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A BENZOIC ACID DERIVATIVE MDM2 INHIBITOR FOR THE TREATMENT OF
CANCER

FIELD OF THE INVENTION

The present invention relates a MDM?2 inhibitor that is useful as therapeutic agent,
particularly for the treatment of cancers. The invention also relates to pharmaceutical

compositions that contain the MDM?2 inhibitor.

BACKGROUND OF THE INVENTION

Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common
general knowledge in the field.

p53 is a tumor suppressor and transcription factor that responds to cellular stress by
activating the transcription of numerous genes involved in cell cycle arrest, apoptosis,
senescence, and DNA repair. Unlike normal cells, which have infrequent cause for p53
activation, tumor cells are under constant cellular stress from various insults including hypoxia
and pro-apoptotic oncogene activation. Thus, there is a strong selective advantage for
inactivation of the p53 pathway in tumors, and it has been proposed that eliminating p53
function may be a prerequisite for tumor survival. In support of this notion, three groups of
investigators have used mouse models to demonstrate that absence of p53 function is a
continuous requirement for the maintenance of established tumors. When the investigators
restored p53 function to tumors with inactivated p53, the tumors regressed.

p53 is inactivated by mutation and/or loss in 50% of solid tumors and 10% of liquid
tumors. Other key members of the p53 pathway are also genetically or epigenetically altered in
cancer. MDM?2, an oncoprotein, inhibits p53 function, and it is activated by gene amplification
at incidence rates that are reported to be as high as 10%. MDM2, in turn, is inhibited by
another tumor suppressor, pl14ARF. It has been suggested that alterations downstream of p53
may be responsible for at least partially inactivating the p53 pathway in pS3WT tumors (p53
wildtype). In support of this concept, some pS3WT tumors appear to exhibit reduced apoptotic
capacity, although their capacity to undergo cell cycle arrest remains intact. One cancer
treatment strategy involves the use of small molecules that bind MDM?2 and neutralize its
interaction with p53. MDM?2 inhibits p53 activity by three mechanisms: 1) acting as an E3

ubiquitin ligase to promote p53
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degradation; 2} binding to and blocking the p53 transcriptional activation domain; and 3
> g , F

exporting pS3 from the nucleus to the cytoplasm. Al three of these mechanisms would

be blocked by neutralizing the MDM2-p33 interaction. o particular, this therapeutic
) £ £ 2 I

. ) ) ~WT . ..
strategy could be applied to tumors that are p53° ', and studies with small molecule

vivo, Further, in patients with p53-inactivated tumors, stabilization of wildtype pS3 in
normal tissues by MDM2 inhibition nmight allow selective protection of normal tissues

from mitotic poisons.

5 MDM2 inhibitors have yielded promising reductions in tumor growth both in vitro and in

The present invention relates to a compound capable of inhibiting the interaction

10 between p33 and MDM2 and activating p53 downstream effector genes. As such, the
P gp g

compound of the present mvention would be useful in the treatment of cancers, bacterial

infections, viral infections, ulcers and inflammation. In particular, the compound of the

present invention is useful to treat solid tumors such as: breast, colon, lung and prostate

tumors; and liquid tumors such as lvmiphomas and leukeniias. As used herein, MDIM2Z
15 means a human MDM2 protein and p33 means a human p33 protein. It is noted that

human MDM?Z2 can also be referred to as HDIMZ or hMIDM?2,

SUMMARY OF THE INVENTION

In embodiment 1, the present invention provides the compound

o]

(0]

S| HN

OH

or a pharmaccutically acceptable salt thereof.

In embodiment 2, the present invention provides the compound
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In embodiment 3, the present invention provides pharmaceutical compositions
comprising a compound of any one of crabodiments 1 or 2, and a pharmaceutically

acceplable exipient.

fu erabodiment 4, the present invention provides methods of treating cancer ina
subject in need thereof, the methods comprising administering to the subject an effective

dosage amount of a compound according to any one of embodiments 1 to 2,

In erabodiment 5, the present invention provides methods of embodiment 4,
wherein the cancer is selected from bladder, breast, colon, rectum, kidney, liver, small
cell lung cancer, non-stuall-cell lung cancer, csophagus, gall-bladder, ovary, pancreas,
stomach, cervix, thyroid, prostate, skin, acate lymphocytic leukenia, chronic
myclogenous leukemia, acute lymphoblastic leukemia, B-cell lymphoma, T-cell-
tymphorma, Hodglan's lymphoma, nou-Hodgkiu's ymaphoma, hawry cell lymphoma,
Burkett's lymphoma, acute or chronic myclogenous leukemia, melanoma, endometrial

cancer, head and neck cancer, glioblastoma, or osteosarcoma,

In erabodiment 6, the present invention provides methods of embodiment 4,

wherein the cancer is bladder cancer.

In embodiment 7, the present invention provides methods of embodiment 4,

wherein the cancer is breast cancer.
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In embodiment §, the present invention provides methods of embodiment 4,

wherein the cancer 1s colon cancer,

In erabodiment 9, the present invention provides methods of embodiment 4,

5 wherein the cancer is rectuny cancer.

In embodiment 10, the present invention provides methods of embodiment 4,

wherein the cancer is kidney cancer.

10 In embodiment ! 1, the present invention provides methods of embodiment 4,

wherein the cancer is liver cancer.,

In erabodiment 12, the present invention provides methods of erabodiment 4,

wherein the cancer is small cell ung cancer.

In embodiment 13, the present invention provides methods of embodiment 4,

wherein the cancer is non-small-cell lung cancer.

In embodiment 14, the present invention provides methods of embodiment 4,

20 wherein the cancer 1s esophagus cancer,

In erabodiment 15, the present invention provides methods of erabodiment 4,

wherein the cancer is gali-bladder cancer.

25 In embodiment 16, the present invention provides methods of embodiment 4,

wherein the cancer is ovary cancer.

In embodiment 17, the present invention provides methods of embodiment 4,
wherein the cancer is pancreas cancer,

30
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In embodiment 1§, the present invention provides methods of embodiment 4,

wherein the cancer 1s stomach cancer.

In erabodiment 19, the present invention provides methods of erabodiment 4,

5 wherein the cancer is cervix cancer.

In embodiment 20, the present invention provides methods of embodiment 4,

wherein the cancer is thyroid cancer.

10 In embodiment 21, the present invention provides methods of embodiment 4,

wherein the cancer is prostate cancer.

In erabodiment 22, the present invention provides methods of erabodiment 4,

wherein the cancer is skin cancer.

In embodiment 23, the present invention provides methods of embodiment 4,

wherein the cancer is acute lymphocytic leukemia,

In embodiment 24, the present invention provides methods of embodiment 4,

20 wherein the cancer is chronic myclogenous leukemia.

In erabodiment 25, the present invention provides methods of erabodiment 4,

wherein the cancer is acute lymphoblastic leukemia.

25 In embodiment 26, the present invention provides methods of embodiment 4,

wherein the cancer is B-cell lymphoma,

In embodiment 27, the present invention provides methods of embodiment 4,
wherein the cancer 1s T-cell-lymphoma.

30
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In embodiment 28, the present invention provides methods of embodiment 4,

wherein the cancer 1s Hodglan's lymiphorua.

In erabodiment 29, the present invention provides methods of erabodiment 4,

5 wherein the cancer is non~-Hodgkin's bymphoma.

In embodiment 30, the present invention provides methods of embodiment 4,

wherein the cancer is hairy cell bymphoma.

10 In embodiment 31, the present invention provides methods of embodiment 4,

wherein the cancer is Burkett's lvmphoma.
Yoy

In erabodiment 32, the present invention provides methods of erabodiment 4,

wherein the cancer is acute myelogenous leukemia.

In embodiment 33, the present invention provides methods of embodiment 4,

wherein the cancer is chronic myelogenous leukemia.

In embodiment 34, the present invention provides methods of embodiment 4,

20 wherein the cancer is melanoma,

In erabodiment 35, the present invention provides methods of erabodiment 4,

wherein the cancer is endometrial cancer,

25 In embodiment 36, the present invention provides methods of embodiment 4,

wherein the cancer is head and neck cancer.

In embodiment 37, the present invention provides methods of embodiment 4,
wherein the cancer 1s glioblastoma.

30
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In embodiment 38, the present invention provides methods of embodiment 4, wherein

the cancer is osteosarcoma.

In embodiment 39,the present invention provides methods of any one of embodiments 4

or 6 to 38, wherein the cancer is identified as p53 wildtype.

DETAILED DESCRIPTION OF THE INVENTION

According to a first aspect, the present invention provides the compound

O

(o]

QU] HN

Cl F

or a pharmaceutically acceptable salt thereof

According to a second aspect, the present invention provides the compound

O

(o]

QU] HN

OH

X

cl 3

According to a third aspect, the present invention provides a pharmaceutical
composition comprising a compound of the invention, and a pharmaceutically acceptable
exipient.

According to a fourth aspect, the present invention provides a method of treating cancer
in a subject in need thereof, the method comprising administering to the subject an effective
dosage amount of a compound according to the invention.

According to a fifth aspect, the present invention provides the use of the compound of

the invention in the manufacture of a medicament for the treatment of cancer.
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The present invention provides a MDM?2 inhibitor that is useful as therapeutic agent,
particularly for the treatment of cancers. The invention also relates to pharmaceutical
compositions that contain the MDM2 inhibitor.

The symbol "-" represents a covalent bond and can also be used in a radical group to
indicate the point of attachment to another group. In chemical structures, the symbol is
commonly used to represent a methyl group in a molecule.

The term "comprising" is meant to be open ended, including the indicated component
but not excluding other elements.

The term "therapeutically effective amount" means an amount of a compound that
ameliorates, attenuates or eliminates one or more symptom of a particular disease or condition,
or prevents or delays the onset of one of more symptom of a particular disease or condition.

The terms "patient" and “subject”may be used interchangeably and mean animals, such
as dogs, cats, cows, horses, sheep and humans. Particular patients are mammals. The term
patient includes males and females.

The term "pharmaceutically acceptable” means that the referenced substance, such as a
compound of the present invention, or a salt of the compound, or a formulation containing the
compound, or a particular excipient, are suitable for administration to a patient.

The terms "treating", "treat" or "treatment" and the like include preventative (e.g.,
prophylactic) and palliative treatment.

The term “excipient” means any pharmaceutically acceptable additive, carrier, diluent,
adjuvant, or other ingredient, other than the active pharmaceutical ingredient (API), which is

typically included for formulation and/or administration to a patient.

7a
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The compound of the present invention is administered to a patient in a
therapeutically effective amount. The compound can be admimstered alone or as part of a
pharmaceutically acceptable composition or formulation. In addition, the compound or
compositions can be adnunistered all at once, as for example, by a bolus injection,
nmultiple times, such as by a series of tablets, or delivered substantially untformly over a
periad of timne, as for example, using transdermal delivery, 1t is also noted that the dose of
the compound can be varied over time.

In addition, the compound of the present invention can be administered alone or
in combination with other pharmaceutically active compounds. The other
pharmaceutically active compounds can be intended to treat the same disease or condition
as the compound of the present invention or a different disease or condition, If the patient
is to recetve or s receiving multiple pharmaceutically active compounds, the compounds
can be adnunistered simultancously, or sequentially. For example, 1n the casc of tablets,
the active compounds may be found in one tablet or in separate tablets, which can be
administered at once or sequentially in any order. In addition, it should be recognized that
the compositions may be differcut forms. For exarniple, oue or roore compound may be
delivered via a tablet, while another is administered via injection or orally as a syrup. All
combinations, delivery methods and adwministration sequences are contemplated.

The term "cancer” means a physiological condition in mammals that is
characterized by unregulated cell growth. General classes of cancers include carcinomas,
fymphomas, sarconias, and blastomas.

The compound of the present invention can be used to treat cancer, The methods
of treating a cancer comprise administering to a patient in need thereof a therapeutically
effective amount of the compound, or a pharmaceutically acceptable salt thereof.

The compound of the present wnvention can be used to treat tumors. The methods
of treating a tumor comprise adnmunistering to a patient in need thereof a therapeutically
effective amount of the compound, or a pharmaceutically acceptable salt thereof,

The invention also concerns the use of the compound of the present invention in
the manufacture of a medicament for the treatment of a condition such as a cancer.

Cancers which may be treated with compounds of the present invention include,

without limitation, carcinomas such as cancer of the bladder, breast, colon, rectum,
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kidney, liver, lung (small cell lung cancer, and non-small-cell lung cancer), esophagus,
gall-bladder, ovary, pancreas, stomach, cervix, thyroid, prosiate, and skan (including
squanmous cell carcinoma); hematopoietic tumors of lymphoid lineage (including
feukemia, acute lymphocytic leukerma, chronic myclogenous leukemuia, acute
bvmphoblastic feukemia, B-cell tymphoma, T-cell-lymphoma, Hodgkin's lymphoma, non-
Hodgkin's lymphoma, hairy cell lymphoma and Burkett's lymphorua); hermatopoietic
tumors of rayeloid hineage (including acute and chronic myelogenous leukenmas,
myclodysplastic syndrome and promyelocytic leukemia); tumors of mesenchymal origin
(including fibrosarcoma and rhabdomyosarcoma, and other sarcomas, e.g., soft tissue and
bone}); tumors of the central and peripheral nervous system (inchuding astrocytoma,
neuroblastoma, ghioma and schwannomas); and other tumors (including melanoma,
seminoma, teratocarcinonia, osteosarcoma, xenoderoma pigmentosum, keratoctanthoma,
thyroid follicular cancer and Kapost's sarcoma). Other cancers that can be treated with
the compound of the present invention include endometrial cancer, head and neck cancer,
glioblastoma, malignant ascites, and hematopoietic cancers.

Particular cancers that can be treated by the compounds of the present invention
mchude soft tissue sarcomas, bone cancers such as osteosarcoma, breast tumors, bladder
cancer, Li-Fraumeni syndrome, bram tumors, rthabdomyosarcoma, adrenocortical
carcinoma, colorectal cancer, non-small cell hung cancer, and acute mycleogenous
leukemia (AML),

In a particular embodiment of the invention that relates to the treatment of
cancers, the cancer is identified as p53wildtype (p33" ). In another particular
embodiment, the cancer is identified as p53" and CDKN2ZA mutant. In another aspect,
the present invention provides a diagnostic for determining which patients should be
administered a compound of the present inveuntion. For example, a sample of a paticut’s
cancer cells may be taken and analyzed to determine the status of the cancer cells with
respect to p53 and/or CDEN2A. Tn one aspect, a patient having a cancer that is pS3™'
will be selected for treatment over patients having a cancer that 1s mutated with respect to

P33, In another aspect, a patient having a cancer that is both p33"

" and has a mutant
CIINK2A protein is selected over a patient that does not have these characteristics. The

taking of a cancer cells for analyses 1s well known to those skilled in the art. The torm
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“p53""” means a protein encoded by gonomic DNA sequence no. NC_000017 version 9
{(7512445..7531642}GenBank); a protein encoded by ¢DNA sequence no. NM_ 000546
{GenBaunk}; or a protein having the GenBank seguence no. NP_(00537.3. The term
“CDNKZ2A mutant” means a CDNKZ2A protein that in not wildtype. The term “CDENZA
wildtype” means a protein encoded by genomic INA sequence no. 921957751
21984490 (Eusembl ID}); a protein encoded by ¢DNA sequence no. NM_000677
{GenBauk) or NM_(58195 0GenBank) or; or a protewn having the GenBank sequence no.
NP 000068 or NP_478102.

The compounds of the present nvention can also be used to treat
hyperproliferative disorders such as thyroid hyperplasia (especially Grave's discase}, and
cysts {such as hypervascularity of ovarian stromua, characteristic of polycystic ovarian
syndrome {Stein- Leventhal syndrome}).

The compound of the present invention can also be used to treat the following
diseases or conditions: asthma, chronic obstructive pulmonary disease (COPD),
emphysema, psoriasis, contact dermatitis, conjunctivitis, allergic rhinitis, systemic hupus
erythematosus (SLE}, vleerative colitis, Crohn’s disease, multiple sclerosis, rheuwmatoid
arthritis, inflammatory bowel disease, Alzheimer’s disease, atherosclerosis and
Huntington’s disease.

The compound of the present invention can aiso be used to treat inflammatory
diseases, hypoxia, ulcers, viral infections, bacterial infections, and bactenial sepsis.

The compound of the present invention, or the pharmaceutically acceptable salts
thereof, may also be admimistered i combination with one or more additional
pharmaceutically active compounds/agents. In a particular embodiment, the additional
pharmaceutically active agent is an agent that can be used to treat a cancer. For example,
an additional pharmaceutically active agent can be selected from antineoplastic agents,
anti-angiogenic agents, chemotherapentic agents and peptidal cancer therapy agents. In
yet another erabodiment, the antineoplastic agents are selected from antibiotic-type
agents, alkylating agents, antimetabolite agents, hormonal agents, immunological agents,
interferon-type agents, kinase inhibitors, miscellancous agents and combinations thercof.

1t is noted that the additional pharmaceutically active compounds/agents may be a

10
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traditional small organic chemical molecules or can be macromolecules such as a
proteins, antibodies, peptibodies, DNA, RNA or fragments of such macromolecules.

Examples of specific pharmaceutically active agents that can be used in the
treatiment of cancers and that can be used in combination with one or more compound of
the present invention include: methotrexate; tamoxifen; fluorouracil; S-fluorouracii;
hydroxyurea; mercaptopuring; cisplating carboplating daunorubicin; doxorubicin;
etoposide; vinblastine; vineristine; pacitaxel; thioguanine; idarabicin; dactinomycin;
imatinib; gemcitabing; altretamine; asparaginase; bleomycin; capecitabine; carmusting;
cladisat. ag. NaCl solution; cyclophosphamine; cytarabine; decarazine; docetaxel;
idarubicin; itosfamide; irinotecan; fludarabine; mitosmycin; mitoxane; mitoxantrone;
topotecan; vinoreibine; adnamycin; mithram; imiguimod; alemtuzmab; exemestane;
bevacizumab; cetuximab; azacitidine; clofarabine; decitabine; desatinib; dexrazoxane;
docetaxel; epirubicin; oxaliplatin; erlotinib; raloxifene; fulvestrant; letrozole; gefitinib;
gemituzumab; trastuzumab; gefitinib; ixabepilone; lapatinib; lenalidomide; aminolevulinic
acid; temozolomide; nelarabine; sorafenib; nilotinib; pegaspargase; pemetrexed;
rituximab; dasatinib; thalidomide; bexarotene; temsirolimus; bortezomib; vorinostat;
capecitabine; zoledronic acid; anastrozole; sunitintb; aprepitant and nelarabine, ora
pharroaceutically acceptable salt thereof.

Additional pharmaceutically active agents that can be used in the treatment of
cancers and that can be used 1n combination with the compound of the present invention
inchude: vascular endothelial growth factor (VEGF) inhibitors, hepatocyte growth
factor/scatter factor (HGF/SF) inhibitors, angiopoictin 1 and/or 2 mhibitors, tumor
necrosis factor-related apoptosis-inducing ligand {TRAIL ) agonists, recombinant human
apo2 ligand (TRAIL), insulin-like growth factor 1 receptor (IGFR-1} mhibitors, cFMS
inhibitors, HER 2 inhibitors, c-met inhibiiors, aurora kinase inhibitors, CDK 4 and/or 6
ihibitors, and B-raf inhibitors.

Further additional pharmaceutically active agents that can be used in the treatruent
of cancers and that can be used in combination with the compound of the present
invention include antibody drug conjugates {ADCs) whereby an antibody that binds to a
protein, preferably on a cancer cell, is conjugated using a linker with a chemical

compound that 1s detrirnental to the cancer cell. Exaraples of chemical compounds that

It
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are detrimental to a cancer cell include maytansinoids derivatives and auristatin
derivatives,

Still further additional pharmaceutically active agents that can be used in the
treatrment of cancers and that can be used in combination with the compound of the
present invention include: epoetin alfa; darbepoetin alfa; panitumumab; pegfilgrasting;
palifermin; filgrastim; denosumab; ancestingy, AMG 102; AMG 319; AMG 386; AMG
479 {Ganitumab); AMG 5311, AMG 900, AMG 655 (Conatumumab); AMG 745, AMG
951; and AMG 706 (Motesanib), or a pharmaceutically acceptabie salt thereof.

fu another aspect, the present mvention relates to the use of the compound of the
present invention in combination with one or more pharmaceutical agent that is an
inhibitor of a protein in the phosphatidylinositol 3-kinase (PI3K) pathway. Combinations
of compounds of the present invention along with inhibitors of proteins in the PI3K
pathway have shown synergy in cancer cell growth assays, including enhanced apoptosis
and cell killing, Examples of proteins in the PI3K pathway include PI3K, mTOR and
PKB (also known as Akt). The PI3K protein exists in several isoforms including «, B, &,
ory. It is contemplated that a PI3K inhibitor that can be used i combination with a
compound of the present invention can be selective for one or more isoform. By
sclective it 1s meant that the compounds inhibit one or more isoform more that other
isoforms. Selectivity is a concept well kuown to those is the art and can be measured
with well known activity in vitro or cell-based assays. Preferred selectivity includes
greater than 2-fold, preferably 10-fold, or more preferably 100-fold greater selectivity for
one or more isoform over the other isoforms. In one aspect, the PI3K inhibitors that can
be used in combination with compounds of the present mvention 18 a PI3K ¢ selective
inhibitor, In another aspect the compound is a P13K 6 selective mhibitor.

Examples of PI3K inhibitors that can be used in combination with one or more
compounds of the present invention include those disclosed 1n the following: PCT
published application no. WO2010/151791; PCT published application no.
WO2Z010/151737; PCT published application no. WO2010/151735; PCT published
application no. WO2010151740; PCT published application no. WOZ008/118455; PCT
published application no. W(O2008/118454; PCT published application no.
WO2008/118468; U5, published application no. US20100331293; U.S. published

12
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application no. US20100331306; U.S. published application no, US20090023761; U.S.
published application no. US20090030002; U.S. published apphication no.
US20090137581:1.8. published application no. US2009/0054405; U.S. published
application no. U.S. 2009/0163489; U.S. published application no. US 2010/0273764;
5 U.S. published application no. U.S. 2011/8092504; or PCT published application no.
WO2010/108074,
Preferred PI3K wmhnbitors for use 1n combination with the compound of the

present invention include:

10
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. or a pharmaceutically acceptable salt thereof.

Also preferred is a compound of Formula {fa below, or a pharmaceutically

5 acceptable salt thereof,

X! v! 7!
ch/ ° Z | Nl X N
0
AN N G k/”\!/c'*?’

" I

0
N |N
)\ )\
HaC N NH,

lla
wherein X' is fluorine or hydrogen;Y' is hydrogen or methyl; and Z' is hydrogen or
methyl.
Compounds that inhibit both PI3K and mTOR (dual inhibitors) are known. In
10 still another aspect, the present juvention provides the use of dual PI3K and i TOR
inhibitors for use in combination with the compound of the present invention.
mTOR is a protein in the PI3K pathway. It is another aspect of the present
invention to use an wy TOR inhibitor in combination with the compound of the present
invention. mTOR inhibitors that can be used in combination with the compound of the
15 present invention include those disclosed in the following documents: PCT published
application no. WO2010/132598 or PCT published application no. WO2010/0963 14,
PKEB (Akt) is also a protein in the PI3K pathway. Itis another aspect of the

present invention to use an mTOR mhibitor in combination with the compound of the

14
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present invention. PKB inhibitors that can be used in combination with the compound of
the present invention include those disclosed 1n the following documents: U.S. pateunt no.
7,354,844; 1.5, patent no. 7.700,636; U.S. patent no. 7,919,514; U.S. patent no.
7,514,566; U.S, patent application publication no. US 2009/0270445 A1; U.S, patent no.
7,919,504; U.S. patent no. 7,897,619; or PCT published application no. W 2010/08324¢6
Al

The compound of the present wnvention can be used wn corbination with CDK4
and/or 6 inhibitors. CDK 4 and/or 6 inhibitors that can be used in combination with the
compound of the present invention include those disclosed in the following documents:
PCT published application no, WO 2009/085185 or U8, patent application publication
no. US2011/0097305.

The compound of the present invention can also be used in combination with
pharmuaceutically active agents that treat nausca. Examples of agents that can be used to
treat nausea include: dronabinol; granisetron; metoclopramide; ondansetron; and
prochlorperazine; or a pharmaceutically acceptable salt thereof

In addition, the compound of the present invention can be used 1n combination
with other agents that can be uysed to treat cancer such as acemannan; aclarubicin;
aldesleukin; alitretinoin; amifostine; amrubicin; amsacrine; anagrehide; arglabin; arsenic
trioxide; BAM 002 (Novelos); bicalutamide; broxuridine; celmoleukin; cetrorelix;
cladribine; clotrimazole; DA 3030 (Dong-A); dachizumab; dentleukin diftitox; desloreling
dilazep; docosanol; doxercalciferol; doxifluridine; bromocripting; cytarabine; HIT
diclofenac; interforon alfa; tretinoin; edelfosine; edrecolomab; eflornithine; emitefur;
epirubicin; epoetin beta; etoposide phosphate; exisulind; fadrozole; finasteride;
fludarabine phosphate; formestane; fotemustine; gallium nitrate; gemtuzumab zogamicin;
gimeracil/oteracil/tegalur combination: glycopine; goserelin; heptaplating human
chorionic gonadotropin; human fetal alpha fetoprotein; ibandronic acid; interferon alfa;
interferon alfa natural; wnlerferon al{a-2; wterferon alfa-2a; nterferon al{a-2b; interferon
alfa-N1; interferon alfa-n3; interferon alfacon-1; interferon alpha natural; interferon beta;
interferon beta-la; mterferon beta-1b; interferon gamma natural; interferon ganuma-ta;
interferon gamma-1b; interieukin-1 beta; iobenguane; irsogladine; lanreotide; LC 9018

(Yakult); letlunomide; lenograstimy lentinan sulfate; letrozole; leukoceyte alpha interferon;
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leuprorelin; lovamisole + fluorouracil; liarozole; lobaplatin; lonidamine; lovastatin;
masoprocol; welarsoprol; moetoclopramide; mifepristone; miltetosine; mirimostim;
mismatched double stranded RNA; mitoguazone; mitolactol; mitoxantrone;
molgramostim; nafareling naloxone + pentazocine; nartograstim; nedaplating nilutamide;
noscapine; novel erythropotesis stimulating protein; NSC 631570 octrectide; oprelvekin;
osaterone; paclitaxel; pammdronic acid; peginterferon alfa-2b; pentosan polysulfate
sodium; pentostating picibanil; pivarubicin; abbit antithymocyte polyclonal antibody;
polyethylene glycol mterferon alta-2a; porfimer sodium; raltitrexed; rasburicase; rhenium
Re 186 etidronate; RIT retinamide; romurtide; samarium (153 Sm) lexidronam;
sargramostim; sizofiran; sobuzoxane; sonermin; strontium-89 chioride; suramin;
tasonermin; tazarotene; tegafur; temoporfing teniposide; tetrachlorodecaoxide;
thymalfasin: thyrotropin alfa; toremifens; tositumomab-iodine 131; treosulfan; tretinoin;
tridostane; trimetrexate; triptoreling tumor necrosis factor alpha natural; ubenimex;
biadder cancer vaccine; Marnuyama vaccine; melanoma lysate vaccine; valrubicin;
verteporfing virnlizing zinostatin stimalamer; abarelix; AE 941 {Acterna); ambamustine;
antisense oligonucleotide; bel-2 {Geunta); APC 8015 (Bendreon); dexaminoglutethimide;
diaziquone; EL 532 (Elan); EM 800 (Endorecherche); entluracil; etanidazole; fenretinide;
filgrastim SDO1 {Amgen); galocitabine; gastrin 17 tmununogen; HLA-B7 gene therapy
{Vical); granmulocyte macrophage colony stimulating factor; histamine dihydrochloride;
ihritumomab truxetan; domastat; IM 862 (Cyiran); interleukin-2; iproxifene; LDI 200
{Milkhaus}; leridistim; lintuzumab; CA 125 monoclonal antibody(MADb) (Biomira);
cancer MAb (Japan Pharmaccutical Development); HER-2 and Fe MADb (Medarex);
idiotypic T0SADT7 MAD (CRC Technology);: idiotypic CEA MADb (Trilex); LYM-1-
iodine 131 MAD (Techniclone}; polymorphic epithelial mucin-yttrium 90 MAb
{Antisoma); marimastat; menogaril: witumomab; motexahin gadobnium; MX 6
{Galderma); nolatrexed; P 30 protein; pegvisomant; porfiromyein; prinomastat; RL 0903
{Shire); rubtiecan; satraplatin; sodivmn phenvlacetate; sparfosic acid; SRL 172 (8R
Pharma); SU 53416 (Pfizery; TA 077 (Tanabe); tetrathiomolybdate; thaliblastine;
thrombopotetin; tin ethyl etiopurpurin; tirapazamine; cancer vaccine (Biomira);
melanoma vaceine (New York University); melanoma vaccine {Sloan Kettering

Institute); melanoma oncolysate vaceine (Noew York Medical College); viral melanoma
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cell lysates vaccine (Royal Newcastle Hospital); or valspodar. It is noted that the agents
recited above may also be administered as pharmaceutically acceptable salts when
appropriate.

The compound of the present invention may also be used in combination with
radiation therapy, hormone therapy, surgery and immunotherapy, which therapies are
well known to those skilled i the art,

Sinee one aspect of the present nvention contemplates the treatraent of the
disease/conditions with a combination of pharmaceutically active compounds that may be
administered separately, the invention {further relates to combining separate
pharmaceutical compositions in kit form. The kit comprises two separate pharmaceutical
compositions: the compound of the present invention, and a second pharmaceutical
compound. The kit comprises a container for containing the separate compositions such
as a divided bottle or a divided foil packet. Additional examples of containers inchude
syringes, boxes and bags. Typically, the kit comprises directions for the use of the
scparate components. The kit form s particularly advantageous when the separate
components are preferably administered in different dosage forms {e.g., oral and
parenteral), are administered at different dosage intervals, or when titration of the
individual components of the combination 1s desired by the prescribing physician or
veterinarian.

An example of such a kit 1s a so-called blister pack. Blister packs are well known
in the packaging industry and are being widely used for the packaging of pharmaceutical
unit dosage forms (tablets, capsules, and the like). Blister packs generally consist of a
sheet of relatively stiff material covered with a foil of a preferably transparent plastic
material. During the packaging process recesses are formed in the plastic foil. The
recesses have the size and shape of the tablets or capsules to be packed. Next, the tablets
or capsules are placed in the recesses and the sheet of relatively stiff material is sealed
against the plastic foil at the face of the foil which is opposite from the direction 1o which
the recesses were formed. As a result, the tablets or capsules are sealed in the recesses
between the plastic foil and the sheet, Preferably the strength of the sheet 1s such that the

tabiets or capsules can be removed from the blister pack by manually applying pressure

[u—y
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on the recesses whereby an opening is formed in the sheet at the place of the recess. The
tablet or capsule can theu be removed via said openung.

It may be desirable to provide a memory aid on the kit, e.g., in the form of
nurnbers next to the tablets or capsules whereby the numbers correspond with the days of
the regimen which the tablets or capsules so specified should be ingested. Another
exarnpic of such a memory aid 1s a calendar printed on the card, ¢.g., as follows "First
Week, Mouday, Tuesday,

et . .. Second Week, Monday, Tuesday, . . . " etc. Other variations of memory aids
will be readily apparent. A "datly dose” can be a single tablet or capsule or several pilis
or capsules to be taken on a given day. Also, a daily dose of a compound of the present
invention can consist of one tablet or capsule, while a daily dose of the second compound
can consist of several tablets or capsules and vice versa. The memory aid should reflect
this and aid in correct administration of the active agents,

In another specific embodiment of the invention, a dispenser designed to dispense
the daily doses one at a time in the order of their intended use 18 provided. Preferably, the
dispenser is equipped with a memory-aid, so as to further facilitate compliance with the
regimen. An example of such a memory-aid is a mechanical counter which indicates the
nurber of daily doses that bas been dispensed. Another example of such a memory-aid is
a battery-powered micro-chip memory coupled with a liguid crystal readout, or audible
remunder signal which, for exaraple, reads out the date that the last daily dose has been
taken and/or reminds one when the next dose ts to be taken.

The compound of the present invention and other pharmaceutically active
compounds, if desired, can be administered to a patient either orally, rectally,
parenterally, (for example, intravenously, intramuscularly, or subcutancously)
intracisternally, intravaginally, intraperitoneally, intravesically, locally (for example,
powders, ointments or drops}), or as a buccal or nasal spray. All methods that are used by
those skilled 1o the art to adrmnister a pharmaceutically active agent are contemplated.

Compositions suitable for parenteral injection may comprise physiologically
acceptable sterile aqueous or nonaqueocus solutions, dispersions, suspensions, or
emulsions, and sterile powders for reconstitution into sterile injectable solutions or

dispersions. Examples of suitablc aqueous and nonaqueous carriers, dituents, solvents, or
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vehicles include water, ethanol, polyols (propylene glycol, polyethylene glycol, glycerol,
and the hike), suitable mixtures thereof, vegetable ous (such as olive oil) and wnjectable
organic esters such as cthyl oleate. Proper {luidity can be maintained, for example, by the
use of a coating such as lecithin, by the maintenance of the required particle size in the
case of dispersions, and by the use of surfactants.

These compositions may also contain adjuvants such as preserving, wetting,
emulsifying, and dispersing agents. Microorganista contarnination can be prevented by
adding vartous antibacterial and antifungal agents, for example, parabens, chlorobutanol,
phenol, sorbic acid, and the hike. It may also be desirable to 1nclude isotonic agents, for
example, sugars, sodium chloride, and the like. Prolonged absorption of injectable
pharmaceutical cornpositions can be brought about by the use of agents delaying
absorption, for example, aluminum monostearate and gelatin.

Solid dosage forms for oral adnunistration include capsules, tablets, powders, and
granules. In such solid dosage forms, the active compound is admixed with at least one
inert customary excipient {or carrier} such as sodium citrate or dicalcium phosphate or (a)
fillers or extenders, as for example, starches, lactose, sucrose, manntiol, and silicic acid;
{b) binders, as for cxample, carboxymethylcellulose, alginates, gelatin,
polyvinylpyrmrolidone, sucrose, and acacia; (¢) humectants, as for example, glycerol; (d)
disintegrating agents, as for example, agar-agar, calcium carbonate, potato or tapioca
starch, alginic acid, certain complex silicates, and sodium carbonate; (a) solution
retarders, as for example, paraffin; {f) absorption accelerators, as for example, guatemary
ammonium compounds; (g} wetting agents, as for example, cetyl alcohol and glyeerol
monostearate; (h} adsorbents, as for example, kaolin and bentonite; and (i} lubricants, as
for example, talc, calcium stearate, magnesium stearate, solid polyethylene glycols,
sodiurn laury! sulfate, or mxtures thereof. In the case of capsules, and tablets, the dosage
forms may also comprise buffering agents.

Solid composttions of a sumilar type may also be used as fillers in soft and hard
filled gelatin capsules using such excipients as lactose or milk sugar, as well as high
molecular weight polyethylene glycols, and the like,

Solid dosage forms such as tablets, dragees, capsules, pills, and granules can be

prepared with coatings and shells, such as enteric coatings and others well known in the
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art. They may also contain opacifying agents, and can also be of such composition that
they release the active compound or cotapounds in a certain part of the intestinal tractin a
delaved manner. Examples of embedding composttions that can be used are polymeric
substances and waxes. The active compound can also be in micro-encapsulated form, if
appropriate, with one or more of the above-mentioned excipients.

Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, solutions, suspensious, syrups, and elpars. In addition to the active
compounds, the liguid dosage form may contain inert diluents commonly used in the art,
such as water or other solvents, solubilizing ageuts and emulsifiers, as for example, ethyl
alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyi alcohol, benzyl
benzoate, propylene glycol, 1,3-butylene glycol, dimethylformamide, oils, in particular,
cottonseed oil, groundnut oil, corn germ oil, olive otl, castor oil, and sesame seed oil,
glycerol, tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of
sorbitan, or mixtures of these substances, and the like.

Besides such inert diluents, the composition can also include adpuvants, such as
welting agents, emulsifying and suspending agents, sweetening, flavoring, and perfuming
agents, Suspensions, in addition to the active compound, may contain suspending agents,
as for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan
esters, microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar, and
tragacanth, or mixtures of these substances, and the like,

Composttions for rectal administration are preferable suppositories, which can be
prepared by mixing the compounds of the present invention with suitable non-irritating
excipients or carriers such as cocoa butter, polyethylene glycol or a suppository wax,
which are solid at ordinary room temperature, but liquid at body temperature, and
therefore, melt 1 the rectum or vaginal cavity and release the active component,

Dosage forms for topical administration of the compound of the present invention
include ointments, powders, sprays and inhalanis. The active compound or compounds
are admixed under sterile condition with a physiologically acceptable carrier, and any
preservatives, buffers, or propeliants that may be required. Opthalmic formulations, eye
ointments, powders, and solutions are also contemplated as being within the scope of this

invention.
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The compound of the present invention can be administered to a patient at dosage
levels in the range of about 0.1 to about 3,000 mg per day. For a norwal adult buman
having a body weight of about 70 kg, a dosage in the range of about 8.01 to abowut 100 mg
per kilogram body weight is typically sufficient. The specific dosage and dosage range
that can be used depends on a number of factors, inchuding the requirements of the
patient, the severity of the condition or disease being treated, and the pharmacological
activity of the compound being administered. The determination of dosage ranges and
optimal dosages for a particular patient is within the ordinary skill in the art.

The compound of the present invention can be adminstered as pharruaceutically
acceptable salts, esters, amides or prodrugs. The term "salts” refers to inorganic and
organic salts of compounds of the present invention, The salts can be prepared o st
during the final isolation and purification of a compound, or by separately reacting a
purified compound in its frec base or acid forrn with a suitable organic or inorganic base
or acid and isolating the salt thus formed. Representative salts include the hydrobromide,
hydrochloride, sulfate, bisulfate, nitrate, acetate, oxalate, palmitiate, stearate, laurate,
borate, benzoate, lactate, phosphate, tosylate, ciirate, maleate, fumarate, succinate,
tartrate, naphthylate, mesylate, glucoheptonate, lactobionate, and laurylsulphonate salts,
and the like. The salts may include cations based on the alkalt and alkaline earth metals,
such as sodium, lithium, potassium, calcium, magnesium, and the like, as well as non-
toxic ammonium, gquaternary ammonium, and amine cations including, but not limztted to,
ammoniumn, tetramethylammonium, tetracthylammonium, methylamine, dimethylamine,
trimethylamine, tricthylamine, ethyvlamine, and the like, See, for example, 5. M. Berge, ot
al., "Pharmaceutical Saits," J Pharm Sci, 66: 1-19 (1977}

Examples of pharmaceutically acceptable esters of the compound of the present
invention include C-Cy alkyl esters. Acceptable esters also mclude Cs-Cy oycloalkyl
esters, as well as arylalkyl esters such as benzyl. C-Cy alkyl esters are commonly used.
Esters of compounds of the present invention may be prepared according to methods that
are well known in the art.

Examples of pharmacceutically acceptable amides of the compound of the present
invention include amides derived from ammonia, primary C;-Cg alloyt amines, and

secondary C,-Cy dialkyl amines. In the case of secondary amines, the amine may also be
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in the form of a 5 or 6 membered heterocycloalkyl group containing at least one nitrogen
atom, Amides dertved from ammonia, C-Cs primary alkyl amines and C)-C; dialkyl
secondary amines are commonly used. Amides of the compound of the present invention
may be prepared according to methods well known to those skilled in the art

The term "prodrug” means compounds that are transformed in vivo to yield a
compound of the present mvention. The transformation may occur by various
mechanisms, such as through hydrolysis in blood. A discussion of the use of prodrugs is
provided by T. Higuchi and W. Stella, "Prodrugs as Novel Delivery Systems,” Vol 14 of
the A.C.S. Symposiom Series, and i Bioreversible Carriers i Drug Design, ed. Edward
B. Roche, American Pharmaceutical Association and Pergamon Press, 1987,

To Hlustrate, because the compound of the mmvention contains a carboxylhic acid
functional group, a prodrug can comprise an ester formed by the replacement of the
hydrogen atom of the acid group with a group such as (C-Cg alkyl, (Cy-
Clyjalkanoyloxymethyl, 1-(alkanoyloxyjethyl having from 4 to 9 carbon atoms, 1-
methyl-1-{alkanoyloxy)ethyl having from 5 to 10 carbon atoms,
alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms, T-{(alkoxyecarbonyloxylethyl
having from 4 to 7 carbon atoms, 1-methyl-1-(alkoxycarbonyloxy)ethyl having from 5 to
8 carbon atoms, N-{alkoxycarbonylaminomethyl having from 3 to 9 carbon atoms, 1-{(N-
(alkoxycarbonyljaminomethyl having from 4 to 10 carbon atoms, 3-phthalidyl, 4-
crotonolactonyl, gamma-butyrolacton-4-yl, di-NN-(C,-Coalkylamino(C,-Cialkyl (such
as B-dimethylaminoethyl}, carbamoyl-{(C-Cyalkyl, N,N-di{(C;-Crjalkylcarbamoyl-(C;-
Chyalleyl and piperidino-, pyrrohidinoe- or morpholino{Cy-sjalkyl.

The compound of the present invention may contain asymmetric or chiral centers,
and therefore, exist in different stereoisomeric forms. It is contemplated that all
stereoisomeric forms of the compound as well as mixtures thereof, including racemic
mixtures, form part of the present invention. In addition, the present invention
contemplates all geometric and positional isomers. For exaraple, if the compound
contains a double bond, both the ¢is and trans forms {designated as Z and E,
respectively), as well as mixtures, are contemplated.

Mixtare of stereoisomers, such as diastereomeric mixtures, can be separated into

their individual stercochemical components on the basis of their physical chemical
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differences by known methods such as chromatography and/or fractional crystallization.
Enantiomers can can also be separated by converting the enantiorueric mixiure o a
diastersomeric mixture by reaction with an appropriate optically active compound (e.g.,
an alcohol), separating the diastercomers and converting (e.g., hydrolyzing) the
individual diastereomers to the corresponding pure enantiomers. Also, some compounds
may be atropisomers (¢.2., substituted biaryls).

The compound of the present invention may exist i unsolvated as well as
solvated forms with pharmaceutically acceptable solvents such as water (hydrate),
cthanol, and the hike. The present vention contemplates and cucompasses both the
solvated and unsolvated forms.

It 15 also possible that the corupound of the present invention may exist in
different tautomeric forms. All tautomers of the compound of the present invention are
contemplated. For example, all of the tautomeric forms of the tetrazole moiety are
included in this invention. Also, for example, all keto-enol or imine-enamine forms of the
compounds are inchuded in this invention.

Those skilled in the art will recognize that the compound names and structures
contained herein may be based on a particular tautomer of a compound. While the name
or structure for only a particular tautorer may be used, it is intended that all tautomers
are encompassed by the present invention, uniess stated otherwise.

It 15 also mtended that the present invention encompass compounds that are
synthesized in vitro using laboratory techniques, such as those well known to synthetic
chemists; or synthesized using n vivo techniques, such as through metabolism,
fermentation, digestion, and the like. It is also contemplated that the compounds of the
present invention may be synthesized using a combination of in vitro and in vivo
techmques.

The present invention also includes isotopically-labelied compounds, which are
wlentical to those recited herein, but for the fact that one or more atoms are replaced by an
atom having an atomic mass or mass number different from the atomic mass or mass
number usually found n nature, Examples of isotopes that can be incorporated into
compounds of the invention include isotopes of hydrogen, carbon, nitrogen, oxygen,

: . 2 3 i3 14~ 15 10~ 17 18 31 32
phosphorous, fluorine and chlorine, such as “H, "H, “'C, "C, VN, °0, 7’0, 0, 7P, 7P,

]
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7S, 'F, and *°CL In one aspect, the prosent invention relates to compounds wherein one
or more hydrogen atom is replaced with deuterium (“H) atoms.

The compound of the present invention that contains the aforementioned isotopes
and/or other 1sotopes of other atoms are within the scope of this invention. Certain
isotopically-labelled compounds of the present invention, for example those into which
radioactive isotopes such as *H and "*C are incorporated, are useful in drug and/or

3

subsirate tissue distribution assays, Tritiated, 1.e., "H, and carbon-14, ¢, e, 1sotopes
are particularly preferred for their case of preparation and detection. Further, substitution
with heavier isotopes such as deuterium, i.e., “H, can afford certain therapeutic
advantages resulting from greater metabolic stability, for example increased in vivo half-
life or reduced dosage requirements and, hence, may be preferred in some circumstances.
Isotopically labelled compounds of this invention can generally be prepared by
substituting a readily available 1sotopically labelled reagent for a non-isotopically
fabelled reagent.

The compound of the present invention may exist in various solid states including
crystalimne states and as an amorphous state. The different crystalline states, also called
polymorphs, and the amorphous states of the present compounds are contemplated as part
of this invention.

In synthesizing the compound of the present tnvention, it may be desirable to use
certain leaving groups. The term “leaving groups” (“LG") generally refer to groups that
are displaceable by a nucleophile. Such leaving groups are known i the art. Examples of
leaving groups include, but are not hmited to, halides (e.g.. I, Br, F, C1), sulfonates {¢.g.,
mesylate, tosylate), sulfides (e.g., SCH;), N-hvdroxsuccinimide, N-hydroxybenzotriazole,
and the like, Examples of nucleophiles include, but are not limited to, amines, thiols,
alcohols, Grignard reagents, anionic species (e.g., alkoxides, amides, carbanions) and the
like.

All patents, published patent applications and other publications recited herein are
hereby incorporated by reference.

The examples presented below illustrate specific embodiments of the present
invention. These examples are meant to be representative and are not intended to Lt

the scope of the claims n any manner. Unless otherwise noted, when a percent 1s used
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herein with respect to a solid, the percent is by weight with respect to the referenced solid
composition. When a percent is used herein with respect to a lquid, the perceut is by
volume with respect to the referenced solution,

"H-NMR spectra were acquired with a 500 MHz Bruker Avance T spectrometer
system { Bruker Biospin, Billerica, MA} equipped with a Bruker S~mm z-axis gradient
BBI probe; or with a 400 MHz Bruker Avance I or Avance [ spectrometer system
equipped with a Bruker 5-rom z-axis gradient BBO probe. Saruples were typically
dissolved in 600 pL of either DMSQ-dg or CD50OD for NMR analysis. 'H chemical shifts
are referenced relative to the residual proton signals from the deuterated solvents used for
the analysis at d 2.50 ppm for DMSO-ds and d 3.30 ppm for CD0OD.

Significant peaks arc tabulated and typically include: number of protons,
multiplicity (s, singlet; d, doublet; dd, doublet of doublets; t, triplet; g, quartet; m,
multiplet; br ¢, broad singlet) and coupling constant(s} in Hertz.

Electron onization (EI} mass spectra were typically recorded on an Agilent
Technologies 6140 Quadrupole LC/MS mass spectrometer. Mass spectrometry results
are reported as the ratio of mass over charge, sometimoes followed by the relative
abundance of cach 1on {in parentheses). Starting materials in the Examples below are
typically either available from commercial sources such as Sigma-Aldrich, St. Lows,

MO, or via literature procedures.

The following abbreviations may be used herein:

~ about

+ve or pos. ion positive ion

A heat

Ac acetyl

Ac,O acetic anhydride

aq AqUeoUs

AcOH acetic acid

Bn benzyl

Boc tert-butyloxycarbonyl
BSA bovine serum albumin

B2
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Bu
Re
{Caled or Cale’d
Conc.
CSA
d
DBBU
DCE
DCM
DO
DEA

PCT/US2014/018759

butyl

benzovl

caiculated

concentrated

camphor-10-sulfonic acid

day(s)

1,8~diazabicyciofS.4.0jundec-7-ene
dichlorocthane

dichloromethane

2, 3-dichlore-5,6-dicyano-1,4-benzoquinone

dicthylamine

Dess-Martin periodinane; , ~ o o
) 1.1, -triacetoxy-1, 1 -dihydro-1,2-benziodoxol-3-( | H}-one
Dress-Martin reagent

DIEA or DIPEA ditsopropylethylamine
DMAFP 4-dimethylaminopyridine
DME 1,2~dimethoxyethane
DMF N, N-dimethylformamide
DMSO dimethyl sulfoxide
DPPA diphenylphosphoryl azide
dr diastercomeric ratio

DT dithiothreitol

DVB divinylbenzene

EDC N-ethyl-N’-{3-dimethylaminopropylicarbodiinide
ee or e.€. enantiomeric excess

eq equivalent

EStor ES clectrospray ionization

Et ethyl

EtO diethyl ether

Et:N tricthylamine

Ht(GAc ethyl acetate

EtOH cthyl alcohol
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HMPA

HOAtL

HOBt

HPLC

IPA or iPrOH

KOAc

LCMS, LC-MS or LC/MS
LDA

LHMDS or LiHMDS

L-Selectride”

M
mCPBA
Me
MeCUN
Mecl
Me(OH
mg
min
mpL

M

MS
MsCl

PCT/US2014/018759

gram{s}
hour(s})

O-(7-azabenzotriazol-1-y =N, N, N7 N~
tetramethyluronium hexafluorophosphate
(-benzotriazole-N,N,N’ N'-tetramethyl-uronium-
hexafluorophosphate

hexancs

hexamethylphosphoramide
I-hydroxy-7-azabenzotriazole
hydroxybenzotriazole

high pressure liguid chromatography
isopropyl alcohol

solution of chrominm(IVjoxide and sulfuric acid in water
potassium hexamethyldisilazide
potassium acetate

tiguid chromatography mass spectrometry
tithium diisopropylamide

Hthium hexamcthyldisilazide

Hthium tri-sec-butylborohydride (Sigma-Aldrich, St
Louis}

molar (ol L™H

ni-chloroperoxybenzoic acid

methyl

acetonitrile

iodomethane

methyl alcohol

milligram{s}

minute(s}

milliliter(s}

mole(s)

mass spectrometry

methancsulfonyl chloride
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MTBE or MIBE
wm/z

NaHMDS
MNa(UtBu

NBS

nBuli

NMO

NMP

NMR

N-Selectride”™

PBS

PMB

Pr

ppm

PTFE

p-tol

rac

RP-HPLC or RPHPLC
RTorrtorrt

RuClLyS-xylbinap)(S-
DAIPEN)

aat, or sat’d or satd
SFC

TBAF

TBDMS
TBDMS-CI
TBDPS

TEMPO
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methyl tert-butyl ether

mass-to-charge ratio

sodium hexamethyldisilazide

sodum tert-butoxide

N-bromosuccinimide

n-butyl lithium

N-roethylmorpholine-N-oxide
{-methyl-2-pyrrolidinone

nuclear magnetic resonance

sodium tri-sec-butylborohydride {Sigma-Aldrich, St.
Louis)

phosphate buffered saline

paramethoxybenzyl

propyl

parts per million

polvietrafluoroethylene

para-tohuoyl

racemic

reversed phase high pressure liguid chromatography
room temperature

dichloro {{S)-(-}-2,2-bis[di(3.5-xylyl)phosphino}-1.,1'-
binaphthyl (28}
-{(+}-1,1-bis(d-methoxyphenyl}-3-methyl-1,2-
butanediamine jruthenium({l)

saturated

supercritical fluid chromatography

tetrabutylammonium fluoride

fert-butyldiphenylsilyl
(2,2.6,6-tctramethylpiperidin-1-yloxidanyl
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tertort
TFA
THF
TIPS
TLC
T™MS
TPAP
23
{BuOH

v/v

PCT/US2014/018759

tertiary

triflourcacetic acid

tetrahydrofuran

tritsopropylsilyl

thin layer chromatography
trimethylisilyl or trimethylsilane
tetrapropylammoniom perruthenate
retention time

teri-buiyvl alcohol

volume per volume

EXAMPLES

The compounds presented herein generally can be prepared beginning

with commercially available starting materials and using synthetic technigues known to

those of skill i the art.

EXAMPLE 1

2-{(3R,5R 68)-1-({8)-2(tert-Butylsulfonyl)-1-cyclopropylethyl)-5-(3-chlorophenyl)-6-(4-

chlorophenyl}-3-methyl-2-oxopiperidin-3-yhacetic acid (Example 351 of

WQO2011/153509 (Amgen Inc.), published December 8, 201 1.

Step A, 2-(3-Chiorophenyl}-1-{4-chlorophenyljethanone
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T
Cl

Sodium bis{(trimethylsilyljamide (1 M in tetrabydrofuran, 117 ml.) was slowly added to a
-78 °C solution of 2-{3-chlorophenyl) acetic acid (10 g, 58.6 mmol} in tetrahydrofuran

(58 ml} over 1 hour. After stirring at -78 °C for 40 mimutes, a solution of methyl 4-

W

chlorobenzoate (10 g, 58.6 mmol} in tetrahydrofuran (35 mL} was added over a period of
10 munutes. The reaction was stivred at ~78 °C for 3 hours then allowed to warm to 25 °C.
After two hours at 25 °C, the reaction was quenched with saturated agueous ammonium
chloride solution, and most of the tetrahydrofuran was reraoved under reduced pressure.
10 The residue was extracted with cthyl acetate (2 x 100 mbL}. The combined organic layers
were washed with saturated sodium chloride solution, dried over sodium sulfate, filtered
and the filtrate was concentrated. The product was recrystallized from ether/pentane to

provide the title compound as a white solid.

15 'H NMR (500 MHz, DMSO-d, 8 ppm): 8.05 (m, 2H), 7.62 (m, 2H), 7.33 (m, 3H), 7.21
(brd, J=7.3 He, 1H), 4.45 (s, 2H). MS (E8I) = 265.1 [M + HJ".

Step B: Methyl 4-(3~chlorophenyi}-5-(4-chlorophenyl)-2-methyl-5-oxopentanoate

20

Methyl moethacrylate (12.65 mL, 119 mumol)} was added to a solution of 2-(3-
chlorophenyl)-1-(4-chlorophenyliethanone (30 g, 113 mmol, Example 1, Step A) in
tetrahydrofuran (283 mlL). Potassiurn fer-butoxide (1.27 g, 11.3 mmol) was then added

25  and the reaction was stirred at room temperature for 2 days. The solvent was removed
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under a vacuum and replaced with 300 mL of ethyl acetate. The organic phase was
washed with brine (50 mL}, water (3 x 50 mL}, and brine (50 mL). The organic phase
was dried over magnesium sulfate, filtered and concentrated under a vacoum to afford
methyl 4-(3-chlorophenyl}-5-(4-chlorophenyl)-2-methyl-5-oxopentanoate as an

approximately 1:1 mixture of diastereomers.

"H NMR (400 MHz, CDCls, 8 ppra): 7.87 (m, 2H), 7.38 (m, 2H), 7.27-7.14 (series of m,
453, 4.61 (m, 1H), 3.69 (s, 1.5H}, 3.60 (s, 1.5 H), 2.45 (m, 1H}, 2.34 (m, 1H), 2.190 (ddd,
J=13.9,94, 55 Hz, 0.5H), 1.96 (ddd, J=13.7,9.0,4.3 He, 0.5H), 1.22(d, /= 7.0 Hz,
1.35H), 1,16 (d, /= 7.0, 1.5 H). MS (ESI)=387.0 [M +23]".

Step C: (38, 5R,6R)-5-(3-Chlorophenyl)-6-(4-chlorophenyl-3-methyltetrahydro-2 /-
pyran-2-one and (3R, 5&,6R)-5-(3-chlorophenyl}-6-{4-chlorophenyl}-3-methyltetrahydro-

2H-pyran-Z-one

Methyl 4-(3-chlorophenyl)-5-(4-chiorophenyl}-2-methyl-5-oxopentanoate (40 g, 104.0
mmol, Example 1, Step B} was dissolved in 200 mi of anhydrous toluene and
concentrated under a vacuum. The residue was placed under high vacuum for 2 hours
before use. The compound was split into 2 x 20 g batches and processed as follows:
methyl 4-(3~chlorophenyl}-5-(4-chlorophenyl}-2-methyl-S-oxopentanoate (20 g, 52.0
mmol} in anhydrous Z-propanol (104 mL) was treated with potassium rerr-butoxide (2.33
g, 20.8 mmol) 1 a 250 ml glass hydrogenation vessel, RuCh{(S-xylbiap (S-DAIPEN)
{8.191 g, 8.156 mmol, Strem Chenicals, Inc., Newburyport, MA) in 3.8 mil. of toluene
was added. After 1.5 hours, the vessel was pressurized to 50 psi (344.7 kPa) and purged
with hydrogen five times and allowed to stir at room temperature. The reaction was

recharged with additional hydrogen as needed. After 3 days, the reactions were
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combined and partitioned between 50% saturated ammonium chioride solution and cthyl
acetate. The aqueous layer was extracted with ethyl acetate. The combined organic
phases were washed with brine, dried over magnesiam sulfate, filtered, and concentrated.
The crude product {predominantly, (4R, 5R}-1sopropyl 4-(3-chlorophenyi}-5-(4-
chiorophenyl}-S-hydroxy-2-methyipentanoate} was dissolved in tetrahydrofuran (450
mkb) and methanol (150 mL), Lithium hydroxide (1.4 M, 149 mL, 208 mmol) was added,
and the solation was stirred at room teraperature for 24 hours. The nuxture was
concentrated under a vacuum and the residue was redissolved in cthyl acetate. Aqueous
IN hydrochloric acid was added with stivring uotil the aqueous layer had a pH of about 1.
The layers were separated and the organic phase was washed with brine, dried over
magnesium sulfate, filtered and concentrated. The material was dissolved 1n 200 mL of
anhydrous toluene and treated with pyridinium p-toluenesulfonate (PPTS, 0.784 ¢, 3.12
mmol). The recaction was heated to reflux under Dean-Stark conditions until the seco-
acid was consumed {(about 2 hours})., The reaction was cooled to room temperature and
washed with saturated sodium bicarbonate (50 mL) and brine (50 mL). The solution was
dried over sodium sulfate, filtered and concentrated. The crude matenial was purified by
flash chromatography on silica gel (120 ¢ colummn; eluting with 100% dichloromethane).
The title compounds were obtained as a white solid with an approximate 94:6

enantiomeric.ratio and a 7.3 mixture of methy! diastereomers.

HNMR {400 MHz, CDCls, 6 ppmk 7.22-6.98 (series of m, 5H}, 6.91 (dt, /=74, 1.2
Hz, 0.3H), 6.81 {(m, 2H), 6.73 (dt, J=7.6, L4 He, 0.7H), 576 (d, /=4.1 Hz, 0.3 H), 5.69
(d, /=47 Hz, 0.7TH) 3.67 {dt, /= 6.6, 4.3 Hz, 0.3H}, 3.55 (4d, /= 7.8, 4.7 Hz, 0.7 H),
2.96 (d of quintets, S = 13.5, 6.7 He, 0.7 H}, 2.81 (m, 0.3 H), 2.56 (dt, /= 14.3, 8.0 Hz,
0.7H), 2.32 (dt, /= 13.69, 7.0 Hz, 0.3 H), 2.06 (ddd, J = 13.7, 8.4, 4.1, 0.3 H), 1.85 (ddd,
J=141,125,74,07Hy, 142(d, /=70Hz, 0.9 H), 1.41{d, /=67 Hz, 2.1H). MS
(ESE = 357.0 (M + 231", {alp (22°C, ¢ = 1.0, CH2Ch) = -31.9% m.p. 98-99 °C,

Step D. (38,5R,6K)-3-Allyl-5-(3-chlorophenyl)-0-(4-chlorophenyl})-3-methyltetrahydro-

2H-pyran-2-one
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A solution of (3§, 5R,6R)-5-(3-chlorophenyl}-6-(4-chlorophenyl)-3-methyltetratiydro-274-
pyran~-2-one and (3R,55,63)-5-(3-chlorophenyl}-6-(4-chlorophenyl)-3-methyltetrabydro-
2H-pyran-2-one (4.5 g, 13.4 mmol, Example 1, Step C) and allyl bromide (3.48 mL, 40.3
mmol) in tetrahydrofuran (22 wl) at -35 °C (acetontirile/dry ice bath) was treated with a
solution of lithium bis(trimethylsilylamide in tetrahydrofuran (1.0 M, 17.45 mL, 17.45
mmol). The reaction was allowed to warm to -5 °C over | hour and then was quenched
with 50% saturated ammonium chioride. The reaction was dilnted with 1060 mL of ethyl
acetate and the layers were separated. The organic phase was washed with brine, dried
over magnesium sulfate, filtered and concentrated under a vacuoum to afford the title
compound as a white solid upon standing under a vacuum. Chiral SFC (92% CO», 8%
methanol (20 M arvmoma), 5 mL/min, Phenomenex Lux-~2 colurmn (Phevorenex,
Torrance. CA}, 100 bar (10,000 kPa), 40 °C, 5 minute method) was used to determine
that the compound had an evantiomeric ratio of 96:4. (Major enantiomer: title compound,
retention time = 2.45 nuinutes, 96%; minor enantiomer (structure not shown, retention
tirne = 2.12 min, 4%). The title compound was recrystallized by adding to heptane (4.7
sturried in 40 mL} at reflux and 1.5 mL of toluene was added dropwise to solubilize. The
solution was cooled to 0 °C. The white solid was filtered and rinsed with 20 L of cold
heptanes to afford a white powder. Chiral SFC (92% C0Os, 8% methavol, Phenomenex
Lux-2 column, same method as above) indicated an enantiomeric ratio of 99.2:0.8. (major

enantiomer, 2.45 mun, 99.2%:; minor enantiomer: 2.12 min, 0.8%)

"H NMR (400 MHz, CDCly, 8 ppm)y: 7.24 (ddd, J= 8.0, 2.0, 1.2 Hz, 1H), 7.20-7.15
(series of m, 3H), 6.91 (t, J= 2.0 Hz. 1H), 6.78 (br d, J= 7.6 Hz, 1H), 6.60 (m, 2H), 5.84
(ddt, J=17.6, 10.2, 7.4 Hz, 1H), 5,70 {d, /= 5.3 He, 1H), 5.21-5.13 (scries of m, 2H),
3.82{de, /=11.7,4.5 Hz, 1H), 2.62 (ABX Jsp = 13.7 Hz, Jux = 7.6 Hz, 1H)}, 2.53 (ABX,
Jan =139 Hz, Jax =72 Hz, 1H). 1.99(dd, /= 14.1, 11.9 Hz, 1H), 1.92 (ddd, /= 13.9,

N
33
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3.9, 1.2 Hz, 1H). YC NMR (CDCl, 100 MHz, & ppm): 175.9, 140.2, 134.5, 134.3, 134.0,
1322, 1298, 128.6, 128.0, 127.9, 127 .8, 126.4, 119.9, 83.9,44.5, 42,4, 40.7, 31.8, 26.1.
MS (ESIy= 3752 [M+HT". IR=1730cm”. [alp (24 °C, ¢ = 1.0, CH,CL) = -191°,
m.p. 111114 °C.

Step B, (283-2-((2K)-2-(3-Chiorophenyl)-3-{(4-chlorophenyl)-3-hydroxypropyh-N-((S)-1-

cyclopropyi-2-hydroxyethyl}-2-methyipent-4-cnamide

L,

(38,58 6R}-3-Allyl-5-(3-chlorophenyl)-6-(4-chlorophenyl)-3-methyltetrahydro-2 /-
pyran-2-one (125.0 g, 333 mmol, Example 1, Step D) was added to ($)-2-amino-2-
cyclopropylethanol (101 g, 999 mmol) and the reaction mixture was heated at 110 °C
under argon for 25 hours, The reaction mixture was diluted with isopropyl acetate,
cooled to room temperature, and 3 M hydrochioric acid {400 mi.) was added slowly. The
mixture was stirred at room temperature for 20 minutes, and the layers were separated.
The organic layer was washed with 1 M hydrochloric acid (200 ml.) and brive, then dried
over magnesium sulfate, filtered and concentrated under a vacuum to provide the desired

product as a brown ol {159 g

Step F. (35,55,6R,85)-8-Allyl-6-(3-chlorophenyl)-5~(4-chlorophenyl}-3-cyclopropyl-8-

nmethyl-2,3,5,6,7,8-hexahydrooxazolo]3,2-alpyridin-4-tum 4-methylbenzenesulfonate

A 2 L 4-necked round-bottomed flask equipped with a magnetic stir bar, addition funnel,

septa and ioternal temperature sensor was charged with p-toluenesulfonic anhydride (240
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g, 734 mmol} and anhydrous dichloromethane (600 mL). The internal temperature was
adjusied to 14 “C and the raixture was stirred for 10 minutes. A solution of (3)-2-
{{ZR,3R-2-(3-chlorophenyl}-3-(4-chlorophenyi}-3-hydroxypropyl -N-({(S)-1 -cyclopropyi-
2-hydroxyethyl)-2-methylpent-4-enarmide (159.0 g, 334 mmol, Example 1, Step By in
anhydrous dichloromethane (400 mL) was added to the reaction mixture. The
temperature nereased to 17 °C before returning to 14 °C. The reaction mixture was
cooled to 7 °C and 2,6-hatidine (160 mL, 1372 mamol) {dried over activated 4 A molecular
sieves) was added dropwise via addition funnel to the reaction mixture, The addition was
complete after 1 hour. The reaction mixture was removed from the water bath and stirred
at room temperature for 1 hour. The reaction mixture was heated at reflux for 16 hours.
LCMS indicated that some mtermediate remained. Additional p-toluencsulfonic
anhydride (8.25 equiv) and lutidine (0.5 equiv) were added and the reaction mixture was
heated at retlux for 8 hours, LOMS indicated that the reaction was complete. The
reaction mixture was cooled to room temperature and added via addition funnelto I M
aqueous sulfuric acid (764 mL, 764 mmol) with stirring. The addition took 30 nunutes,
and the solation was stirred at room teraperatare for 30 minutes thereafler. The layers
were separated and the organic layer was dried over magnestum sulfate, filtered and
concentrated under a vacuam to provide a brown syrup. To remove any dichloromethane
from the syrup it was taken up in ethyl acetate and concentrated under a vacuum twice to
provide a thick brown syrup, Ethyl acetate (2 L) was added and the mixture was heated
at 64 °C until all of the syrup was dissolved {about 45 minutes). The solution was stirred
while cooling to room temperature, Crystals had formed after 2 hours and the mixture
was cooled to 10 °C for 1 hour before collecting the solid by vacaum filtration and
washing with cold (10 °C) ethyl acetate. This provided 70 g of the desired product as an
off-white crystalline solid. The filirate was concentrated under a vacuurn to 1.5 L and the
mixture was stirred at 10 °C for 1.5 hours. The mixture was filtered under vacuum to
provide a hight brown crystalline solid that was shown to be lutidiniurg tosylate by NMR.
The filtrate was concentrated under vacuum o provide a brown syrup (161g). Heptane
was added to the syrup and the mixture was heated. A minimal amount of ethyl acetate
was added until the material dissolved. The solution was cooled to room temperature and

then placed in the freezer. The resulting solid was collected by vacuum filtration and

(2
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washed with cold (0 °C) cthyl acetate to provide the desired product as an off-white
crystalline solid (34g). The filtrate was concentrated to provide a dark brown oil and
purified by flash chromatography on silica gel (1.5 kg 810: colummn, gradient ehution of
20% to 100% acctone in hexanes) to provide the desired product as a light brown syrup

(73 g).

H NMR (500 MHz, CDCls, 6 ppm): -0.3 1o -0.2 (m, 2H), 0.06-0.11 {m, 1H), 0.31-0.36
(m, 1H), 0.38-0.43 (m, 1H), 1.57 (5, 3H), 1.91 {dd, /= 3.7 and 13.9 Hz, 1H), 2.36 (s,
3HY. 264 (dd, J=T73 and 13.7 He, 1H), 2.72 (dd, J= 7.6 and 13.7 Hz, T1H), 2.95 (4, J=
139 Hz, 1H), 332 {(dt, /=37 and 10.8 Hg, 1H}, 4.47 (1, /= 8.6 Hz, 1H)}, 4.57-4.62 (i,
1H), 532(d, /=169 Hz, 1H),5.35(d, /=103 Hz, 1H), 546 {t, J=9.5 He, 1H), 5.82
{d,J=10.5 He, 1H), 5.84-593 {m, 1H}, 6.94 (brs, 1H}, 7.04 (s, 13}, 7.34-7.20 {m, 5H),
7.28-7.40 (m, 3H), 7.88 (d, /= 8.1 Hz, 2H)). MS (ESI) 440.1 [M+HT".

Step G. (38,5R,65)-3-Allyl-1-({5)-2-(rert-butylthio)- 1 -cyclopropylethyl}-5-(3-

chlorophenyl}-6~-(4-chlorophenyly-3-methylipiperidin-2-one

2-Methyl-2-propanethiol (0,195 ml., 1.796 mmol, dried over activated 4 A molecular
sicves} was added to a solution of Hthium bis(trimethylsilyliamide in tetrahydrofuran (1.0
M, 1.8 vul., 1.8 mamol) in anhydrous tetrahydrofuran (4 mL) at room teraperature. The
reaction mixture was heated at 60 °C. After 15 minutes at 60 °C, (38,55,6R,85)-8-allyl-6-
(3-chlorophenyh)-5-(4-chlorophenyly-3-cyclopropyl-8§-methyl-2,3,5,6,7,8-
hexahydrooxazolof3,2-a]pyridin-4-iun 4-methylbenzenesulfonate (1.00 g, 1.632 mmol,
Example 1, Step F) was added as a solid, The reaction nuxture was heated at 60 °C for
12 bours and then cooled to roor temperature and diluted with water. The solution was
extracted with ethyl acetate thrice and the organics were pooled, washed with brine, dried
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over sodium sulfate, decanted and concentrated under a vacuum to provide a brown oil.
Purification by flash chromatography (80 g 510, columim, gradient elution of 10 to 60%

ethyl acetate in hexanes provided the desired product as a colorless syrup.

HNMR {500 MHz, CDCL, o ppm}: -0.88 t0 -0.85 (m, 1H}, -0.16 t0 -0.13 (m, 1H},
0.22-0.27 (m, 1H), 0.39-0.44 (m, 1H), 1.28 (s, 3H}, 1.35 (5, 9H), 1.66—-1.71 (m, 1H),
1.86(dd, /=32 and 13.5 He, 1H), 2.16 (1, J=13.7, 1H), 2.21-2.27 {rm, 1H), 2.60 (dd, J
=44 and 12.0 Hz, 1HY, 2.65(d, SJ=7.6 Hz, 2H}, 3.12 {(dt, /= 3.2 and 10.3 Hz, 1H), 3.60
(t,/=11.3 Hz, 1H}, 4.68 (d, J=10.3 Hz, 1H), 5.16-5.19 (m, 2H), 5.83-5.92 (m, 1H),
6.79(d, J="7.6 Hz, 1H}, 6.93-7.04 (mm, 3H), 7.09-7.16 {m, 2H), 7.19-7.24 (m, 2H). MS
(ESI)530.2 IM + HJ"

Step H. 2-((3R,5R 68)-1-((8§)-2~(tert-Butylsulfonyh)- 1-cyclopropylethyl}-53-(3-

chiorophenyl}-6-(4-chlorophenyt)-3-methyl-2-oxopiperidin-3~yhacetic acid

Ruthenium(Ii) chloride hydrate (36.0 mg, 0.135 mmol) was added to a solution of
(38,5R.65)-3-allyl-1-{(8)-2-(tert-butylthio)-1 -cyclopropylethyly-5-(3-chlorophenyi}-6-(4-
chiorophenyl}-3-methyipiperidin-2-one (3.25 g, 6.13 mmol, Example 1, Step H) and
sodiurma periodate (1.33 g) in cthyl acetate (12 mb), acctonitrile (12 mL) and water (18
mi}at 18 °C. The temperature rose to 25 °C upon addition. Additional sodium
periodate was added in five 1.33 g portions over 30 minutes while maintaining the
temperature below 22 °C. LCMS afier 1.5 hours indicated that the reaction was
incomplete, and sodium periodate (1 equivalent) was added.  After 1.5 hours the
reaction mixture was vacuum filtered, washed with cthyl acetate, and the layers were

separated. The aquecus layer was extracted with ethyl acetate and the organics were

~3
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combined, washed with brine, dried over magnesium sulfate, filtered and concentrated
snder a vacuom to provide a green ol Purification by flash chromatography (330 ¢ Si0;
column, gradient ehution of 8% to 20% isopropano! in hexanes provided the title

compound as a white solid.

"HNMR (500 MHz, CDCL, s ppm)y -1.15t0 -1.05 (m, 1H), -0.35 t0 -0.25 (m, 1H},
0.18-0.28 (r, 1H), 0.33-0.40 (m, TH), 145 (s, 9H), 1.51 (s, 3H), 1.86 (dd, /= 2.7 and
13.7 He, 1HY, 1.87-1.93 {m, 1H), 247 (1, /=139, 1H), 2.72-2.76 (m, 1H), 2.76 (d, /=
185 He, 1H), 2.93(d, J= 137 He, 1H), 312, /=151 He, 1H), 312 (dt, /=27 and
12.5 Hz, 1H), 4.29{(t, /= 11.5 Hz, 1H), 495 (d, /= 10.8 Hz, 1H)}, 6.86-6.89 (m, 1H),
6.96 (br s, 1H), 7.08-7.14 (m, 3H), 7.15-7.35 (m, 3H). MS (ESD 580.2 [M + H]".

EXAMPLE 2

2-{(3R,5R,65)-1-({5)-2-{rert-Butylsulfonyi}-1-cyclopropylethyl}-5-(3-chlorophenyl}-6-(4-

chlorophenyl}-3-methyl-2-oxopiperidin-3-yhacetamide

Oxalyl chlonde (8.033 mL, 0.379 mmol) was added to a solution of 2-{((3R,5R,65)-1-{(5)-
2-{ tert-bratylsulfonyly-1-cyclopropylethyl)-5-(3-chlorophenyl}-6-{4-chlorophenyi}-3-
methyl-2-oxopipenidin-3-yhacetic acid (5.200 g, 0.344 mumol, Exawple 1, Step Hy in
anhydrous dichloromethane (1.5 mL} at room temperature. The reaction mixture was
stirred at room temperature for 1 hour and then concentrated under a vacuum o provide
the acid chloride as a white foam (206 mg). Lithtum bis(trimethyisitylhamide (1.0 M in
tetrahydrofuran, 0.516 mL, 0.516 romol} and anhydrous tetrahydrofuran (0.5 mL) were
added at room temperature. The reaction mixture was stirred at roowm temperature for 3.5
hours and was then diluted with I N hydrochloric acid and extracted with ethyl acetate
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thrice. The organics were pooled, washed with brine, dried over sodium sulfate, decanted
and concentrated under a vacaum to provide a vellow foam. Purification by {lash
chromatography (12 g Sith column; gradient elution of 35% to 100% cthyl acetate)}

provided the title compound as an off-white foam.

"HNMR (500 MHz, CDCL, 6 ppm)y: -1.10 10 -1.060 (m, 1H), -0.38 to -0.325 (m, 1H)},
0.17-0.26 (m, 1H), 0.30-0.38 (m, 1H), 1.43 (s, 3H), 1.44 (s, 9H), 1.85-1.92 (m, 1H),
2.00(dd, /=27 and 13.5 Hz, 1H), 2.39 (1, J=13.7, 1H)}, 2.65-2.75 (m, 1H), 2.73-2.80
{ra, 2H), 2.90-2.96 (m, 1H}, 3.31 (dt, J= 2.9 and 10.8 Hz, 1H), 4.30-4.38 {m, 1H}, 4.96
(d, /=108 Hz, 1H)}, 5.63 (brs, 1H}, 6.64 (brs, 1H}, 6.90-691 (m, 1H)}, 7.00 (s, 2ZH),
7.06-7.11 (m, 3H), 7.12-7.29 {m, 2H). MS (ESD) 579.2 [M + H]".

EXAMPLE 3

2-{(3R,5R,65)-1-({5)-2-{rert-Butylsulfonyi}-1-cyclopropylethyl}-5-(3-chlorophenyl}-6-(4-

chlorophenyl)-3~-methyl-2-oxopiperidin-3-yh)-N-phenylacetamide

N-(3-Dimethylaminopropyl)-N'-cthylcarbodiimide hydrochloride (EDC, 8.117 g, 0.612
wmmol) was added to a solution of 2-((3R,SR,65)-1-((8)-2-(rerr-butylsulfonyl-1-
cyclopropylethyl}-5-(3-chlorophenyl}-6-(4-chlorophenyt)-3-methyl-2-oxopipendin-3-~
yhacetic acid {(0.118 g, 0.204 ramol, Example 1, Step H) and aniline (0.020 mL, 0.225
mmol) at § °C. After the addition was complete, the reaction mixture was removed from
the ice bath and stirred at room temperature for 19 hours, The reaction mixture was
diluted with ice-cold T M hydrochloric acid to adjust the pH to 1 and the solution was
extracted twice with cther. The combined organic layer was washed with brine, dried
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over sodium sulfate, decanted and concentrated under a vacuum to provide an orange oil.
Purification by flash chromatography (12 g 510, colurn, gradient elution of 15% to

100% ethyl acetate in hexanes provided the title compound as a white foam.

"H NMR (500 MHz, CDClL, 8 ppm): -1.32 to -1.20 (m, 1H), -0.40 to -0.28 (m, 1H), -
0.28 to -0.10 (m, 1H), 0.30-0.40 (m, 1H), 1.45 (s, 9H), 1.47 (s, 3H), 1.94 {(brs, 1H), 2.07
(dd, J=2.7and 13.7 Hz, 1H), 239 (¢, J = 13.7, 1H), 2.67-2.73 {m, 2H), 295 (¢, /= 13.5
Hz, 2H), 330 (dt, /=27 and 110 Hz, 1H}, 431 {(brt, /=117 Hz, 1H), 494 {d, /= 10.8
Hz, 1H), 6.86-6.89 (m, 1H), 6.99 (s, IH), 7.02-7.09 (m, 6 H), 7.17 (4, J = 7.3 Hz, 1H},
7.38 (t,J=8.3 Hz, 2H), 7.66 (d, J= 7.8 Hz, 2H). MS (ESD 655.3 [M + HY".

EXAMPLE 4

2-{(3R,5R.65)-1-((5)-2-{tert-Butylsulfonyl}-1-cyclopropylethyt)-6-(4-chioro-3-

fluorophenyl})-5-(3-chlorophenyl-3-methyl-2-oxopiperidin-3-yliacetic acid

Step A. Methyl -4-chloro-3-fluorobenzoate

F
Cl

0]

~
O

A solution of 4-chloro-3-fluoro benzoic acid (450.0 g, 2.586 mol, Fluororochem,
Derbyshire, UK} in methanol (4.5 L) was cooled to § °C and thiony! chloride (458.0 mL)
was added over 30 minutes. The reaction mixture was stirred for 12 hours at ambient

temperature. The reaction was monitored by TLC., Upon completion, the solvent was
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removed under reduced pressure and the residue was quenched with 1.0 M sodium
bicarbonate solution (500 wl). The agueous layer was extracted with dichloromethane (2
x 5.0 1}, The combined organic layer was washed with brine (2.5 L}, dried over
anhydrous sodiurn sulfate and concentrated under reduced pressure afforded the title
compound as light brown solid. The crude compound was used in the next step without

further purification.

"HNMR {400 MHz, CDClL, ¢ ppm} 7.82-7.74 (m, 2H)}, 746 (dd, /= 8.2, 7.5 Hz, 1H)},
3.92 {s, 3H).

Step B, 1-{4~chloro-3-tluorophenyl}-2-(3-chlorophenylhethanone
O
T
cl ‘

Sodium bis{(trimethylsilyljamide (1 M in tetrahydrofuran, 4 L, 4000 mmol} was added

Cl

over 1 hour to a solution of 3-chlorophenyl acetic acid (250.0 g, 1465 mmol) in
anhydrous tetrahydrofuran (1.75 L) at -78 °C under mitrogen. The resulting reaction
mixture was stirred for an additional hour at -78 °C, Then, a solution of methyl-4-chloro-
3-fluorcbenzoate (221.0 g, 1175 mmol, Exanple 4, Step A) i tetrabydrofuran (500 wl)
was added over 1 hour at -78 °C, and the resulting reaction mixture was stirred at the
same temperature tor 2 hours. The reaction was monttored by TLC. On completion,
reaction mixture was quenched with 2 N hydrochloric acid (2.5 L) and aqueocus phase
was exiracted with ethyl acetate (2 x 2.5 L). The combined organic layer was washed
with brine (2.5 L), dried over anhydrous sodium sulfate and concentrated under reduced
pressure to provide the crude material which was purified by flash column
chroratography (silica gel: 100 to 200 mesh, product eluted i 2% ethyl acetate in

hexane) to afford the title compound as a white solid.
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"H NMR (400 MHz, CDCls, 8 ppm): 7.74 (ddd, 7= 10.1, 8.9, 1.8 Hz, 2H), 7.56-7.48 (m,
THy, 7.26 (4, /=64 He, 3H), 712 (d, /= 5.7 Hz, 1H), 4.22 (s, 2H), MS (ESI) 282.9 [M
+HY.

Step €. Methy! 5-(4-chloro-3-fluorophenyl}-4-(3-chloropheny-2-methyl-3-

oxopentanoate

Methyl methacrylate (125.0 g, 1097 mmol) and potassium feré-butoxide (1 M in
tetrahydrofuran, 115 mL, 115 rowol) were sequentially added to a solution of 1-(4-
chioro-3-fluorophenyl -2-(3-chiorophenyllethanone (327.0 g, 1160 mumol, Example 4,
Step B) in anhydrous tetrahydrofuran (2.61 L}, at 0 °C. The reaction mixture was stirred
for 1 hour at § °C and then warmed to ambient temperature and stirred for 12 hours. On
completion, the reaction was quenched with water (1.0 L) and extracted with cthyl
acetate (2 x 2.5 L. The combined orgaumic layer was washed with brine, dried over
anhydrous sodium sulfate and concentrated under reduced pressure to get the crude
wmaterial which was purified by flash columm chromatography (silica gel: 60 1o 120 mesh,
product cluted in 4% cthyl acetate in hexane} affording the title compound (mixture of

diastercomers) as light yellow lqud.

"H NMR (400 MHz, CDCL, 8 ppm): 7.74-7.61 (m, 4H), 7.47-7.40 (m, 2H), 7.28-7.18
{m, 6H}, 7.16-7.10 (m, 2H), 4.56 {m, 2H}, 3.68 (5, 3H), 3.60 (s, 3H}, 2.50-2.39 (m, 2H},
2.37-2.25 (m, 2H), 2.10-2.02 (m, 1H), 1.94 (ddd, J=13.6, 9.1, 42 He, 1H), 1.21 (d, /=
7.0 Hz, 3H), 115(d, J= 7.0 Hz, 3H), MS(ESD 383.0 {M + HJ.

Step D, (38,3R,6R)-6~{(4-Chlorvo-3-fluorophenyl}-5-(3-chlorophenyl}-3-methyltetrahydro-
2H-pyran-2-one and (3R,5R,6R)-6-(4-chloro-3-fluorophenyl}-5-(3-chlorophenyl}-3-

methyltetrahydro-2/{-pyran-2-one
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0 0

A
\‘\

O .
. and o
T QL ; L
F Cl F Cl

In a 2000 mL reaction vessel charged with methy! 5-{4-chloro-3-fluorophenyl}-4-(3-
chlorophenyl)-2-methyl-5-oxopentancate (138.0 g, 360 mmol, Example 4, Step C)
{which was cooled on ice for 10 minutes before transferring to 8 glove bag) anhydrous 2-
propanol (500 mL), and potassium rer-butoxide (16.16 g, 144 mmol) were sequentially
added while in a sealed glove bag under argon. This mixture was allowed to stir for 30
minutes. RuCly{S-xylbinap)(S-DAIPEN) (1.759 g, 1.440 numol, Stremn Chemicals, Ine.,
Newburyport, MA, weighed in the glove bag) 1n 30.0 ol toluene was added. The
reaction was vigorously stirred at room temperature for 2 hours. The vessel was seton a
hydrogenation apparatus, purged with hydrogen 3 times and pressurized 1o 50 psi (3447
kPa}. The reaction was allowed to stir overnight at room temperature. On completion, the
reaction was quenched with water (1.5 L) and extracted with ethyl acctate (2 x 2.5 L),
The organic layer was washed with brine (1.5 L), dried over anhydrous sodium sulfate
and concentrated under reduced pressure to get crude material which was purified by
flash column chromatography (silica gel; 60-120 mesh; product shuted in 12% ethyl

acetate in hexane) to provide a dark colored lignid as a mixture of diastercomers.

The product was dissolved in (240.0 g, 581 mmol} in tetrahydrofuran (1.9 L) and
methanol (480 ml.), and lithium hydroxide monohydrate (2.5 M aqueous solution, 480.0
mi.} was added. The reaction mixture was stirred at ambient temperature for 12 hours. On
completion, the solvent was reraoved vnder reduced pressure and the residue was
acidified with 2 N hydrochloric acid to a pH between 3 and 6. The aqueous phase was
extracted with ethyl acetate (2 x 1.0 L), The combined organic layer was washed with
brine (750 milL.), dried over anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure to provide a dark colored ligquid, which was used without further

purification.
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A portion of the crude interruediate (25.4 g, predominantly seco acid) was added to a 500
mi round bottom flask, equipped with a Dean-Stark apparatas. Pyridinium p-
tolucnesulfonate (0.516 g, 2.053 mmol) and toluene (274 mL) were added, and the
mixture was refluxed for 1 hour (oil bath terperature about 150 °C). The reaction was
cooled to room temperature and concentrated under reduced pressure. The reaction was
diluted with saturated agueous sodium bicarbonate (150 ml), extracted with diethyl ether
{2 x 150 mL}, and washed with brine (150 mL). The combined organic layer was dried
over magnesiom sulfate, iltered and concentrated under reduced pressure. Purification
by flash column chromatography {(divided into 3 portions, 330 g S8i0y/cach, gradient
elution of 0% to 30% acctone in hexanes, 35 minutes) provided the fitle compounds as a

pale yellow solid and a 1:1.6 mixture of diastereomers at C2. MS (ESH) 353.05 [M + HY.

Step E. (358,5R,68)-3-Allyl-6-(4-chloro-3-{flnoropheny-5-(-~chlorophenyl)-3-

methyltetrahydro-2H-pyran-2-one

\‘\\

Cl

Cl

{(38,5R.6R}-6~(4-Chloro-3-fuorophenyl}-5-(3-chlorophenyl)-3-wethyltetrahydro-2 /-
pyran-2-one and (3R,5R,6R}-6-(4-chloro-3-fluorophenyl}-5-(3-chlorophenyl}-3-
methyltetrahydro-2/-pyran-2-one (18 g, 51.0 rumol, Example 4, Step D) was added to an
oven dried 500 mL round-bottom flask. The solid was dissolved i anhydrous toluene
and concentrated to remove adventitious water, 3-Bromoprop-1-ene (11.02 mL, 127
mimol, passed neat through basic alumina prior to addition) in tetrahydrofuran (200 ml)
was added and the reaction vessel was evacuated and refilled with argon three times.
Lithiam bis(trivocthylsilybarmde (1.0 M, 56.1 mL, 56.1 wamol) was added dropwise at -
44 °C (dry ice/acetonitriie bath) and stirred under argon. The reaction was allowed to

gradually warm to ~10 °C and stivred at ~10 °C for 3 hours. The reaction was quenched
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with saturated ammoniam chloride (10 mL), concentrated, and the crude product was
diluted m water (150 raL) and diethyl ether (200 vall). The layers were separated and the
aqueous layer was washed twice more with dicthyl ether (200 mI/each}. The combined
organic layer was washed with brine (100 L), dried over magnesium sulfate, filiered,
and concentrated under reduced pressure to a residue. The residue was purified by flash
chromatography (2 x 330 g silica gel columns, gradicnt elution of 0% to 30% acctone i
hexanes) to provide the title compound as a white solid. The product can alternatively be
crystallized from a minimum of hexanes in dichloromethane. Enantiomeric excess was
determined to be 87% by chiral 8FC (90% €Oz, 10% methanol (20 mM ammonia), 5.0
mL/min, 100 bar {10,000 kPa}, 40 °C, 5 minute method, Phenomenex Lux-2
{Phenomenex, Torrance, CA} (100 mm x 4.6 mm, 5 um column), retention times; 1.62
min. {minor) and 2.17 min. (major}). The purity could be upgraded to > 98% through
recrystallization 1 hexanes and dichloromethane.

"H NMR (400 MHz, CDClL, 8 ppm): 7.24-7.17 (m, 3H), 6.94 (s, 1H), 6.80(d, /= 7.5
Hz, 1H}, 6.48(dd, /=100, 1.9 Hz, 1H), 6.40(d, /=83 Hz, 1H}, 5.90-5.76 (m, 1H),
5.69(d,J=52Hz, 1H), 5.20-5.13 (o, 2H), 3.81 (dd, /= 13.9, 6.9 Hz, 1H), 2.62 {dd, J =
13.8,7.6 Hz, 1H}, 2.50(dd, /=138, 73 Hz, 1H), 1.96(d, /=84 Hz, 2H), 1.40 (s, 3H}.
MS (ESI)393.1 M + HY.

Step F. (25)-2-((2R)-3-(4-Chloro-3-fluorophenyl)-2-(3-chlorophenyi}-3-hydroxypropyl)-
N-{{S)I-cyclopropyl-2-hydroxyethyl-2-methylpent-4-enamide

HO

O

HO

W

T QL
F Cl

Sodiurn methoxide (25% 1o methanol, 60.7 ml, 265 mmol) was added to a solution of

{8)-2-amino-Z-cyclopropylethanol hydrochloride (36.5 g, 265 mmol, NetChem Inc.,
Ontario, Canada) in methanol (177 mL) at 0 °C. A precipiiate formed during the
addition. After the addition was complete, the reaction mixture was removed from the

ice hath and warmed to room temperature. The reaction mixture was filtered under a
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vacuum and the solid was washed with dichloromethane. The filtrate was concentrated
ander a vacuum to provide a cloudy brown oil. The oil was taken up in dichloromethane
{150 mL), filtered under a vacuum and the solid phase washed with dichloromethane to
provide the filtrate as a clear orange solution. The solution was concentrated under a

vacuum to provide (8)-2Z-amino-2-cyclopropylethanol as a light brown hiquid.

(35,5R,6R)-3-Allyl-6-(4-chloro-3-fluorophenyl}-5-(3-chlorophenyi)-3-methyltetrahydro-
2H-pyran-2-one (32 g, 81 mmol, Example 4, Step E) was combined with (§)-2-amino-2-
cyclopropylethanct (26.7 g, 265 mmol) and the suspension was heated at 100 °C
overnight, The reaction ruxture was cooled to room teraperature, diluted with ethyl
acetate and washed with 1 N hydrochloric acid (2X}, water, and brine. The organic layer
was dried over magnesium sulfate and concentrated under vacuum to provide the title

compound as a white solid.

"HNMR (500 MHz, CDCl, ¢ ppm): 0.23-030 (m, 2H}, 0.45-0.56 (m, ZH), 0.81 (m,
1H), 1.12 (s, 3H), 1.92-2.09 (m, 3H), 2.39(dd, /= 13.6, 7.2 Hz, 1H), 2.86 (brs, 1H),
2.95{did, J=9.5,63,63,29 Hz, 1H),3.44 (dd, /= 11.0, 5.6 Hz, 1H)}, 3.49 {(m, 1H),
3.61(dd,J=11.0,29Hz, 1H),4.78 (d,/=5.6 Hz, 1H), 4.95-5.13 (m, 2H), 5.63 (m,
1H}, 599 (d, /=04 Hz, 1H}, 6.94-7.16 (m, 3H}, 7.16-7.32 (m, 4H). MS (ESI) 494 [M
+HT".

Step G. (35,53R,65)-3-Allyi-6-(4-chloro-3-fluorophenyl}-S-(3-chlorophenyl-1-((S)-1-

cyclopropyi-2-hydroxyethyl)-3-methylpiperidin-2-one
HO,
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A solution of (28}-2-((2R}-3-(4-chloro-3-fluorophenyl}-2-(3-chiorophenyl}-3-
hydroxypropy-N-({§)-1-cyclopropyl-2-hydroxyethyl}-2-methyipent-4-cnamide (40.2 g,
&1 mmol, Example 4, Step F) in dichloromethane (80 mi.} was added p-toluenesulfonic
anhydride (66.3 g, 203 munol) in dichloromethane (220 mL) at 0 °C ,and the reaction
mixture was stirred for 10 minntes at same the temiperatare. 2,6-Lutidine (43.6 mL, 374
mmol, Aldrich, St. Louis, MO} was added dropwise via addition funnel at 0 °C. The
reaction mixture was slowly warrued to roovu teraperatare, and then it was stirred at
reflux, Atter 24 hours, sodium bicarbonate (68.3 g, 814 mmol} in water (600 mL} and
1,2-dichloroethane (300 mL) were added 10 succession. The reaction mixture was heated
at reflux for an hour and then cooled to room temperature. The layers were separated and
the agueous layer was extracted with dichioromethane. The combined organic layer was
washed with 1 N hydrochloric acid, water, and brine, then concentrated under reduced
pressure, The residue was purified by flash chromatography (1.5 kg S10; columm,
gradient elution of 10% to 50% ethyl acetate in hexanes} to provide the title compound

as a white solid.

"HNMR (500 MHz, CDClL;, ¢ ppm): 0.06 (m, 1H), 0.26 (m, 1H), 0.57-0.67 (m, 2H},
0.85 (m, TH), 1.25 (s, 3H}, 1.85-2.20 (r, 2H), 2.37-2.65 {m, 2H), 3.0%9 (ddd, /= 11.§,
98,48 Hz 1H), 3.19(t, J=10.0Hz, 1H),3.36(d, /= 103,46 Hz, 1H), 3.63(dd, J =
11.0, 4.6 Hz, 1H), 4.86 (4. /=100 Hz, 1H), 5.16-5.19 (m, 2H}, 5.87 {m, 1H), 6.77 (dd, J
=77,1.6 Hz, 1H}, 6.80-6.90 (m, ZH), 7.02 (1, /=20 Hz, TH}, 7,16 (dd, /= 10.0, 7.7
Hz, 1H), 7.21(dd, /=100, 1.6 Hz, 1H), 7.29 (t, /= 10.0 Hz, 1H}, M5 (ESI} 476 [M +
HY.

Step H. (35,58,6R,85)-8-Allyl-5-(4-chloro-3-flucrophenyl-6-(3~chlorophenyi)-3-
cyclopropyi-&-methyl-2,3.5,6,7 8-hexahydrooxazolo[3,2-alpyridin-4-tum 4-

methyibenzevesulfonate

-
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p-Toluenesulfonic acid monohydrate (30.3 g, 159 mmol, Aldrich, St. Louis, MO} was
added to a solution of (35,5R,65)-3-allyl-6-{4-chloro-3-fluorophenyl}-5-(3-chlorophenyl)-
1-{(8)I-cyclopropyl-2-hydroxyethyi)-3-methylpiperidin-Z-one (73.6 g, 154 mmol} in
toluene (386 mL}). The reaction mixture was heated at reflux using a Dean-Stark
apparatus. After 4 hours, the reaction was cooled and concentrated under reduced
pressure to provide the title compound as a pale yellow syrap. The crude product was

used in next step without further purification.

"HNMR (500 MHz, CDCl, ¢ ppmy: -0.25 to -0.10 (m, 2H), 0.08-0.18 (m, 1H), 6.33-
0.50 (m, 2H), 1.57 (5, 3H), 1.92(dd, /=37 and 139 Hz, 1H}, 2.37 (5, 3H}, 2.63 (dd, J =
73 and 13.7 Hz, 1H), 2.72 (dd, J=7.6 and 13,7 Hz, 1H), 293 (, /= 13.7 Hz, 1H), 3.29
{m, TH), 4.51(t, J=R8.6 He, 1H), 4.57-4.63 (m, 1H), 5.33 (4, /=171 Hz, 1H}, 5.37 (4, J
=105 Hz, 1H)}, 547 (dd, /J=9.1 and 10.0 Hz, 1H}, 5.75-5.93 (m, 2H), 6.80 (br s, 1H),
7.08 (s, 1H), 7.16-7.20 {m, 5H}, 7.25-7.32 (m, 2H), 7.87 {d, J = 8.3 Hz, 2H). MS(ESDH
458 (M + H]".

Step L (35,58,65)-3-Allyl-1-({8§)-2-{rert-butylthio}- 1 -cyclopropylethyi}-6-(4-chloro-3-

fluorophenyly-5-(3-chlorophenyl)-3-methylpiperidin-2-one
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2-Methyl-2-propanethiol (15.25 mL, 135 mniol, dried over activated 4 A molecular
sieves) was added to a sohution of Hithium bis{trimethylsilybamide in tetrahydrofuran (1.0
M, 135 miL, 135 mumol} at room temperature under argon tn a 300 mL round-bottomed
fiask. The reaction mixture was heated to 60 °C, After 30 munutes, a solution of
(38,58,6R,85)-8-allyl-5-(4-chloro-3-fluorophenyl -6-(3~-chlorophenyl}-3-cyclopropyl-8-
methyl-2,3.5,6,7,8-hexahydrooxazolof3,2-alpyridin-4-iurm 4-methylbenzenesultonate (78
g, 123 mmol, Exaruple 4, Step H) in anhydrous tetrahydrofuran (100 ml) was added via
cannula. The reaction mixture was heated at 60 °C for 3 hours and then cooled to room
temperature, The reaction nuxture was quenched with water and extracted thrice with
ethyl acetate. The organics were pooled, washed with brine, dried over magnesium
sulfate, filtered and concentrated under a vacuum to provide a yellow foam. Purification
by flash column chromatography (1.5 kg 510, column, gradient elution with 5% to 30%

cthyl acetate 1n hexanes provided the title compound as an off-white foam.

"HNMR (400 MHz, CDCL, 0 ppm): -0.89 t0 -0.80 (m, 1H), -0.15 t0 -0.09 (m, 1H},
0.27-0.34 (o, TH), 0.41-0.48 {m, 1H), 1.28 (s, 3H}, 1.35 (s, 9H), 1.70-1.77 (m, 1H),
1.86(dd, J=31and 13.5 Hz, 1H), 2.16 (1, /= 13.7, 1H), 2.17-2.23 {m, 1H), 2.60-2.63
(v, 310, 3.09 (dt, /= 3.1 and 10.4 He, 1), 3.62 (4, J = 11.1 Hz, 1H), 4,70 (d, J = 10.1
Hz, 1H}, 5.16 (s, 1H), 5.19-5.21 {m, 1H), 5.82-5.93 (m, 1H}, 6.65-6.80 {m, 1H), 6.80-
6.83 (1, 1H), 6.84-6.98 (m, 1H), 7.05-7.07 (m, 1H), 7.12-7.18 {m, 2H), 7.19-7.26 (m,
TH). MS (ESI) 5482 M + HT"

Step J. 2-({(3R,5R,681-1-((8)-2-{¢ert-Butylsulfonyl)- 1 -cyclopropylethyl)-6-(4-chloro-3-~

fluorophenyl})-5-(3-chlorophenyl-3-methyl-2-oxopiperidin-3-yliacetic acid
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Ruthenium(iI1} chloride hydrate (0.562 mg, 2.493 mmol) was added to a mixture of
(35,5R,68)-3-allyl-1-{((§)-2~{rert-butvithio}- T -cyclopropylethyl)-6-(4-chloro-3-
fluorophenyhy-5-(3-chlorophenyl}-3-methylpiperidin-2-one (62.17 g, 113 mmol, Example
4, Step Iy and sodium periodate (24.67 g) in othyl acetate (216 mL), acetonitrile (216 mL)
and water (324 ml.} at 20 °C. The temperature quickly rose to 29 °C. The reaction
mixture was cooled to 20 °C and the remaining equivalents of sodium periodate were
added o five 24.67 g portions over 2 hours, being careful to maintain an 1nternal reaction
temperature below 25 °C. The reaction was incomplete, so additional sodium periodate
{13 g) was added. The temperature increased from 22 °Cto 25 °C. After stirring for an
additional 1.5 hours, the reaction mixture was filtered under a vacuum and washed with
ethyl scctate, The layers were separated and the aqueous layer was extracted with ethyl
acetate. The organics were pooled, washed with brine, dried over magnesium sulfate,
filiered and concentrated under 4 vacuum to provide a dark green foam. Purification by
flash column chromatography (1.5 kg Si0; columm, gradient elation of (% to 20%
isopropancl in hexanes) provided an off-white foam. 15% Ethyl acctate in heptanes (970
mb} was added to the foam, and the mixtare was heated at 80 °C until the foam
dissolved. The solution was then cooled slowly, and at 60 °C the solution was seeded
with previously obtained crystalline material, The mixture was cooled to room
temperature and then allowed to stand at room temperature tor 2 hours before collecting
the solid by vacuum filtration to provide a white solid with a very pale pink hue (57.1 g).
The mother liguor was concentrated under a vacuum to provide a pink foam (8.7 g}, 15%
cthyl acetate 1o heptanes (130 mbL) was added to the foam, and it was heated at 80 °C 1o
completely dissolve the material. The solution was cooled, and at 50 °C, it was seeded
with crystalline material. After cooling to room temperature the solid was collected by

vacuum filtration to provide a white crysialline solid with a very pale pink hue.

'H NMR (500 MHe, CDCL, 8 ppm): -1.10 to -1.00 {m, 1H), -0.30 10 -0.22 (m, 1H),
0.27-0.37 {m, 1H}, 0.38-0.43 (m, 1H), 1.45 (s, 9H), 1.50 (s, 3H), 1.87 (dd, J=2.7 and
137 Hz, 1H), 1.89-1.95 (m, 1H), 246 (1, /=137, 1H)}, 2.69-2.73 (m, 1H), 2.78 (d, /=
149 Hz, 1HY, 293 (dd, /=2.0and 13.7 Hz, 1H), 3.07 (4, /=149 Hz, 1H}, 3.11 (&, J=
2.7and 11.0 He, 1H), 430 (4, /=135 Hz, 1H), 498 (d, /= 10.8 Hz, 1H), 6.75-6.87 (m,

50
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1H), 6.88-6.90 (m, 1H)}, 698 (brs, 1H}, 7.02-7.09 (m, 1H), 7.11-7.16 {m, 2H), 7.16~
7.25 (xu, 1H). MS (ESI) S98.1 {M + HJ .

EXAMPLE 3
4-02-((3R SR, 68)-1-({S)-2~{tert-Butylsulfonyl}- 1 -cyclopropyicthyl}-6-(4-chloro-3-

fluorophenyi}-5-(3-chlorophenyl}-3-methyl-2-oxopiperidin-3-yDacetamido}-2-

methoxybenzoic acid

Step A. Methyl 4-(2-((3R, 3R, 68)-1-({S)-2~(fert-butylsulfonyl)-1-cyclopropylethyl}-6-(4-
chiorg-3-fluorophenyt)-5-(3-chiorophenyl}-3-methyl-2-oxopiperidin-3-yljacetamido-2-

methoxybenzoate

N-(3-Dimethylaminopropyl}-N'-ethylearbodiimide hydrochloride (EDC, 76 g, 398 mmol)
was added to a mixture of 2-((3R,5R,65)-1-{(S)-2-{tert-butylsulfonyt)-1-
cyclopropylcthyl}-6-(4-chloro-3-fluorophenyl}-5-(3-chiorophenyl)-3-methyl-2-
oxopiperidin-3-yhacetic acid (79.4 g, 133 wmmol, Example 4, Step 1) and methyl 4-amino-
2-methoxybenzoate (26.4 g, 146 mmol) in pyridine (332 mi} at 3 °C. The mixture was

allowed to warm to room temperature and was stirred at voom temperature for 16 hours,
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The reaction mixture was cooled to 0 °C and added to an ice-cold solution of 1 M
hydrochioric acid (1 L), Ether (1 L) was added and the layers were agitated and theun
separated. The organic layer was washed with 1 M hydrochloric acid (6 x 50608 mL},
saturated aqueous sodium bicarbonate (500 mL}, brine (500 mL), dried over magnesium

sulfate, filtered and concentrated under a vacuum to provide an off-white foam.

"HNMR {400 MHz, CDCl3, 6 ppmy -1.2010-1.12 (m, TH}, -0.35 10 -0.20 (m, 1H),
0.05-0.20 (m, 1H), 0.32-0.45 (m, 1H), 1.45 {5, 9H), 148 (5, 3H), 1.86-1.98 (m, 1H),
203(dd, J=2.Tand 13.7 Hz, TH), 2,43 (, J= 137, 1H), 2.64-2.75 {m, 1H}, 2.80 (4, /=
14.3 Hz, 1H), 2.89-2.96 (m, 2H), 3.24 (dt, /=2.5 and 10.8 Hz, 1H), 3.89 (s, 3H), 3.96 (s,
3H), 4.28-4.36 (m, 1H), 498 (d, /= 10.8 Hz, 1H), 6.85-6.93 (m, 3H), 6.99 (br s, 1H),
7.06-7.18 (m, 4 H), 7.82 (brs, 1H), 7.85(d, /=84 Hz, 1H}, 8.81 (brs, 1H). MS(ESD
761.2 (M +HT]

Step B. 4-(2-({3R,5R,65)-1-{(8)-2-(tert-Butylsulfonyl)-1-cyclopropylethyi)-6-{4-chloro-
3-fuorophenyl}-S-(3~chlorophenyl)-3-methvl-2-oxopipenidin-3~-yhacetamido)-2-

methoxybenzoic acid

A solution of lithium hydroxide monohydrate (18.2 g, 433 mumol) in water (295 ml) was
added to a solution of methyl 4-(2-((3R,5&,65)-1-((8})-2-{fert-butvisulfonyi}-1-
cyclopropylethyl}-6-(4-chlorg-3-fluorophenyty-5-3-chiorophenyl}-3-methyl-2-
oxopiperidin-3-yhacctamido}-2-methoxybenzoate (164.9 g, 217 muuol, Example 5, Step
A} in tetrahydroturan (391 mL} and methanol (197 mL} at room temperature. After
stirring for 15 hours at roorm temperature, a frace amount of the oster rernained, so the
reaction mixture was heated at 50 °C for 1 hour. When the reaction was complete, the
nmixture was concentrated under a vacuum to remove the tetrahydrofuran and methanol.
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The thick mixture was diluted with water {1 L} and | M hydrochloric acid {1 L) was
added. The resulting white solid was collected by vacuur filtration in a Blichuer funnel
The vacuum was removed, and water (1 L} was added to the filter cake. The material
was sitrred with 4 spatula to suspend it evenly in the water. The hguid was then removed
by vacuum filtration. This washing cycle was repeated three more times to provide a
white solid. The solid was dried under vacuum at 45 °C for 3 days to provide the title

compound as a white solid.

H NMR (500 MHz, DMSO-ds) 8 ppm -1.30 to -1.12 (m, 1H), -0.30 to -0.13 (m, 1H),
0.14-0.25 (ro, 1H), 0.25-0.38 {m, 1H), 1.30 (s, 3H), 1.34 (s, 9H), 1.75-1.86 (m, 1H),
2.08-2.18 (m, 2H), 2.50-2.60 (m, 1H), 2.66 (d, J = 13.7, 1H), 3.02-3.16 (m, 2H), 3.40-
3.50 (m, 1H), 3.77 (s, 3H), 4.05-4.20 (ro, 1H), 4.89 (d, J= 10.5 Hz, 1H), 6.90-6.93 (m,
3H), 7.19 (d, J = 8.8 Hz, 1H), 7.22-7.26 (m, 3H}, 7.40-7.50 (m, 1H), 7.54 (br s, 1H),
7.68(d, J= 8.6 Hz, 1H) 10.44 (s, 1HD), 12.29 (brs, 1H). MS (ESI) 747.2 [M + HJ".

Bislogical Assays

Homogzenous time-resolved fluorescence assay {HTRF 1 and HTRF2 assavs)

The standard assay conditions for the in virro HTRFE assay consisted of a 50 pl
total reaction volume in black 384-weli Costar polypropylene plates in 1X PBS bufter pH
7.4, 1M DTT, 0.1% BRA, 2.5 nM GST-EMDM?Z (aa 1-188), 5 oM biotinylated-pS3 (aa
1-833, 1.8 nM SA-XLent (Cisbio; Bedford, MA}, 0.6 oM anti-GST cryptate monoclonal
antibody (Cisbio; Bedford, MA) and 200 oM KF. Amino acid residues 1-188 of human
MIDM2Z were expressed as an amino-terminal glutathione S-transferase (GST) fusion
protein (GST-hMDM2} in Escherichia coli. Residues 1-83 of human p33 were expressed
as an amino-terniinal AviTag' "-TrxA-6xHis fusion protein (biotinylated p33) in £. coli.
Each protein was purified from cell paste by affinity chromatography.

Specifically, 10 pl. of GST-hMDMZ was wncubated with 10 ul of diluted
compound {various concentrations, serially diluted} in 10% DMSO for 20 minutes at
room temperature. 20 uL of biotinylated-pS3 was added to the GST-hMDM2 +

compound mixture, and then incubated at room temperature for 60 minutes, 10 pl of

h
G2
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detection buffer consisting of SA-XLent, anti-GST cryptate antibody and KF was added
to GST-hMDM2Z, biotinylated-p53 and compound reaction and left at room temperature
to reach equilibrium for >4 hours. The final concentration of BMSO in the reaction was
2%. Time-resolved fluorescence readings were measured on a microplate multilabel
reader. Percentage of inhibition was calculated relative to nutlin-3.

For the HTRF2 assay, all assay conditions remained the same as described above,
with the exception of the following changes in reagent concentrations: 0.2 oM GST-

EMDM2 (1-18&), 0.5 nM biotinylated-p53 (1-83}, .18 nM SA-XLent, and 100 mM KF,

EdU assay

SISA-1 cells were plated at a density of 2.8 x 10° cells per well in 384-well coll
culture plates in 40 uL of growth medium and incubated for 24 hours at 37 °C and 5%
O, The growth medium consisted of RPMI 1640 medium (Sigma-Aldrich, St. Louis,
MO, supplemented with 10 mM HEPES, 1 mM sodiun pyruvate |, 1X Penicillin-
Streptomycin, ZmM Ghatamine, and 10% FBS.

On the following day, the growth maedium was removed and replaced with
compound medium which consisted of RPMI 1640 supplemented with 10 mM HEPES, 1
wM sodiam pyruvate, 1X Penicillin-Streptoraycin, 2 mM Ghutamine, and 10% huwwan
scrum. Test compounds dissolved in DMSO were diluted in compound medium and
added to the cells to a concentration range of 33 uM to 3 pM. The cells were treated with
compounds for 16 hours at 37 °C and 5% €O, for 16 hours, On day 3, the Chick-It EdU
HCS assay was used to determine cell proliferation status after compound treatment,
EdU dissolved in compound medium was added to cells to a final concentration of 10
M. The cells were then incubated for 1 hour at 37 °C and 5% C0,. After EAU labeling,
Chick-It EdU HCS assay procedures were performed according to the manufacturer's
instructions with assay volumes reduced to 25 pL to adjust for 384 well formats. In
short, cells were fixed by 4% formaldehyde and permeabilized with 8.1% Triton-X 100
in PBS, After washing with PBS, cells were treated sequentially with (Click-it reaction
butter and NuclearMask™ Blue stain. Cells then were washed and imaged using an
Opera High Content Screening System (PerkinElmer Life and Analytical Sciences). The

percentage of EAU incorporated cells was calculated and used for ICq calculations,

84



30

WO 2014/134201 PCT/US2014/018759

Chek-It EAU HCS assay kit was obtamned from Life Technologies {(Grand Island,
NY}, RPMI1640, L-Glutamine, HEPES and Sodium Pyruvate were obtained from
Celigro {Manassas, VA), 384-well cell culture plates were obtaned from PerkinBlmer
Life and Analytical Sciences {Waltham, MA). FBS was obtained from
HyClone/ThermoFisher Scientific (Logan, UT), and human serum was obtained from
Bioreclamation (Hicksville, NY). The 8ISA-1 cell hine was obtained from ATCC
{Manassas, VA).

Vahues from DMSO-treated wells were normalized to POC (percent of control} =
100, and no-EdU-labeled cells to POC = 0. 15 values were determined by using the
Genpedata Screener V9.0.1.The curve fitting algorithm used for dose response data
analysis in Genedata Screener 1s a custom imaplementation of a robust curve-fitting
algorithm called ROUT (Robust regression with outhier detection} and uses a four-
parameter logistical (4PL) Hill model. This aigorithm performs a robust, non-lincar
regression, analyzes the residuals of the data points to detect outliers, and then perfors a

stimple curve it ignoring data points previously defined as cutliers.
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The ROUT implementation fits and returns the four it parameters (So, Sint, ACS0 1P,

nHilly and it results (Max Activity, ACS0 Transit) along with thewr 95% confidence

intervals:

Fit Deseription

Parameter

SO Signal in the absence of corapound

Sinf Signal at infinite compound concentrations

ACS0 1P Concentration at the pomnt of inflection {relative ACS50)

nHill Hill parameter; Slope at the point of inflection

Result Diescription

Max Value at the maximum {(unmasked) concentration tested {cmax)
Activity

ACSO Conceuntration where the fitted curve crosses 50% activity (absolute AC50)
Transit

Human hepatocvie intrinsic clearance assay

Cryopreserved human hepatocytes pooled from 20 donors (Celsis-ln Vitro
Technologies, Baltimore, MDD} were used to determine the intrinsic clearance of the
Example cornpounds. The viabilities of the hepatocytes in incubations were 70 to 75%.
Fach Example compound was incubated at a concentration of 500 nM in a cell incubation
medium (Celsis-In Vitro Technologies, Baltimore, MD) containing hepatocytes at a
density of 1 million cells/mL. One aliguot of incubation mixtare (100 ul.} was prepared
for each time point. The incubations were carried out in a 37 °C incubator under an
atmosphere of 95% air and 5% CO; at 100% relative humidity with shaking at 1400 rpm.
At G, S, 15, 30, 60 and 90 munutes, aliguots of mmcubation mixture were removed from the
incubator, and quenched with acetonitrile containing 8.1 % (v/v) formic acid and internal
standard (7-hydroxy-4-trifluoromethylcoumarin}. Samples were then centrifuged at 5700

rpm {6100 g) at 4 °C for 10 minutes. Supernatants were transferred to a sample plate,
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nixed with equal volume of water containing 0.1% formic acid, and analyzed using LC-
MS/MS.

The LC-MS/MS system for sample analysis conststed of a reverse phase UHPLC
{Shimadzu Model Nexera LC-30AD, Shimadzu Scientific Instruments, Inc, Columbia,
MDYy interfaced with an API4000 triple quadruple mass spectrometer operating in
negative ion mode (Apphed Biosystems, Inc., Foster City, CA). Chromatographic
separation was achieved using a Phenomenex Kinetex Luna Cis column (Phenomenex,
Torrance, CA} (2 x 50 mm, 2.6 pm) maintained at 55 °C with a mobile phase flow rate of
1.2 mL/min. The mobile phase consisted of 8.1% formic acid in water {A) and 6.1%
formic acid in acetonitrile (B). A gradient elution program was applied as follows: an
initial lnearly mcreased from 95% A /5% B to 5% A/ 93% B in 0.8 minutes and held at
5% A/ 95% B for 0.2 min, then returned to 95% A/ 5% B in 0.1 minute and re-
equilibrated at this composition for additional 0.5 minutes prior to the next injection. The
appropriate nultiple reaction monitoring (MRM) transition was used for the detection of
cach Example compound, and the MRM transition m/z 229.2 — 201.2 was used for the
detection of internal standard (7-hydroxy-4-trifluoromethylcourarin,

Intrinsic clearance (Cliy) was calculated from in vitro tip of the Example
compound in hepatocyte incubation based on the foliowing equations {Obach, 1997 and
1999):

_0.693

int
i,

~
| A

CL

References for human hepatocyte intrinsic clearance assay and calculation

Ye ., Jiang B.M,, Chan H,, Lixia J (in preparation for publication) Optimization
of Hepatocyte lntrinsic Clearance Assay for Human Metabolic Clearance Prediction:
Impact of Assay Conditions on Prediction Accuracy.

Obach RS (1997 Nonspecific binding to microsomes: impact on scale~up of in
vitro intrinsic clearance to hepatic clearance as assessed through examination of warfarin,

imipramive, and propravolol, Drug Metab Dispos 25: 1359-1369,

L
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Obach RS (1999) Prediction of human clearance of twenty-nine drugs from
hepatic microsomal intrinsic clearance data. An examination of in vitro half-live

approach and nonspecific binding to miicrosomes. Drug Metab Dispos 27: 1350-1359.

Human hepalocvie CYPLA2, CYP2B6, and CYP3A4 induction assay

Materials. Omeprazole, phenobarbital, rifampicin, dexamcthasone, dimethyl sulphoxide
(I3MSO), Krebs Henseleit Butter (KHB) (ingredicuts for KHEB = 0.30 g/l magoesium
sulfate heptahydrate, 0.16 g/L potassium phosphate monobasic, .36 g/L potassium
chloride, 6.95 ¢/l sodium chloride, 2.1 g/L sodiura bicarbonate, .38 ¢/l caleium
chloride dihydrate, 12.6 mM 4-(2-hydroxyethyl}- I -piperazinecthanesulfonic acid
(HEPES) in tissue culture water}, phenacetin, acetaminophen, bupropion hydrochloride,
testosterone, 6B-hydroxytestosterone, prazosin hydrochloride, cell-culture-grade water,
Dulbecco’s Modified Eagle’s Medium (DMEM), and William’s Medium E (WME) were
purchased from Stgma-~-Aldrich (St. Louis, M), lnsulin-transferrin-selenium supplement
(IT8), penicillin-streptomycin-L-glutamine supplement (PSG), fetal bovine serum {(FBS},
phosphate-buffered saline (PBS), cryopreserved hepatocyle recovery medium (CHRM),
and three individual-donor lots of cryopreserved adult human hepatocytes were obtained
from Life Technologies (Grand Island, NY). Collagen I-precoated 24~-well plates and
hydroxybupropion were acquired from Becton Dickinson Labware (Bedford, MA).
Branched DNA (h-DNA) probe scts for human CYPIA2, CYP2B6, CYP3A4, and 188
rRNA and the Panomics Discovery XL Kit were purchased from Affymetrix Ine. (Santa

Clara, CA).

in vitre Methods. On Day 1, Hepatocyte Plating Medium (HPM} was prepared by
supplementing DMEM to final concentrations of IX PSG, 1X ITS, 0.1 uM
dexamethasone, and 10% FBS. Formulation of Hepatocyte Maintenance Medium
{HMM) was accoruplished by supplementing WME to final concentrations of 1X PSG,
IXITS, and 8.1 pM dexamethasone. Vials of cryopreserved human hepatocytes were
thawed for 1.5 to 2 nunutes by swirling gently 1n a 37 °C water bath, imamcediately placing
cach individual hepatocyte lot into a CHRM vial, and centrifuging at 100g for 10 minutes

at 25 °C. The CHRM medium was removed from the pelleted hepatocytes, and cach
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individual lot was gently resuspended in HPM. Hach lot of hepatocytes was counted
psing a hemocytometer and diluted with HPM to a final concentration of 0,75 x 10° total
cells/ml.. The viability for each preparation was greater than or equal to 90%. Individual
lots were plated in collagen-coated 24-well plates with approximately 0.38 x 10°
cells/well. The hepatocytes were placed in a 37 °C incubator (Steri-Cult CO; Incubator,
Model 3310, Thermo Fisher Scientific, Waltham, MA} under an atmosphere of 95%
ai/5% COy and 90% relative hunudity, and cells were allowed a 3 1o 6 hour attachment
period. After the attachment period, the plating medium and unattached cells were
removed by aspiration and 37 °C HMM was added to each well (0.5 mL/well}, and the
cells were incubated overnight. On Day 2, the medium was aspirated and fresh 37 °C
HMM was reapplied to the cells for an overnight acclimation period, On Days 3 and 4,
the medium was aspirated and fresh 37 °C HMM containing cither DMSO (8.1%, vehicle
control}, omeprazole (50 uM, CYP1AZ positive control inducer), phenobarbital (1000
uM, CYP2B6 posttive control inducer), rifampicin (16 gM, CYP3A4 positive control
inducer), Examples 1 to 5 were applied to the wells (8.5 mU/well, N=3
wells/treatment/CYP isoforma). The Example compounds to be tested were prepared in
DMSO stock solutions resulting i final incubation concentrations of 0.1% DMSO.
Example compouund treatment was roautiaived for a total of 48 hours. Ou Day 3, the
medium was aspirated, and the hepatocytes were gently washed one time with KHB (37
°C, pH 7.4}, The KHB was removed, and a sccond application of KHB was administered
{(.5 ml/well). The hepatocytes were placed back into the incabator and allowed to
acclimate to the KHB for 10 nunutes. P450 enzyme activitics were subseguently
determined by the addition of marker substrates phenacetin (100 uM, CYPLA2 probe
substrate, 30-minute incubation} bupropion hydrochloride (100 uM, CYP2ZB6 probe
subsirate, 20-mnute incubation), and testosterone (200 pM, CYP3A4 probe substrate,
{4-minute incubation} which were dissolved in KHB (37 °C, pH 7.4, 0.5 mL/well), After
the subsirate incubation periods, the buffers were collecied and stored at -80 °C untdd
analyzed. Hepatocytes used for mRNA analysis were washed once in PBS (0.5 mL/well,
25 °C, containing calcium and magnesium) and protocol-prepared b-DNA lysis buffer

was added to each well (8.5 mE/well). The hepatocytes were lysed by gently pipetting
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the lysis buffer up and down five times, and the plates were stored at -80 °C until

analysis.

P450 Activity Analysis, Analysis and quantification of acetaminophen,
bydroxybupropion, and 6-hydroxytestosterone {metabolites for the CYPTAZ2
metabolism of phenacetin, CYP2B6 metabolism of bupropion hydrochloride, and
CYP3A4 wetabolism of testosterone, respectively) was performed by higuid
chromatography-tandem mass spectrometry on a system comprising a reverse phase high-
performance hquid chromatograph (Shimnadzu, Kyoto, Japan) and a triple guadrupole
mass spectrometer (API 5000, Applied Biosystems, Foster City, CA) using Turbo
TonSpray (Applicd Biosystems) via multiple reaction monitoring. Specimens (25 pb)
were loaded on a C18 column (Onyx Monolithic C18, 100 x 3.0 m; Phenomenex,
Torrance, CA}, and analytes were eluted with & linear gradient of mobile phase A (water
with §.1% acetic acid and 5% methanol} to B (water with 8.1% acetic acid and 95%
methanol} in 4.6 minutes, The flow rate was | mL/min, The metabolites were quantified
by comparison of peak area ratios of metabolite to internal standard (prazosin} to a
standard curve prepared using authentic acetaminophen, hydroxybupropion, and 6~

hydroxytestosterone.

P450 mRNA Analysis. CYPIAZ, CYP2B6, and CYP3A4 mRNA content was
determined with branched DNA (b-DINA) signal amplification technology using the
Panomics Discover XL Kit with assays performed according to the manufacturer’s
instructions. b-DNA probe scts containing captare extender, label extender, and blocking
probes for human CYPLA2, CYP2ZB6, CYP3A4, and 1858 rRNA were purchased from
Affymetrix Inc. Plate washing steps were performed on an E1x4035 autormated rcroplate
washer (BioTek Instruments Inc., Winooski, VT), and luminescence was analyzed on a
Luminoskan Ascent microplate luminometer (Thermo Lab Systems, Helsinki, Finland).
P450 mRNA levels were normalized to the mRNA levels of the housekeeping gene 18S

rRNA,
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Data Reporting. For cach P450 isoform for mRINA analysis, fold increases over vehicle
control (with vehicle coutrol set to 1.0) were caleulated for positive controls and cach
treatment group for the Example compounds. In addition, the percent of positive control

was calculated for mRNA levels for all treatment groups according to the equation:

% postiive control = [{activity of Example compound treated cells - activity of vehicle
only treated cells) / (activity of positive control treated cells - activity of vehicle only

treated cells)] x 100

Assessment Criteria

None = <2{% PC (positive control)
Moderate = 20 -39% PC

Potent = > 40% PC

mRBNA transcript induction assav data

CYPIAZ or CYP2B6 data

None of the compounds of Examples 1 to 5 showed induction of CYP1A2 or

CYP2B6.
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CYPIA4L data

Treatment

mRNA % of

Positive Control

mBRNA % of Positive

Control (Donor Two)

mBNA % of

Positive Control

{ Donor Oue) { Donor Three)
Example 1
8.1% DMSQO 0.00 0.00 0.00
10 pM rifampicin | 100.60 100,08 100.00
0.1 pM 4.75 5.44 0.1
I uM 297 5.69 -0.57
10 M 8.31 i4.46 2.06
Treatment mRNA % of mRNA % of Positive mRNA % of
Positive Control | Conirol (Donor Two) Positive Control
{Donor One) { Donor Three)
Example 2
{3.1% DMSO 0.00 (.00 .00
10 pM rifamapicin | 100.00 100,04 160.00
0.1 uM 0.42 2.99 -3.37
P uM 5.40 R.42 3.39
10 uM 29.62 44.51 33.84
Treatment mRNA % of mRNA % of Positive mRNA % of

Positive Control

{Donor One)

Control (Donor Two}

Postive Control

{ Dovor Three)

Example 3

{3.1% DMSO (.00 (.00 {1.00
10 pM rifamapicin | 100.00 100.08 106.00
0.1 pM 1.71 4.95 0.15
TuM 17.15 10.38 3.21
10 pM 37.77 45.78 37.60
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Treatment mRNA % of mBRNA % of Positive mBENA % of
Positive Control | Control (Bonor Two} Positive Control
{Donor One) { Donor Three)
Example 4
0.1% DMSO 0.00 8.00 3.00
10 pM rifampicin {  100.06 100.00 100.00
0.1 uM 1.62 2.30 0.42
T uM 2.96 7.29 0.47
10 uM 1.14 12.51 3.07
Treatment

{one donor}

mRNA % of Positive Control

Example 5

0.1% DMSO 0.06
10 pM rifaropicin 1006.00
0.1 uM -1.49
I uM 334
10 uM (.98
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HTRE?2 assay
1Cse{u M

0.0000962

0.000102

0.0000503
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EdU assay
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10% human
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00016

(0.0012
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Induction Assay
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None
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Xt
Zn

SC o
N B OH
(o]
~ QL
Cl

g

O -
g NH,
o}

Cl Cl

Ex. 3

O=z,
s

-

HTREFZ
assay
ICsetuM)

0.0000962
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3.0846
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CYP3A4

CYP3A4

None

None means the compound tested did not indu
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expression of CYPLAZ,

CYP2B6 or CYP3A4.



10

[y
L

WO 2014/134201 PCT/US2014/018759

CYP3A4 means the compound induced expression of CYP3A4.

The addition of a fluorine group to the compound of Example 1 to make Example 4
results inn higher human hepatocyte clearance than the compound of Example . In view
of this data, it was surprising and unexpected that the compound of Example 5, which
also contains a fluorine group, shows lower human hepatocyte clearance than either of

the compounds of Exaraples 1 or 4.

In addition, when the carboxylic acid functional group of Example | is converted to an
amide (Example 2}, the hepatocyte clearance increases and further increases when a
phenyl amide derivative 1s made (Example 3}, Furthermore, both of Examples 2 and 3
exhibit CYP3A4 mRNA wnduction. It is further surprising and unexpected that the
compound of Example 5, which contains both a fluorine group and a derivatized phenyl
amide functional group, does not show CYP3A4 mRNA indaction and further shows
fower human hepatocyte clearance than any of Examples 1 to 4. 1t is noted that human
hepataocyte clearance data and CYP3A4 mRNA mduction data 1s used by those skilled in

the art to help select appropriate compounds for human therapy.
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CLAIMS

What is claimed is:

1. The compound

or a pharmaceutically acceptable salt thereof.

2. The compound

3. A pharmaceutical composition comprising a compound of claim 1 or claim 2, and a

pharmaceutically acceptable exipient.

4. A method of treating cancer in a subject in need thereof, the method comprising
administering to the subject an effective dosage amount of a compound according to

claim 1 or claim 2.

5. Use of the compound of claim 1 or claim 2 in the manufacture of a medicament for the

treatment of cancer.

6. The method of claim 4, or the use of claim 5, wherein the cancer is selected from

66



04 Jan 2017

2014223547

10

15

20

25

30

(a) carcinomas, which comprise cancer of the bladder, breast, colon, rectum,
kidney, liver, lung, esophagus, gall-bladder, ovary, pancreas, stomach, cervix, thyroid,
prostate, and skin;

(b) hematopoietic tumors of lymphoid lineage, which comprise leukemia, acute
lymphocytic leukemia, chronic myelogenous leukemia, acute lymphoblastic leukemia, B-
cell lymphoma, T-cell-lymphoma, Hodgkin's lymphoma, non-Hodgkin's lymphoma,
hairy cell lymphoma and Burkett's lymphoma;

(c) hematopoietic tumors of myeloid lineage, which comprise acute and chronic
myelogenous leukemias, myelodysplastic syndrome and promyelocytic leukemia;

(d) tumors of mesenchymal origin, which comprise fibrosarcoma and
rhabdomyosarcoma, and other sarcomas, which comprise soft tissue sarcomas and bone
sarcomas;

(e) tumors of the central and peripheral nervous system, which comprise
astrocytoma, neuroblastoma, glioma and schwannomas;

(f) melanoma, seminoma, teratocarcinoma, osteosarcoma, xenoderoma
pigmentosum, keratoctanthoma, thyroid follicular cancer, Kaposi's sarcoma, endometrial

cancer, head and neck cancer, glioblastoma, malignant ascites, or hematopoietic cancers.

7. The method of claim 4, or the use of claim 5, wherein the cancer is a hematopoietic

tumor of lymphoid lineage.

8. The method of claim 4, or the use of claim 5, wherein the cancer is soft tissue

sarcoma.

9. The method of claim 4, or the use of claim 5, wherein the cancer is breast cancer.

10. The method of claim 4, or the use of claim 5, wherein the cancer is glioblastoma.

11. The method of claim 4, or the use of claim 5, wherein the cancer is acute

myeleogenous leukemia (AML).
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12. The method of claim 4, or the use of claim 5, wherein the cancer is melanoma.

13. The method of claim 4, or the use of claim 5, wherein the cancer is myelodysplastic

syndrome.

14. The method of any one of claims 6-13, or the use of any one of claims 6-13, wherein

the cancer is identified as p53wildtype (p53™7').

15. The method of any one of claims 6-13, wherein the said compound is administered in
combination with radiation therapy, or the use of any one of claims 6-13, wherein the

medicament is to be used in combination with radiation therapy.
16. The method of claim 14, wherein the said compound is administered in combination

with radiation therapy, or the use of claim 14, wherein the medicament is to be used in

combination with radiation therapy.
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