781.9 | 2.686 | 731.58- | 559.08-
oH ~(\"/tkN/\/\ 72583 | 494.16
O NN \\\\
HN
o
N
SN OF
121 o 676.8 | 2.950 66.9- 58.54-
OH‘MN/\/\ 61.16 | 5439
O -N
N N ‘\|\
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
122 o 713.9 2.989 325.4- 257.34-
oH _ NN 317.25 | 236.64
P W-N ‘\\\
HN
’/Zco
N
°~
)
G
123 o 672.8 2.875 293.13- 248.68-
339.29 279.35
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
124 ° 7233 | 2.800 | 260.13- | 234.62-
oH \(\'KKN/\/\ 25435 | 215.02
O -N
N"’<‘ fN ‘\|\
HN
0]
Cl
125 o 679.8 | 2.458 88.7- 63.47-
oH \MN/\/\ 102.89 | 77.48
O ~N
NJ(‘ fN K\\
HN
Zao
NH
o)
— N
N\ 4
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H[) | (min) IC50 1C50
BAD BAK
(nM) (nM)
126 o 701.9 | 2.679 | 60.03- 48.82-
OH MN/\/\ 6142 | 5046
O -N
N/li fN ‘\‘\
HN
Zﬁo
0
127 . 755.1 | 3.067 | 131.24- | 106.23-
OHW'\/\/\ 138.46 | 108.15
O -N
NJ(‘ fN ‘\|\
HN
Z;o
0
OC'
cl
cl
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) IC50 IC50
BAD BAK
(nM) (nM)
128 o 6579 | 2.867 | 272.12- | 177.69-
OH _NKN/\/\ 2702 | 177.23
O -N
N’«‘ fN ‘\|\
HN
Zco
C;
129 o 750.8 | 2.722 | 89.54- 70.72-
92.93 77.1

0]
| ;
0]

L

H ‘(\,(“\N/\/\
O \-N ‘\‘\
HNZ‘
S
Cl
cl
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
130 o 691.9 | 2.750 | 61.37- 53.08-
oH WkN/\/\ 60.65 50.23
O \-N ‘\‘\
HN
o
o)
131 o 7447 | 2.761 | 36.62- 30.84-
OH MN/\/\ 27.77 | 23.29
O -N
N N ‘\\\
HN
o
Br Sl
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
132 o 726.8 | 3.128 | 332.47- | 245.63-
OH ~(\”/lkN/\/\ 33841 | 247.94
O ~N
\N N K|\
/
HN
o
/
o
o
.N+O_
o]
133 o 693.9 | 3.097 | 409.55- | 359.62-
OHWKN/\/\ 437.85 | 310.12
O -N
N N ‘\\\
HN
o
0

S
V4
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
134 o 703.8 2.803 | 917.63- | 739.29-
oH ‘(\(‘kN/\/\ 957.71 | 880.59
O -N
N’K‘ fN K\\
HN
0
[I\]/
HN -/
HO
135 674.83 | 8.968 | 139.52- | 111.29-
128.56 107.32
7
S
N
0 N
=N
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) IC50 1C50
BAD BAK
(nM) (nM)
136 695.85 9.065 122.8- 95.45-
119 98.2
HO
N \//h
e} N
=1
A (0]
N
H
O/
/O
137 670.24 9.731 92.69- 74.94-
5 82.99 69.38
N
0 N
=
N\ N OH
Cl

y I
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Example Structure MW HPLC BCL2_ BCL2
(ESI, RT SPR SPR
M +HTH | (mill) IC50 IC50
BAD BAK
(nM) (nM)
138 714.69 9.835 56.15- 43.81-
60.76 52.98
HO
N \/ll,
O o N
=N
A O
N
Br
139 670.24 | 10.031 | 287.36- 194.17-
276.33 192.44
HO
N \//[,
o) N
="
N 0
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H[) | (min) IC50 1C50
BAD BAK
(nM) (nM)
140 o 7159 | 2.991 | 342.98- | 287.39-
OH ‘(\,(U\N/\/\ 31549 | 275.08
O -N
N’«‘ fN ‘\\\
HN
o)
F
141 o 7149 | 2.816 | 2470.56- | 2067.87-
oH \/\,KU\N/\/\ 2634.51 | 1966.27
O -N
N N ‘\\\
HN
o}
J N\
A\
O/O
142 o 655.8 | 2.871 | 1297.06- | 935.33-
OHMN/\/\ 1127.3 | 1117.99
O -N
N N ‘\\\
HN
o
O™\
/O =




PCT/US2012/069273

WO 2013/096060
Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
143 o 791.0 | 2.737 | 455.42- | 425.58-
OH \(W/U\N/\/\ 539.04 | 593.65
O -N
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; |
SN
144 773.8 | 2.912 | 2626.32- | 1350.56-
2748.33 | 1262.46
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) IC50 IC50
BAD BAK
(nM) (nM)
145 S 707.8 | 2.759 | 1666.86- | 1251.19-
OH*MN/\/\ 1671.41 | 1272.61
07\ _N k|\ 1171.55- | 1223.19-
N
b 1222.66 | 963.97
HN
0]
FN / F
146 5 757.9 | 3.227 | 466.76- | 471.05-
OH _(\(KN/\/\ 499.74 | 396.48
O -N
N/«‘ fN k\\
HN
O
0
147 S 704.9 | 2.649 | 380.83- | 315.11-
oH _(\("\N/\/\ 306.12 | 297.72
O -N
N/Q‘ fN ‘\‘\
HN
; EO
N
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
148 736.9 | 3.102 | 618.94- | 595.28-
638.37 597.51
149 o 720.9 | 2.703 | 163.85- | 160.58-
OH _/\'KKN/\/\ 14227 | 161.77
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HN N\
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Example Structure MW HPLC BCL2_ BCL2
(ESI, RT SPR SPR
M +H]Y | (mill) |C50 |C50
BAD BAK
(nM) (nM)
150 o 781.9 2.824 430.59- 597.72-
o W‘\N/\/\ 44413 | 597.29
|
O -N
N N ‘\\\
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o)
=N\ R
/
NN FF
F
151 787.9 2.808 642.64- 361.3-
642.93 369.23
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) IC50 IC50
BAD BAK
(nM) (nM)
152 o 699.9 2.836 348.4- 358.28-
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
155 693.8 2.629 | 971.94- | 935.28-
778.46 728.87

N
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+H]) | (min) IC50 IC50
BAD BAK
(nM) (nM)
157 651.8 8.387 | 80.26- 64.74-
0 /_/_ 93.44 75.29
ANV
/ \
N
\N’ O
N
0. ,NH ©OH
"OH
158 688.23 | 8.837 | 545.97- | 435.78-
0 /_/_ 536.53 500.07
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Example Structure MW HPLC | BCL2_ BCL2_
(ESI, RT SPR SPR
[M+HI) | (min) 1C50 1C50
BAD BAK
(nM) (nM)
159 688.23 | 10.335 | 574.03- | 408.97-
0 /_/_ 596.49 430.05
NIV
/ \
N
N O
N
OH
o) NHF
CI: t
160 660.81 | 8.223 | 229.47- | 180.07-
0 /_/_ 238.09 192.94
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Example Structure MW HPLC BCL2_ BCL2
(ESI, RT SPR SPR
M +HT) [ (mill) IC50 IC50
BAD BAK
(nM) (nM)
161 0 690.35 3.29 3071.55- 1329.44-
oH , N AN 3912.13 1558.77
O -N
N N ‘\|\
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162 0 715.373 1.71 43.54- 36.13-
oH -(\")\N/\/\ 4 44.26 36.81
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e,
163 0 587.347 2.87 689.12- 480.9-
O _/~ NSNS 2 740-03 | 495.44
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[00247] BCL-2 binding can be determined using avariety of known methods. One
such assay is a sensitive and quantitative in vitro binding assay using fluorescence
polarization (FP) described by Wang, J. -L.; Zhang, Z -J.; Choksi, S;; Sam. S;; Lu, Z.; Croce,
C.M.; Alnemri, E. S; Komgold, R.; Huang, Z. Cell permeable BCL-2 binding peptides: a
chemical approach to apoptosis induction intumor cells. Cancer Res. 2000, 60, 1498-1502).

Methods for Determining 1C50s

[00248] The present method includes utility of a Surface plasmon resonance (SPR)-
based biosensor (Biacore™' GE Healthcare, Uppsala, Sweden) to characterize BCL-2 inhibitors.
[00249] Biacore™ utilizes the phenomenon of surface plasmon resonance (SPR) to
detect and measure binding interactions. In atypical Biacore experiment, one of the interacting
molecules (ligand) isimmobilized on aflexible dextran matrix while the interacting partner
(analyte) is allowed to flow across that surface. A binding interaction results in an increase in
mass on the sensor surface and a corresponding direct change in the refractive index of the
medium in the vicinity of the sensor surface. Changes in refractive index or signal are recorded in
resonance units (R.U.) Signal changes due to association and dissociation of complexes are
monitored in anon-invasive manner, continuously and in real-time, the results of which are
reported in the form of a sensorgram.

[00250] The SPR assay is configured to examine solution inhibition of BCL-2 binding

to peptide derivatized sensor surfacesto generate |C50 values as a measure of inhibitor potency.

Solution inhibition assay format:

[00251] Biacore™ A |00 (GE Hedlthcare, Uppsala, Sweden) was used to conduct all
experiments reported herein. Sensor surface preparation and all interaction analyses experiments
were performed a 25°C. Reagents were purchased from GE Healthcare. Running buffer
containing |OmMM Hepes, pH7.4, 150mM sodium chloride, 1.25mM Dithiothreitol, 3% Dimethyl
sulfoxide and 0.05% polysorbate 20 were utilized throughout all analyses.

[00252] Biotinylated BAK, BAD and NOXA peptides were diluted to IOnM in running
buffer and captured onto a sensor surface pre-derivatized with streptavidin (sensor chip SA) to

peptide surface densities in the range 50 - 100 R.U. Peptide captured surfaces were blocked with
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500uM PECvBiIotin. A blank detection spot in each flowcell was similarly blocked with PEO ,-
biotin and served as areference spot in the competition assay.

[00253] Interaction analyses were performed by first equilibrating each sample within a
6 point three fold compound dilution series in the range 16uM to 0.004nM with 56nM BCL-2 for
one hour during instrument start-up procedures. Protein compound mixtures were then injected
over each peptide surface in parallel for 60 seconds at a flow-rate of 30uL/min. 56nM BCL-2
control samples were aso prepared and run &t regular intervals during the assay. Surface
regeneration was performed a the end of each analysis cycle by two 30 second injections of
IOmM Glycine, pH 2.5, 1M Sodium Chloride, 0.05% polysorbate 20. Samples and control
compound samples were run in duplicate and controls are also run at regular intervals during the
assay to monitor surface and assay performance.

[00254] Data analyses are carried out using Biacore™ A100 evaluation software vl.I

to validate assay quality. Binding level report points were used relative to BCL-2 control samples
to calculate %inhibition values for each compound protein mixture. These data are then plotted
versus compound concentration and analyzed in Tibco® Spotfire® v2.1 via logistic regression to
calculate I1C5, values for each compound. The range of data shown in table 1represents the high

and low IC5,, values obtained from multiple experiments.

[00255] It isunderstood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of
this application and scope of the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by reference for al purposes.
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CLAIMS
1. A compound of formulal:
R2
=~ 4
)
e
R~ ;“ N
=N
o N
N
o
H

in which:

Ri  isselected from hydrogen and halo;

R, isselected from hydrogen and Ci_jakyl; wherein R, isin the meta position and Ryisin
the para position relative to the pyrazole ring or R, isin the para position and R;isin the meta
position relative to the pyrazole ring;

R, isselected from hydroxy and -L-R s; wherein L is selected from -NHC(Q)XiO-, -
NHC(0)Xi- and -NHC(0)XiC(0)0-;  wherein X, and X, are independently selected from a
bond and branched or unbranched Ci_,alkylene; wherein said alkylene of Xi or X, can be
unsubstituted or substituted with 1to 2 groups independently selected from methoxy,
carboxy-methyl, methoxy-carbonyl-methyl, methyl-carbonyl-amino, dimethyl-amino-
carbonyl-methyl, cyano-methyl, hydroxy-methyl and phenyl;

R4 isselected from hydrogen, hydroxy, - X;NRgRy, - X;C(0)OR g, - X;0Rg, - X;C(O)NR Ry
and - X ;NR4C(0)Rg, wherein X, is selected from abond and Ci_,alkylene; and Rgand ro are
independently selected from hydrogen, Ci_jakyl and phenyl; or Rgand r9 together with the
nitrogen to which Rgand ro are attached form a5to 7 member saturated ring containing 1to

3 groups or heteroatoms independently selected from C(O), NR, O and S(O), ,; wherein R,

10’
sis selected from hydrogen and C,_,alkyl;
Rs isselected from hydrogen, Ci_galkyl, C, salkenyl, cyclopropyl, imidazo[l,2-

ajpyrimidinyl, methyl-carbonyl-amino, 2-oxo-4-phenylpiperazin-I-yl, imidazo[2,l-b]thiazol-
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6-yl, 4-(2-chlorobenzyl)-3-oxopiperazin-I-yl, imidazo[l,2-a]pyridinyl, benzo[d]isoxazolyl,
naphtho[2, 1-d] [ 1,2,3]oxadiazol-5-yl, |H-pyrrolo[2,3-b]pyridinyl, imidazo[2, 1-b]thiazolyl,
IH-pyrazolo[3,4-b]pyridinyl, benzo[c][l,2,5]thiadiazolyl, 4-0x0-4,5,6,7-
tetrahydrobenzofuranyl, 2-oxo-1,2,3,6-tetrahydropyrimidinyl, 1,2,4-oxadiazolyl, 2,3-
dihydrobenzo[b][l,4]dioxin-2-yl, naphtho[2,3-d][l,3]dioxol-2-yl, 3,4-dihydro-2H-
benzo[b][l,4]oxazin-7-yl, 2,3-dihydrobenzofuran-3-yl, chroman-8-yl, 3-oxo-3H-pyrazolyl,
9H-thioxanthen-9-one 10,10-dioxide, IH-benzo[d][l,2,3]triazole, benzo[c][l,2,5]thiadiazole,
naphtho[2,3-d][l,3]dioxole, benzo[d]isoxazol-3-yl, cyclohexyl-oxy, phenyl-thio, 2,3-
dihydroimidazo[l ,2-a]pyridin-2-yl, 1,4,5,6-tetrahydrocyclopenta[c]pyrazol-3-yl, 3,4-
dihydropyrimidin-2(IH)-one, naphthyl-oxy, naphthyl-thio, adamantly-oxy, 2-oxopyrrolidin-
1-yl, 6-oxo-l,6-dihydropyridazinyl, benzo[b]thiophenyl, benzo[b] furanyl, 2-oxo-I,2-
dihydropyridinyl, 2-oxo- 1,2,5,6,7,8-hexahydroquinolinyl, 4-oxo- 1,4-dihydro- 1,8-
naphthyridinyl, 4-oxo-4H-pyrano[2,3-b]pyridinyl, 10,1 0-dioxido-9-oxo-9H-thioxanthen-3-yl,
5-oxopyrrolidin-3-yl, phenyl, quinolinyl, isoquinolinyl, phenoxy, phenylthio, pyrazolo[l,5-
alpyrimidin-2-yl, IH-pyrazolo[3,4-b]pyridin-3-yl, naphthyl, cyclohexyl, phenethyl, benzoxy,
phenyl-sulfonyl, furanyl, thiazolyl, oxazolyl, isoxazolyl, thienyl, pyrrolyl, quinolin-8-yloxy,
pyrimidinyl, pyridinyl, pyrrolidinyl, pyrrolidinonyl, imidazolidine-2,4-dionyl, piperidinyl,
piperazinyl, pyrazinyl, pyrazolyl, morpholino, oxomorpholino, indolyl, benzo[b]thiophenyl,
benzo[b] furanyl, benzo[d][l,2,3]triazol and oxopiperazinyl; wherein said Ci_galkyl, C,_
sakenyl, cyclopropyl, imidazo[l,2-apyrimidinyl, benzo[d]isoxazolyl, imidazo[l,2-
ajpyridinyl, 4-oxo-4,5,6,7-tetrahydrobenzo furanyl, 2-oxo- 1,2,3,6-tetrahydropyrimidinyl,
imidazo[2,|-b]thiazolyl, [H-pyrrolo[2,3-b]pyridinyl, |H-pyrazolo[3,4-b]pyridinyl, 1,2,4-
oxadiazolyl, benzo[c][l,2,5]thiadiazolyl, 9H-thioxanthen-9-one 10,10-dioxide, 1H-
benzo[d][l,2,3]triazole, benzo[c][l,2,5]thiadiazole, naphtho[2,3-d][l,3]dioxole,
benzo[d]isoxazol-3-yl, cyclohexyl-oxy, phenyl-thio, 2,3-dihydroimidazo[l,2-a]pyridin-2-yl,
1,4,5,6-tetrahydrocyclopenta[c]pyrazol-3-yl, 3,4-dihydropyrimidin-2(IH)-one, pyrazolo[l ,5-
alpyrimidin-2-yl, imidazo[2,l-b]thiazol-6-yl, |H-pyrazolo[3,4-b]pyridin-3-yl, naphthyl,
cyclohexyl, phenethyl, 2-oxopyrrolidin-l-yl, 2,3-dihydrobenzo[b][l,4]dioxin-2-yl,
naphtho[2,3-d][l,3]dioxol-2-yl, 3,4-dihydro-2H-benzo[b][l,4]oxazin-7-yl, 2,3-
dihydrobenzofuran-3-yl, chroman-8-yl, 3-oxo-3H-pyrazolyl, 6-oxo-l,6-dihydropyridazinyl, 2-
oxo- 1,2-dihydropyridinyl, 2-oxo- 1,2,5,6,7,8-hexahydroquinolinyl, 4-oxo- 1,4-dihydro- 1,8-
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naphthyridinyl, 4-oxo-4H-pyrano[2,3-b]pyridinyl, 10,1 0-dioxido-9-ox0-9H-thioxanthen-3-yl,
5-oxopyrrolidin-3-yl, phenyl, quinolinyl, isoquinolinyl, phenoxy, benzoxy, phenoxy-methyl,
phenylthio, phenyl-sulfonyl, furanyl, thiazolyl, oxazolyl, isoxazolyl, thienyl, pyridinyl,
pyrrolyl, quinolin-8-yloxy, pyrrolidinyl, pyrimidinyl, pyrrolidinonyl, piperazinyl, piperidinyl,
pyrazinyl, pyrazolyl, morpholino, oxomorpholino, indolyl, benzo[d][l,2,3]triazol or
oxopiperazinyl of Rs isunsubstituted or substituted with 1to 3 groups independently selected
from halo, cyano, nitro, -NR ¢R,, Ci_,alkyl, halo-substituted-Ci_,akyl, Ci_jakoxy, halo-
substituted-Ci_4alkoxy, halo-substituted-Ci_4alkylthio, -C(0)OR6, ,-X30R6, -C(O)R , -
C(O)NR6R 7, -NR6S(0) X 3R7, - X NRsC(O)R 7, -S(O) ¢-,R6, -S(O) ;-NRsR7, phenyl, benzyl,
piperidinyl, pyrrolidinyl, morpholino, morpholino-methyl, 1,2,4-oxadiazolyl, pyrazolyl,
phenoxy, indolyl, (IH-1,2,4-triazolyl)methyl ~and benzoxy; wherein R, and R; are
independently selected from hydrogen, Ci_jalkyl, C,; gcycloakyl, pyridinyl, phenyl, benzyl
and naphthyl; wherein said phenyl, pyridinyl, benzyl, morpholino, morpholino-methyl, 1,3-
dioxoisoindolinyl, 1,2,4-oxadiazolyl, pyrazolyl, indolyl and benzoxy substituents of Rs or
said pyridinyl and phenyl of R¢ or R; can be unsubstituted or further substituted with 1to 2
groups independently selected from halo, nitro, amino-sulfonyl, Ci_,akyl, Ci_jalkoxy and
halo-substituted-Ci_,alkyl; wherein X is selected from abond and Ci_,alkylene; or the
pharmaceutically acceptable salt thereof; with the proviso that compounds of formula | do not
include the four compounds where Ri is hydrogen, R, ishydrogen and R, is selected from -
NHC(0)-phenyl, -NHC(O)CH ,-phenyl, -NHC(0)CH ,0-phenyl and -NHC(O)CH ,S-phenyl.

2. The compound of claim 1of formula la:
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H
N X1\
T R5
(0]
R, / ;"
—=N
0) N
N R
o 4

(la)

in which:

Ri  issdected from hydrogen and halo;

R, isselected from hydrogen and Ci_,alkyl;

R4 isselected from hydroxy and amino;

Rs isselected from Ci_galkyl, C, cakenyl, cyclopropyl, imidazo[l,2-alpyrimidinyl, 2-oxo-
4-phenylpiperazin- 1-yl, methyl-carbonyl-amino, 4-(2-chlorobenzyl)-3 -oxopiperazin- 1-yl,
imidazo[l,2-a]pyridinyl, 2-oxo-1,2,3,6-tetrahydropyrimidinyl, |H-pyrrolo[2,3-b]pyridinyl,
IH-pyrazolo[3,4-b]pyridinyl, benzo[c][l,2,5]thiadiazolyl, imidazo[2,l-b]thiazol-6-yI,
imidazo[2,|-b]thiazolyl, 2,3-dihydrobenzo[b][l,4]dioxin-2-yl, 9H-thioxanthen-9-one 10,10
dioxide, IH-benzo[d][l,2,3]triazole, benzo[c][l,2,5]thiadiazole, naphtho[2,3-d][l,3]dioxole,
benzo[d]isoxazol-3-yl, cyclohexyl-oxy, phenyl-thio, 2,3-dihydroimidazo[l,2-a]pyridin-2-yl,
1,4,5,6-tetrahydrocyclopenta[ c]pyrazol-3-yl, 3,4-dihydropyrimidin-2(IH)-one, naphthyl-oxy,
naphthyl-thio, adamantly-oxy, naphtho[2,3-d][l,3]dioxol-2-yl, 3,4-dihydro-2H-
benzo[b][l,4]oxazin-7-yl, 1,2,4-oxadiazolyl, 4-ox0-4,5,6,7-tetrahydrobenzofuranyl, 5-
oxopyrrolidin-3-yl, benzo[d]isoxazolyl, 2,3-dihydrobenzofuran-3-yl, chroman-8-yl, 3-oxo-
3H-pyrazolyl, benzo[b]thiophenyl, imidazo[l,2-apyridin-2-yl, benzo[b]furanyl, 6-oxo-l,6-
dihydropyridazinyl, 2-oxo-1,2-dihydropyridinyl, 2-oxo-l,2,5,6,7,8-hexahydroquinolinyl, 4-
oxo- 1,4-dihydro-l ,8-naphthyridinyl, 4-oxo-4H-pyrano[2,3-b]pyridinyl, 10,1 0-dioxido-9-oxo-
9H-thioxanthen-3-yl, phenyl, quinolinyl, isoquinolinyl, phenoxy, pyrazolo[l,5-a]pyrimidin-2-
yl, IH-pyrazolo[3,4-b]pyridin-3-yl, naphthyl, cyclohexyl, phenethyl, benzoxy, phenylthio,

pyrrolyl, quinolin-8-yloxy, phenyl-sulfonyl, furanyl, thiazolyl, oxazolyl, isoxazolyl, thienyl,
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pyridinyl, pyrimidinyl, pyrrolidinyl, imidazolidine-2,4-dionyl, pyrrolidinonyl, piperidinyl,
piperazinyl, pyrazinyl, pyrimidinyl, pyrazolyl, morpholino, oxomorpholino, indolyl,
benzo[d][l,2,3]triazol and oxopiperazinyl;

wherein said Ci_galkyl, C, salkenyl, cyclopropyl, imidazo[l,2-a]pyrimidinyl, imidazo[l,2-
gjpyridinyl, IH-pyrrolo[2,3-b]pyridinyl, benzo[d]isoxazolyl, |H-pyrazolo[3,4-b]pyridinyl,
1,2,4-oxadiazolyl, benzo[c][l,2,5]thiadiazolyl, 9H-thioxanthen-9-one 10,10-dioxide, 1H-
benzo[d][l,2,3]triazole, benzo[c][l,2,5]thiadiazole, naphtho[2,3-d][l,3]dioxole,
benzo[d]isoxazol-3-yl, cyclohexyl-oxy, phenyl-thio, 2,3-dihydroimidazo[l,2-a]pyridin-2-yl,
1,4,5,6-tetrahydrocyclopentd| c]pyrazol-3-yl, pyrazolo[ 1,5-a]pyrimidin-2-yl, imidazo[2, 1-
b]thiazol-6-yl, imidazo[2,I-b]thiazolyl, 4-oxo-4,5,6,7-tetrahydrobenzofuranyl, 2-oxo-l, 2,3,6-
tetrahydropyrimidinyl, 2,3-dihydrobenzo[b] [1,4]dioxin-2-yl, naphtho[2,3-d] [ 1,3]dioxol-2-yl,
3,4-dihydro-2H-benzo[b][l,4]oxazin-7-yl, 2,3-dihydrobenzofuran-3-yl, chroman-8-yl, 3-oxo-
3H-pyrazolyl, 6-oxo-1,6-dihydropyridazinyl, 2-oxo- 1,2-dihydropyridinyl,
benzo[b]thiophenyl, benzo[b]furanyl, 2-oxo-l, 2,5,6,7,8-hexahydroquinolinyl, 4-oxo-l,4-
dihydro-l,8-naphthyridinyl, 4-oxo-4H-pyrano[2,3-b]pyridinyl, 10,10-dioxido-9-oxo-9H-
thioxanthen-3-yl, 5-oxopyrrolidin-3-yl, phenyl, quinolinyl, pyrimidinyl, isoquinolinyl,
phenoxy, imidazo[l,2-a]pyridin-2-yl, |H-pyrazolo[3,4-b]pyridin-3-yl, 3,4-dihydropyrimidin-
2(IH)-one, naphthyl, cyclohexyl, phenethyl, benzoxy, phenoxy-methyl, phenylthio, pyrrolyl,
quinolin-8-yloxy, phenyl-sulfonyl, furanyl, thiazolyl, oxazolyl, isoxazolyl, thienyl, pyridinyl,
pyrrolidinyl, pyrrolidinonyl, piperazinyl, pyrimidinyl, piperidinyl, pyrazinyl, pyrazolyl,
morpholino, oxomorpholino, indolyl, benzo[d][l,2,3]triazol or oxopiperazinyl of Rs is
unsubstituted or substituted with 1to 3 groups independently selected from halo, cyano, nitro,
-NR6R7, Ci_,akyl, halo-substituted-Ci_,alkyl, Ci_jakoxy, halo-substituted-Ci_jalkoxy, halo-
substituted-Ci_jalkylthio, -C(0)ORe, -C(O)Re, -XsORe, -NR6C(O)R ,, -NReS(0) R, -
C(O)NReR ,, -S(0)0- ,R¢, -H(O) ¢ NRsR-, phenyl, benzyl, morpholino, pyrrolidinyl,
piperidinyl, morpholino-methyl, 1,2,4-oxadiazolyl, pyrazolyl, indolyl, (1H-1,2,4-
triazolyl)methyl, phenoxy and benzoxy; wherein R and R, are independently selected from
hydrogen, Ci_jalkyl, c3-scycloalkyl, pyridinyl, pyrrolidinyl, phenyl and naphthyl; wherein
said phenyl, pyridinyl, pyrrolidinyl, benzyl, morpholino, morpholino-methyl, 1,2,4-
oxadiazolyl, pyrazolyl, indolyl and benzoxy substituents of Rs or said pyridinyl and phenyl of
Re or R; can be unsubstituted or further substituted with 1to 2 groups independently selected
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from halo, nitro, amino-sulfonyl, Ci_jalkyl, Ci_jalkoxy and halo-substituted-Ci_ ,alkyl; wherein
X, isselected from abond and Ci_,alkylene; and

Xi  isselected from abond and branched or unbranched Ci_jalkylene; wherein said alkylene
of Xi can be unsubstituted or substituted with 1to 2 groups independently selected from
methyl, carboxy-methyl, methoxy-carbonyl-methyl, dimethyl-amino-carbonyl-methyl, cyano-
methyl, methyl-carbonyl-amino and phenyl;

or the pharmaceutically acceptable salt thereof.

3. The compound of claim 2 in which:

Ri  and R, are hydrogen;

R4 ishydroxy;

Xi issdlected from abond, methylene or ethylene; wherein said methylene or ethylene can
be unsubstituted or substituted with 1to 2 groups independently selected from cyano-methyl,
carboxy-methyl, methoxy-carbonyl-methyl, dimethyl-amino-carbonyl-methyl, methyl-
carbonyl-amino and phenyl;

or the pharmaceutically acceptable salt thereof.

4. The compound of claim 3in which: Rs is selected from Ci_galkyl, C, salkenyl,
imidazo[l,2-a]pyrimidinyl, methyl-carbonyl-amino, 2-oxo-4-phenylpiperazin-I-yl, 4-(2-
chlorobenzyl)-3-oxopiperazin-l-yl, imidazo[l,2-a]pyridinyl, 2-oxo-l, 2,3,6-
tetrahydropyrimidinyl, imidazo[l,2-a]pyridin-2-yl, , imidazo[2,|-b]thiazol-6-yl, pyrazolo[l,5-
alpyrimidin-2-yl, IH-pyrrolo[2,3-b]pyridinyl, |H-pyrazolo[3,4-b]pyridinyl,

benzo[c] [1,2,5]thiadiazolyl, imidazo[2, 1-b]thiazolyl, 2,3-dihydrobenzo[b] [1,4]dioxin-2-yl,
naphtho[2,3-d][l,3]dioxol-2-yl, 3,4-dihydro-2H-benzo[b][l,4]oxazin-7-yl, 1,24-oxadiazolyl,
4-0X0-4,5,6,7-tetrahydrobenzofuranyl, 5-oxopyrrolidin-3-yl, benzo[d]isoxazolyl, 2,3-
dihydrobenzofuran-3-yl, chroman-8-yl, 3-oxo-3H-pyrazolyl, benzo[b]thiophenyl,
benzo[b]furanyl, 6-oxo-l,6-dihydropyridazinyl, 2-oxo-l, 2-dihydropyridinyl, 2-oxo-
1,2,5,6,7,8-hexahydroquinolinyl, 4-oxo- 1,4-dihydro- 1,8-naphthyridinyl, 4-oxo-4H-
pyrano[2,3-b]pyridinyl, 10,10-dioxido-9-oxo-9H-thioxanthen-3-yl, phenyl, quinolinyl,
isoquinolinyl, phenoxy, 9H-thioxanthen-9-one 10,10-dioxide, |H-benzo[d][l,2,3]triazole,
benzo[c][l,2,5]thiadiazole, naphtho[2,3-d][I,3]dioxole, benzo[d]isoxazol-3-yl, cyclohexyl-
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oxy, phenyl-thio, 2,3-dihydroimidazo[l,2-a]pyridin-2-yl, 1,4,5,6-
tetrahydrocyclopenta[c]pyrazol-3-yl, 3,4-dihydropyrimidin-2(IH)-one, naphthyl-oxy,
naphthyl-thio, adamantly-oxy, IH-pyrazolo[3,4-b]pyridin-3-yl, naphthyl, cyclohexyl,
phenethyl, benzoxy, phenylthio, pyrrolyl, quinolin-8-yloxy, furanyl, thiazolyl, oxazolyl,
isoxazolyl, thienyl, pyridinyl, pyrimidinyl, pyrrolidinyl, imidazolidine-2,4-dionyl,
pyrrolidinonyl, piperidinyl, piperazinyl, pyrimidinyl, pyrazinyl, pyrazolyl, morpholino,
oxomorpholino, indolyl, benzo[d][l,2,3]triazol and oxopiperazinyl; wherein said Ci_galkyl,
C, calkenyl, imidazo[l,2-a]pyrimidinyl, imidazol[l,2-a]pyridinyl, IH-pyrrolo[2,3-b]pyridinyl,
benzo[d]isoxazolyl, |H-pyrazolo[3,4-b]pyridinyl, 1,2,4-oxadiazolyl,
benzo[c][l,2,5]thiadiazolyl, imidazo[l,2-a]pyridin-yl, imidazo[2,l-b]thiazolyl, imidazo[2,l-
bJthiazol-6-yl, 4-oxo0-4,5,6,7-tetrahydrobenzofuranyl, 2-oxo- 1,2,3,6-tetrahydropyrimidinyl,
2,3-dihydrobenzo[b][l,4]dioxin-2-yl, naphtho[2,3-d][l,3]dioxol-2-yl, 3,4-dihydro-2H-
benzo[b][l,4]oxazin-7-yl, 2,3-dihydrobenzofuran-3-yl, chroman-8-yl, 3-oxo-3H-pyrazolyl, 6-
oxo-l,6-dihydropyridazinyl, 2-oxo- 1,2-dihydropyridinyl, benzo[b]thiophenyl,

benzo[b] furanyl, 2-oxo-l,2,5,6,7,8-hexahydroquinolinyl,  4-oxo-l,4-dihydro-,8-
naphthyridinyl, 4-oxo-4H-pyrano[2,3-b]pyridinyl, 10,1 0-dioxido-9-oxo-9H-thioxanthen-3-yl,
5-oxopyrrolidin-3-yl, phenyl, quinolinyl, pyrimidinyl, isoquinolinyl, phenoxy, 9H-
thioxanthen-9-one 10,10-dioxide, |H-benzo[d][l,2,3]triazole, benzo[c][l,2,5]thiadiazole,
naphtho[2,3-d][l,3]dioxole, benzo[d]isoxazol-3-yl, cyclohexyl-oxy, phenyl-thio, 2,3-
dihydroimidazo[l,2-a]pyridin-2-yl, 1,4,5,6-tetrahydrocyclopenta|c]pyrazol-3-yl,
pyrazolo[l,5-a]pyrimidin-2-yl, IH-pyrazolo[3,4-b]pyridin-3-yl, 3,4-dihydropyrimidin-2(IH)-
one, naphthyl, cyclohexyl, phenethyl, benzoxy, phenoxy-methyl, phenylthio, pyrrolyl,
quinolin-8-yloxy, phenyl-sulfonyl, furanyl, thiazolyl, oxazolyl, isoxazolyl, thienyl, pyridinyl,
pyrrolidinyl, pyrrolidinonyl, piperazinyl, piperidinyl, pyrazinyl, pyrimidinyl, pyrazolyl,
morpholino, oxomorpholino, indolyl, benzo[d][l,2,3]triazol or oxopiperazinyl of Rsis
unsubstituted or substituted with 1to 3 groups independently selected from methyl, halo,
methyl-carbonyl-amino, hydroxy, cyclohexyl-amino, carboxy, methyl-carbonyl, isopropyl,
trifluoromethyl, amino, nitro, ethyl, isopropyl, methoxy, t-butoxy-amino, methyl-sulfanyl,
amino-sulfonyl, dipropyl-amino-sulfonyl, cyano, trifluoromethyl-sulfanyl, trifluoromethoxy,
t-butyl, t-butyl-carbonyl-amino, methoxy-methyl, phenyl, pyrrolidinyl, benzyl, morpholino,
piperidinyl, morpholino-methyl, 1,2.4-oxadiazolyl, pyrazolyl, indolyl, (1H-1,2,4-
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triazolyl)methyl, 2-oxo-pyrrolidin-I-yl, phenoxy and benzoxy; wherein said phenyl, benzyl,
morpholino, piperidinyl, pyrrolidinyl, morpholino-methyl, 1,2,4-oxadiazolyl, pyrazolyl,
indolyl, (IH-1,2,4-triazolyl)methyl, phenoxy or benzoxy can be unsubstituted or further
substituted with 1to 2 groups independently selected from methyl, methyl-carbonyl,
methoxy, halo, amino, amino-sulfonyl and ethoxy;

or the pharmaceutically acceptable salt thereof.

5. The compound of claim 4 selected from:
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6. A pharmaceutical composition comprising a compound of clam 1 or a pharmaceutically

acceptable salt thereof, and at least one pharmaceutically acceptable carrier.

7. A method of treatment comprising administering a compound of clam 1, or a
pharmaceutically acceptable salt thereof, to a person in need of such treatment in an effective

amount for the prophylactic or therapeutic treatment of a disease or disorder which is mediated by

the activity of BCL-2.

8. The method of claim 7, wherein the disease or disorder mediated by the activity of BCL-2 isa

cancer selected from prostrate, hormone resistant prostrate, breast, non-small cell lung, small cell

lung, colorectal, melanoma, head, neck and pancrestic.
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9. A compound of claim 1 or salt thereof for use in the treatment of a disorder or a disease
mediated by the activity of BCL-2.

10. Use of a compound of claim 1 or salt thereof for the manufacture of a medicament for the

treatment of a disorder or adisease in a subject mediated by the activity of BCL-2.

11. A compound of claim 1or sat thereof in combination with one or more therapeutically active

agents.



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/069273
A. CLASSIFICATION OF SUBJECT MATTER
INV. C07D401/10 C07D401/14 C07D405/14 C07D409/14 C07D413/14
C07D417/14 C07D471/Q4 C07D487/04 C07D513/G2 A61K31/4725
A61K31/513 A61K31/519 A61K31/506 A61K31/501 A61P35/00

According to International Patent Classification (IPC) orto both national classification and IPC

B. FIELDS SEARCHED

C07D A61K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal , WPI Data, CHEM ABS Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X PORTER J ET AL: "Tetrahydroi soqui nol ine 1-7,9 ,10
amide substi tuted phenyl pyrazoles as
selective Bel -2 inhibi tors"
BIOORGANIC & MEDICINAL CHEMISTRY LETTERS,
PERGAMON , ELSEVIER SCIENCE, GB,
vol . 19, no. 1, 2009, pages 230-233,
XP025816913,
ISSN : 0960-894X, DOI :
10. 1016/J .BMCL.2008. 10. 113
[retri  eved on 2008-10-31]
Y the whole document 8,11
Y Wo 2006/023778 A2 (UNIV MICHIGAN [US] ; 8,11
WANG SHAOMENG [US] ; WANG GUOPING [US] ;
TANG GUOZHI) 2 March 2006 (2006-03-02)
claims 1, 15-28; tabl es 2, 4; compound
TM191
paragraphs [0001] , [0078] , [0080]

Further documents are listed inthe continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

“L" document which may throw doubts on priority claim(s) orwhich is
cited to establish the publication date of another citation or other
special reason (as specified)

"0" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle ortheory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

26 March 2013

Date of mailing of the international search report

22/04/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Kri sche, Detlef

Form PCT/ISA/210 (second sheet) (April 2005)




International application No.
INTERNATIONAL SEARCH REPORT PCT/US2012/069273
Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

.

Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

, U

Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

s U

Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. O As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. m As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. [ 1as only some of the required additional search fees were timely paid by the applicant, this international search report covers
'—" only those claims for which fees were paid, specifically claims Nos. :

4. | No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest [ 1 The additional search fees were accompanied by the applicant's protest and, where applicable, the
'—' payment of a protest fee.

[ Tthe additional search fees were accompanied by the applicant's protest but the applicable protest
'—'fee was not paid within the time limit specified in the invitation.

_I _INo protest accompanied the payment of additional search fees.

Form PCT/ISA/21 0 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ US2012/ 069273

FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

Thi s Internati onal Searchi ng Authori ty found multiple (groups of)
inventi ons in thi s internati onal applicati on, as fol lows:

1. claims: 1, 6-11(al 1 parti ally)

A compound of formul a | with r3 = hydroxy and composition,
method, use and combinati on rel ati ng to it.

2. claims: 1, 5-11 (al 1 parti ally)

A compound of formul a | with r3 = -NHC(0)XI-0-R5 and
composi tion, method, use and combinati on rel ati ng to it.

3. claims: 2-4(compl etely) ; 1, 5-ll (parti ally)

A compound of formul a | with rs = -NHC(0)X1-R5 and
composi tion, method, use and combinati on rel ati ng to it.

4. claims: 1, 5-11 (al 1 parti ally)

A compound of formul a I with r3 = -NHC(0)X1-C(0)0-R5 and
composi tion, method, use and combinati on rel ati ng to it.




INTERNATIONAL SEARCH REPORT

International application No
Information on patent family members

PCT/US2012/069273
Patent document Publication Patent family Publication
cited in search report date member(s) date
wo 2006023778 A2 02-03 -2006 AU 2005277223 Al 02-03 -2006
BR Pl Q514504 A 10-06-2008
CA 2577752 Al 02-03 -2006
JP 2008511548 A 17-04-2008
KR 20070046180 A 02-05 -2007
us 2006084647 Al 20-04-2006
W0 2006023778 A2 02-03 -2006

Form PCT/ISA/210 (patent family annex) (April 2005)



	abstract
	description
	claims
	wo-search-report

