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NOTCH PATHWAY SIGNALING INHIBITOR COMPOUND

1

Notch signaling 1 an evolutionary conserved pathway that plays an integral role

in developroent and tissue homeostasis in mammals. The Noteh receptors and higands
5  contain single-pass transmembrane domains, are expressad on the cell surface and, for

that reason, Notch signaling is particularly tmportant in mediating communication
between adjacent cells expressing the receptors and ligands. There are four known Noteh
receptors found i rodents and humans, termed Noich [ 1o Notch 4. The Notch receptors
are heterodimeric protens composed of extracellular and intracellular domains that are

1y imgtially synthesized as a single polypentide. Receptor-ligand interaction triggers a series
of proteclytic cleavages of the Notch receptor polypeptide in which y-secretase activity is
irvolved. v-Secretase activity cleaves Notch intraceliular domain from the cell surface
which translocates to the nucleus to form a transcription facior complex. Notch

mtracellular domain (NICD) is the active form of the protein. Various Notch signaling

-
[,

functions imclude proliferation, differentiation, apoptosis, angiogenesis, migration and

seif-renewal. These diverse roles of Noich signaling during the development and

maintenance of normal fissues are abegrantly activated in different forms of cancer. The
oncogenic functions of Notch signaling include the inhibition of apoptosis and the
promotion of coll proliferation.

26 v-hecretase plays a pivotal role in the Noich activation cascade. As a result,
inhibitors of y-secretase have been actively investigated for their potential to block Notch
recepior activation, The compounds exemplified in WO 98/28268 such as 7C-203 are
representative of such y-secretase mhibitors, Despite the promise, no conwmercial Notch
iphibitor chemotherapeutic agents have emerged.

23 There 1 & need to find compounds having Notch pathway signaling inhibiiory

activity. There is a further need to find compounds which have y-secretase inhibitory

activity. There is also a need o find compounds possessing distinct structural features
that mav contribuie fo Notch pathway signaling inhibition activity. There is a further
need to find compoimds demonstrating Noteh pathway signaling inhibition activity and

30 desirable in vivo distribution, metabolism and excretion proporties.
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‘Figure 1 is a representative X-ray powder diffraction pattern for the compound of

Example 2.

One aspect of the present disclosure is to provide a Notch signaling inhibitor

compound of the structure:

Compound 1

or a pharmaceutically acceptable salt or hydrate thereof.

A second aspect of the present disclosure provides a pharmaceutical composition
comprising 4,4,4-trifluoro-N-{(18)-2-[[(7S)-5-(2-hydroxyethyl}-6-ox0-TH-pyrido[2,3-
d][3]benzazepin-7-yljamino}-1-methyl-2-oxo-ethyl Jbutanamide,
or a pharmaceutically acceptable salt or hydrate thereof, in association with a
pharmaceutically acceptable carrier. In a particular embodiment, the pharmaceutical
comyposition comprises 4,4,4-trifluoro-N-[(18)-2[[(7S)-5-(2-hydroxyethyl)-6-0x0-7H-
pyrido{2,3-d][3Ibenzoazepin-7-yl]amino}- ! -methyl-2-oxo-ethyl ibutanamide, or a
pharmaceutically acceptable salt or hydrate thereof, together with a pharmaceutically

acceptable carrier and optionally other therapeutic ingredients.

The present disclosure also provides a method of inhibiting Notch signaling in a
cancer patient in need thereof, comprising administering a therapeutically effective
amount of, 4,4,4-trifluoro-N-[(18)-2-[[(78)-5-(2-hydroxyethyl)-6-0x0-7TH-pyrido[2.3-
d][3Tbenzazepin-7-yljamino]-1-methyl-2-oxo-ethyl jbutanamide, or a pharmaceutically
acceptable salt or hydrate thereof, to said patient.

The present disclosure also provides a method of treating a cancer which is T-cell
acute lymphoblastic leakemia, acute tymphoblastic leukemia, acute myelogenous

leukemia, chronic myelogenous leukemia, erythroleukemia, breast cancer,
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ovarian cancer, melanoma, lung cancer, pancreatic cancer, glioblastoma, colorectal
cancer, head and neck cancer, cervical cancer, prostate cancer, liver cancer, squamous cell
carcinoma (oral), skin cancer or medulloblastoma in a patient comprising administering to
a patient in need thereof a therapeutically effective amount of 4,4,4-trifluoro-N-[(1S)-2-
[1(78)-5-(2-hydroxyethyl}-6-ox0-7H-pyrido{2,3-d][ 3 [benzazepin-7-yl Jamino]-1-methyl-
2-oxo-ethyllbutanamide, or a pharmaceutically acceptable salt or hydrate thereof.

The present disclosure further provides a method of treating a cancer which is T-
cell acute lymphoblastic leukemia, acute lymphoblastic leukemia, chronic myelogenous
leukemia, erythroleukemia, breast cancer, ovarian cancer, melanoma, pancreatic cancer,
glioblastoma or colorectal cancer in a patient comprising administering to a patient in
need thereof a therapeutically effective amount of 4,4,4-trifluoro-N-[{18)-2-[{{7S)-5-(2-
hydroxyethyl)-6-oxo0-7H-pyrido{2,3-d][ 3 Ibenzazepin-7-yllamino]-1-methyi-2-0xo-
ethyllbutanamide, or a pharmaceutically acceptable salt or hydrate thereof.

The present disclosure also provides a compound 4,4,4-trifluoro-N-[(1S5)-2-
[[(7S)-5-(2-hydroxyethyl}-6-0x0-7TH-pyrido[2,3-d][ 3 ]benzazepin-7-yljamino}-1-methyl-
2-oxo-ethyl]butanamide, or a pharmaceutically acceptable salt or hydrate thereof, for use
in therapy.

A third aspect of the present disclosure provides a compound 4,4,4-trifluoro-N-
[(18)-2-[[(7S)-5-(2-hydroxyethyl)-6-0x0-TH-pyrido}2,3-d]| 3 Jbenzazepin-7-yljamino]}-1-
methyl-2-ox0-ethyl|butanamide, or a pharmaceutically acceptable salt or hydrate thereof,
for use in the treatment of a cancer which is T-cell acute lymphoblastic leukemia, acute
lymphoblastic leukemia, acute myelogenous leukemia, chronic myelogenous leukemia,
erythroleukemia, breast cancer, ovarian cancer, melanoma, lung cancer, pancreatic
cancer, glioblastoma, colorectal cancer, head and neck cancer, cervical cancer, prostate

cancer, hver cancer, squamous cell carcinoma (oral), skin cancer or medulloblastoma.

The present disclosure further provides a compound 4,4,4-trifluoro-N-[(15)-2-
[[(7S)-5-(2-hydroxyethyl}-6-ox0-7H-pyrido[2,3-d][ 3 ]benzazepin-7-ylJamino]-1-methyl-
2-ox0-ethyl]butanamide, or a pharmaceutically acceptable salt or hydrate thereof, for use
in the treatment of a cancer which is T-cell acute lymphoblastic leukemia, acute
tymphoblastic leukemia, chronic myelogenous leukemia, erythroleukemia, breast cancer,

ovarian cancer, melanoma, pancreatic cancer, glioblastoma or colorectal cancer.
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A fourth aspect of the present disclosure provides a compound as defined above,
or a pharmaceutically acceptable salt or hydrate thereof, for use in the treatment of a
cancer which is T-cell acute lymphoblastic leukemia, chronic myelogenous leukemia,
ervthroleukemia, breast cancer, ovarian cancer, melanoma, pancreatic cancer,

glioblastoma or colorectal cancer.
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A fifth aspect of the present disclosure provides use of a compound 4,4,4-
trifluoro-N-{(18)-2-{[(7S)-5-(2-hydroxyethyl}-6-0x0-7H-pyrido[2,3-d][ 3 |benzazepin-7-
yljamino}-1-methyl-2-oxo-cthyl]butanamide, or a pharmaceutically acceptable salt or
hydrate thereof, for the manufacture of a medicament for the treatment of a cancer which
is T-cell acute lymphoblastic leukemia, acute Ilymphoblastic leukemia, acute
myelogenous leukemia, chronic myelogenous leukemia, erythroleukemia, breast cancer,
ovarian cancer, melanoma, lung cancer, pancreatic cancer, glioblastoma, colorectal
cancer, head and neck cancer, cervical cancer, prostate cancer, liver cancer, squamous cell

carcinoma (oral), skin cancer or medulloblastoma.

A sixth aspect of the present disclosure provides use of a compound 4,4,4-
trifluoro-N-[(18)-2-[[(78)-5-(2-hydroxyethyl)-6-ox0-7TH-pyrido[2,3-d][ 3 ]benzazepin-7-
vllamino]-1-methyl-2-oxo-ethyl]butanamide, or a pharmaceutically acceptable salt or
hydrate thereof, for the manufacture of a medicament for the treatment of a cancer which
is T-cell acute lymphoblastic leukemia, acute lymphoblastic leukemia, chronic
myelogenous leukemia, erythroleukemia, breast cancer, ovarian cancer, melanoma,

pancreatic cancer, glioblastoma or colorectal cancer.

The term “patient” means mammal and “mammal” includes, but is not limited to,

a human.

"Therapeutically effective amount” or "effective amount” means the dosage of the
compound, or pharmaceutically acceptable salt or hydrate thereof, or pharmaceutical
composition containing the compound, or pharmaceutically acceptable salt or hydrate
thereof, necessary to inhibit Notch signaling in a cancer patient, and either destroy the
target cancer cells or slow or arrest the progression of the cancer in a patient. Anticipated
dosages of Compound 1 or a pharmaceutically acceptable salt or hydrate thereof are in the
range of 0.1 to 200 mg/patient/day. Preferred dosages are anticipated to be in the range of
1 to 175 mg/patient/day. Most preferred dosages are anticipated to be in the range of 5 to
150 mg/patient/day. The exact dosage required to treat a patient and the length of
treatment time will be determined by a physician in view of the stage and severity of the
disease as well as the specific needs and response of the individual patient. Although
expressed as dosage on a per day basis, the dosing regimen may be adjusted te provide a

more optimal therapeutic benefit to a patient and to manage and ameliorate mucoid
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enteropathy (hypersecretion and accumulation of mucus in the gastrointestinal tract). In
addition to daily dosing, dosing every other day (Q2D); every other day over a five day
period followed by two days without dosing (T.LW.}; or every third day (Q3D) may be
appropriate. A dosing regimen of every other day, T.LW., or every third day is preferred
along with administration (pre-, concomitant, or post-administration of Compound 1 of

dexamethasone to manage or ameliorate mucoid enteropathy.

The terms "treatment,” ™reat,” and "treating," are meant to include the full
spectrum of intervention for the cancer from which the patient is suffering, such as
administration of the active compound to alleviate to slow or reverse one or more of the
symptoms and to delay progression of the cancer even if the cancer is not actually

eliminated. The patient to be treated is a mammal, in particular a human being.

The compound of the present disclosure is preferably formulated as a
pharmaceutical composition using a pharmaceutically acceptable carrier and administered
by a variety of routes. Preferably, such compositions are for oral administration. Such
pharmaceutical compositions and processes for preparing them are well known in the art.
See, e.g., REMINGTON: THE SCIENCE AND PRACTICE OF PHARMACY (A.
Gennaro, et al., eds., 197 ed., Mack Publishing Co., 1995). In a particular embodiment,
the pharmaceutical composition comprises 4,4,4-trifluoro-N-[(18)-2-[[(78)-5-(2-
hydroxyethyl)-6-oxo-7H-pyrido[2,3-d][3 Ibenzoazepin-7-yl jamino]- 1 -methyi-2-0xo0-
ethyljbutanamide, or a pharmaceutically acceptable salt or hydrate thereof, together with
a pharmaceutically acceptable carrier and optionally other therapeutic ingredients

particularly for treatment of cancer generally or a specific cancer type.

The compound of the present disclosure is capable of reaction with a number of
inorganic and organic acids to form pharmaceutically acceptable acid addition salts. Such
pharmaceutically acceptable salts and common methodology for preparing them are well
known in the art. See, e.g., P. Stahl, et o/, HANDBOOK OF PHARMACEUTICAL
SALTS: PROPERTIES, SELECTION AND USE, (VCHA/Wiley-VCH, 2002); S.M.
Berge, ef al., “Pharmaceutical Salts, * Journal of Pharmaceutical Sciences, Vol. 66,

No. 1, January 1977,

Compound 1, or a pharmaceutically acceptable salt or hydrate thereof, may be

prepared by a variety of procedures known in the art, as well as those described below.
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The specific synthetic steps may be combined in different ways to prepare Compound 1,
or a pharmaceutically acceptable salt or hydrate thereof.

Compound 1 is named: 4,4,4-trifluoro-N-[(15)-2-[[(7S)-5-(2-hydroxyethyl)-6-
oxo-7H-pyrido[2,3-d][ 3 |benzazepin-7-yl Jamino]-1-methyl-2-oxo-ethyl Jbutanamide; and
may also be named: N-[{18}-2-[[(75)-6,7-dihydro-53-(2-hydroxyethyl)-6-oxo0-5H-
pyrido3,2-a][3Tbenzazepin-7-ylJamino]- 1-methyl-2-oxoethyl]-4,4,4-trifluorobutanamide;
and other names may be used to unambiguously identify Compound 1.

it will be understood Compound 1 is depicted as a single stereoisomer. There are
two chiral centers giving rise to four stereoisomers. As used herein, references to
Compound 1 are meant to also include racemic mixtures including Compound 1. Herein,
the Cahn-Ingold-Prelog designations of (R)- and (S)- are used to refer to specific isomers.
Specific stereoisomers can be prepared by stereospecific synthesis using enantiomerically
pure or enriched starting materials. The specific stereoisomers of either starting
materials, intermediates, or racemic mixtures including Compound 1 can be resolved by

techniques well known in the art, such as those found in Stereochemistry of Organic

Compounds, E. 1. Eliel and S. H. Wilen (Wiley 1994) and Enantiomers, Racemates. and
Resolutions, J., Jacques, A. Collet, and S. H. Wilen (Wiley 1991), including

chromatography on chiral stationary phases, enzymatic resolutions, or fractional
crystallization or chromatography of diastereomers formed for that purpose, such as

diastereomeric salts. While all mixtures containing the compound of the present

disclosure are contemplated within the present disclosure, the preferred embodiment is

Compound 1.

It has also been found that Compound 1 exists as atropisomers, or specific
conformers. In aqueous solutions, 8-9% of atropisomer 2 (minor atropisomer) is detected
by "H NMR and LC-MS in equilibrium with atropisomer 1 (major atropisomer) at
ambient temperature after 24 hours. In organic solvents, at ambient temperature after 24
hours, approximately 1-2% of atropisomer 2 is detected by 'H NMR and LC-MS in
equilibrium with atropisomer 1. Although detectable by "H NMR and LC-MS analysis,

atropisomer 2 is not isolable.

The compounds employed as initial starting materials in the synthesis of the

compound of the present disclosure are well known and, to the extent not commercially
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available, ars readily synthesized nsing specific references provided, by standard
procedures commonly employved by those of ordinary skill in the art or are found in
general reference texts.
Exampies of known procedures and methods inclhude those deseribed it general
5 reference fexts such as Comprehensive Organic Transformations, VIUH Publishers Inc,
1989 Compendium of Urganic Synthetic Methods, Volumes 1-10, 19742002, Wilay
Tnterscience; Advanced Organic Chemistry, Reactions Mechanisms, and Struciure, 37
Edition, Michac! B. Smith and Jerry March, Wiley Inferscience, 2001, Advanced Organic
Chemigtry, 4% Edition, Part B, Reactions and Synthesis, Francis A Carey and Richard J.
1t Sundberg, Kluwer Acadessic / Plenum Poblishers, 2000, etc., and reforences cited therein
The intermediates and Compound 1 are nared using & SymaxDraw version 3.2

Drawing Program, from the structures, as the TUPAC name consistently applisd.

Preparation I

15 Benzyl (28)-2-{4 4 d-riflucrobutanoviamine )propanoate
Chiral
F O
e tl
M N\)}\
O E

Add successively L-alanine benzy) ester hydrochioride (7.00 g, 32.5 mmol),
ditsopropyiethylamine (2830 mL, 162.3 mruoly, 1-hvdroxyhenzotriazole hydrate (746 g,
48.7 mmaly and {3 -chmethviaminopropyi-3-ethy learbodiimide hydreochioride (6.33 ¢
200 4R7 mmol) to g solution of 4.4 4-triflucrebutyric acid (7,131 g, 48,7 mmol) in
gichloromethsne (162 ml) at ambient temperature under nitrogen and str for 24 hours,
Add 2 20% agueous solution of oitrie acid {150 mL., 162 mmol), sty mixture for 3
minutes and separate layers. Extract from agueous with dichioromethane (100 mi).

Wash combined organics with saturated agueous sohution of sodium bicarbonate

1

!

2 {130 mL}, drv over magnestom sulfate and concentrate. Purify the vesidue by flash

chromatography, eluting with hexave: ethyl acetate (4:1 10 2:1) {0 give the title compound
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a5 a white solid (9.22 g, 30.4 mmol, 94%). MS (mvzh 304(M+1); o™= -44.6° {o=5.0,

methanol},

Preparation 2

{28)2-(44 4 Triftluorcbutanoviaminoypropanoic acid

(3

Chiiral
E H
N
O =

Add palladinm/carbon (5%, 1.76 g, 0.8 mama!) s one portion to a solution of
benzyi (28)-2-(4,4 4-trifluorobutancylaminopropancate (8.80 g, 29 mmo}) in methano]

{88 mL} at ambient temperature. Degas the mixture (vacuym/mitrogen}, {11 with

rana
s~
g

hydrogen (one atmosphere} and stir under hydrogen (29 mmol) for § hours, Filter
through Celite®, rinse filter cake with methanol and concentrate the fltrate to obtain the

title compound as a white solid (6.1 1g, 28.7 mmol, 9990 MBS {m/fz): 214 (1)

i3 Preparation 3

Methvi Z-(2-bromophenylacetaie
O
Br

Add dimethylformamide (2. 1mL, 273 mmol} followed by thionyi chloride
{52.3 mL, 7178 nuool) over 7 mimites to a solution of 2-bromophesylacetic acid
200 {130.0 g, 683.6 mmeb) in dichloromethane {1.50 L) cooled with an ambient temperature
water bath. Stir mixture for 5 hours, add methanol (41.5 mi., 1.0 mol) over 3 minutes. .

Bubble mitrogen through solution overnight. Concentrate to obtain the title compound ag



i

,.,_.
A

W 2013/016081 PCTUS2912/047160

o

a colorless oil in quantitative yield (166.0 g, 724.7 mmol). 1H NMR (300 MHz, CDCh):
7.57 {d, }= 7.9 Hz, 1H}, 7.30-7.26 (m, 2H), 7.19-7.12 (m, 1H), 3.80 (s, 21D, 3.72 (5, 3H).

Preparation 4

Methyt 2-[2-(4,4,5, 5<etramethyi-1,3,2-dioxaborolan-2-vhphenyllacetate

Degas a suspension of methy! 2-(2-bromophenyliacetate (156.6 ¢, 684 mmol},
bis{pinacolatojdiboron (194.9 g, 752 mmol), and potassiam acetate (135.6 g, 1.4 mol) in
N-methyipyrrolidone (940 mL) with three vacuum/nitrogen cveles, Add{3,1-
bis{diphenyiphosphinojferrocencpaltadinm{II) chioride {(11.4 g, 13.7 mmol} and heat at
8O°C. After 15 hours add (1, 1'-bis{diphenylphosphinojferrocenepalladinm(Il} chloride
{(11.4 g, 13.7 menol) and stir st 80 °C for 24 howrs. Cool {0 ambient temperature and pour
over a mixiure of ice and water (3 L), and methyl tettiary buty] ether (1 L) was added.
Stir mixture, filter through a pad of Celite® and separate layers. Extract from agueous
with methyl tertiary butyl ether (2x500 mL). Wash combined organics with water (2x500
mL, brine (580 mL), dry over sodium sulfate and concentrate. Purity the residue by
tlash chiromatography, eluting with hexane: ethyl acetate (9:1) to give the titde compound

as a white solid {160.6 ¢, 581.6 mmol, 83%). MS (m/'z): 277(M+1 ).
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Preparation 5

5,7-Dihydropyridof2,3-dj{ 3]benzazepin-6-one
YOy L

Add potassium carbonate (235.7 g, 1.71 mol) to a solution of 2-aming-3-
bromopyridine {(88.5 g, 511.7 mmol} in 1,4-dioxane (550 mL} and water {350 mL}.
Degas the mixture with three cycles of vacusm/nitrogen, add palladiom (1) acetate (6.4 g,
28.4 mmol) and tei-t-butylphosphonium tetrafluorchorate (16,5 g, 56.9 mmol) and stir
under nitrogen at 88°C. Add & solution of methyl 2-[2-(4.,4,5,5-tetramethyi-1,3,2-
dioxaborolan-2-yphenyijacetate (157.0 g, 568.5 mmol} in 1,4-dioxane (550 ml)
dropwise over three minutes and siir the mixture at 88°C for 20 minutes. Cool mixture to
30°C, add water (1060 mL), and separate layers. Extract from agueous with ethyl acetate
{2x100 mbL), dry combined organics over sodium sulfate and concentrate, Dissolve the
concentrated material in N-methylpyrrolidone (314 mL), cool in ice bath and add suburie
acid (314 mL, 5.9 mol) dropwise to maintain a temperature of approximately 45°C, Stir
mixture at 140°C for 80 minutes. Cool o ambient temperature, add ice (4 kg and basify
with portion wise addition of 50% agueous NaOH solution until sohution is pH 7-8. Cool
suspension to 10-15°C, flier out solids and wash with water (2 L), hexanes (1 L) and
methyl tertiary butyl ether {1 L), Dry under vacuum at 40°C, Treat roaterial with
refluxing mixture of 10% methanol/dichioromethane solution and filter hot (x4).
Concentrate combined filtvates 1o afford the title compound as a light brown solid (85 g,

404.3 mmed, 71%). MBS (m/zy Z1HM+1).
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Prepavation 6

S+ 2-{text-Butyl{dimethyhsityTyoxyethyl]-7H-pyrido{2,3-d][ 3 benzazepin-6-one

O0— 8i—

Add cesium carbonate (186.6 g, 572.7 mmeol), (2-bromocthoxy)-tort-

5 butyldimethylsilane (88.0 mi., 409.1 mmol), and sodium iodide (6.1 g, 409 mmollto a
suspension of 3,7-dibvdropyrido2.3-4][3benzazepin-6-one (86.0 ¢, 409.1 mmel) in
dimethylformamide (860 mL) and stir at 70°C for 20 hours. Cool mixture to ambient
temperature, pour over jce and water (100 mL), add ethy! acetate (200 mi), Filter
mixture through Celite®, then wash with ethyl acetate (100 mL). Separate layers of

i filirate, extract from aqueous with ethyl acetate (2x50 mL). Wash combined organics
with water (2x 100 ml.}, brine (100 mL), dryv over sodium sulfate and concentrate.
Dissolve material in tetrabydrofuran {1.28 L), add $ilia® bond palladium scavenger
(16.7 g} and stir at ambient temperature for 20 hours. Filter through 2 pad of silica, wash
with tetrghydrofuran (200 mL} and concentrate to obtain the title compound (155 g, 420.6

15 mmol} as 2 light brown oil that erystaliizes in quantitative yield. MS (m/z): 369{M+1),

Method 2:

Heat a mixture 3,7-dihydropyrido[2,3-d]{ 3 Ibenzazepin-6-one (22.5 g,
166.% mmol} and dimethylormamede (300 mL} to 100°C for 5 minutes. Cool 1o 40°C,
20 add cesium carbonate (104.3 g, 320.1 mmol} and {2-bromoethoxy)-teri-
butyldimethylsilanc (26.9 mi, 138.9 mmol} and stir at anibient temperature overnight,
Heat o 60°C for approximately 2 hours, and then cool to ambient temperature. Partition

the residue between ethyl acetate (1 L) and water (3 L), back extract from agueous layer
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ra

with ethy! acetate {2x5300 L}, wash combined organics with brine (2x500 mL). Dry
combined organics over sodivm suifate and concentrate. Purify the residue by flash
chromatography, cluting with ethyl acetate: hexane (0: 100 to 100:0) 1o give the ditle

comnpound as an oil (39.4 g, 106.9 mmol, 89%). MS (m/z); 369(M+1).

5
Preparation 7
5-[2-ttert-BuiyHdimethylisilyljoxyethyl}-7-hydroxyimine-pyrido{2,3-d [ 3benzazepin-
e
10 Add potassium 2-methyipropan-2-olate (66.1 g, 588.8 mmol) to a solution of 5-{2-

{teri-butyi{dimethyl)silyDoxyethyl}-7H-pyrido]2,3-d}[3 Ibenzazepin-6-one {155.0 g,
420.6 nunol) in tetrabydrofuran (1.6 L) at -5°C and stir for 10 minotes. Add isoamyl
nitrite (61,9 ml., 462.6 nwnol) dropwise at -53°C and stiv mixture for 10 nyinutes. Pour
over ice/water (2 L) and extract with ethyl acetate (3x200 mL). Wash combined organics

15 with brine (200 ml}, dry over sodium sulfate. Add toluene {1 L) and concantrate.{}d} to
obtain the title compound as a thick brown oil (160.0 g, 402.5 mmoi, 96%). MS {m/z):
398(M+1),
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Preparation 8

{78)-7-Amino-5-(2-hydroxyethyl}-7TH-pyridol2 3-d][ 3]benzazepin-6-one

Chirat

Add trifluoroacetic acid (124.0 mL, 1.64 mol) in several portions to a solution of
S-{2-{tert-butyi{dimethyDsilyhoxyethy Ul-7-hydroxyimine-pyrido[ 2,3-d}] 3 {benzazepin-6-
one {135.0 g, 389.9 mmol} in a mixture of dichloromethane (620 mL) and methano!

{310 mL} in an ambient temperature water bath. Add zinc (76.5 ¢, 1.2 mol} in several
portions so that internal temperature was maintained at 33-38°C, Stir for 15 hours at
ambient temperature. Filter mixture through Celite®, wash with 10% methano! /
dichloromethane {100 mL) and concentrate the filtrate, Add dichloromethane (0.5 L) and
ice {500 g}, stir and basify with a 50% aqueous solution of NaOH. Filier out solids,
separate filirate layers. Extract from agueous with dichloromethane (2x 100 mi.), and

concenirate combined organics. Slurry solids in hexane, and then filter and dry under

figh vacuum to obtain the racemate of the title compound as a light vellow solid (74.0 g,

274.8 mmol, T1%). Purify the material on a Chiralpak® AD column ehsting with ethanol
{0.2% dimethethylanine}: acetonitrile (0:100 o 100:0) to obtain the title compound
(35.0 g, 130 mmol, 33.3%) as a white solid. MS (n/z): 27M+1); [ofe = +187.83°

{¢=6.9, methanol),
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Preparation 9

7-Azido-5-{Z-(tert-butyl{dimethylsilyDioxyethy]-TH-pyridol 2,3 -d}[3 benzazepin-6-one

Wash potassium hydride {approxiately 2 scoops, 35 weight % in mineral oib)
with hexanes and decant to remove oil, add tetrahydrofuran (60 mL) and cool to -78°C.
Dry a solution of 2.4,6-tris{ -methylethv]}-benzenesulfony! azide {(37.6 g, 121.6 munol) in
tetrabydroturan (60 ml.) over sodium sulfate for 45 minutes. Decant azide solution into
the potassium hydride suspension over 15 minutes. Remove cold bath and allow it to
warm 10 ambient temperature for 45 minutes; set aside dry sohution. Cool a solution of
ditsopropylamine (17.0 mi, 121.0 mmol} and teirabydrofuran {50 mL} to -78°C, add n-
buty! lithium (52.1 mi., 138,23 nunol) dropwise over 5 minutes, Remove cold bath and
allow it to warm for 15 minutes then cool back to -78°C. Cannulate into a -78%C solution
of S-[Z-(tert-butyl{dimethyleilyDoxyethy - TH-pyrido[2,3-d]{ 3 benzazepin-6-one
(34.3 g, 93.1 mmol} in tetrahvdrofuran (400 mL) over 5-10 minutes. Seir for one hour at -
7R°C then remove cold bath and allow it to warm for 15 minules (o approximately -
45°C). Coolio -78C and add the dried 2,4,6-tris( 1-methylethv-benzenesulfony! azide
solution via canwula over 5-10 mimutes. Remove bath and allow to warm to -5 1o 0°C
over | hour, Cool in ice/water bath and add acetic acid (26.7 ml., 465.3 ramol} dropwise
over 13 minutes. Allow to warm o ambient femperature over 65 minutes and quench
with saturated sodium bicarbonate solution (1L}, Dilute reaction with ethvi acetate
(600 mL) and water (2L}, separate layers, back extract from agueous with ethy! acetate (2
X 400 mi). Wash combined organics with saturated agueous sodium bicarbonate

solution (500 mL} and brine (300 mL), dry over sodium sulfate and concentrate. Purify
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the residue by flash chromatography, eluting with ethyl acetate: hexane ((: 100 1o 1006:4)

to give the title compound as an oil {(39.8 g, 82.3 mmel, 99%). MS (mvz): 410{M+1).

Preparaiion 16

5 7-Armine-3-{ 2-(tert-buty dimethy Dsily Doxvethyl3-TH-pyrido] 2,3-d] [ 3 benzazepin-6-one

Add palladium/carbon (2.2 g, 1.0 mumol, 3% on carbon) to 2 nitrogen purged
solation of T-azido-5-[2-(tert-buty HdimethvDsilyDoxyethyil-TH-pyridol2,3-
d][3 |benzazepin-6-one (39.8 g, 92.3 mmol} in cthano! (923 mL). Evacuate/fill with
i0  hydrogen three times and stir under hydrogen {one atmosphere) at ambient temperature
overnigit. Filter over Celite®, rinse with ethanol and ethy] acetaie and concenirate o
obtain the title compound a3 a transparent oil (36.6 g, 89.9 mmol, 97%). MS {m/ay

384(MT 1),
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Preparation 11
tert-Butyl No[{18)-2-[[5-[2-{fert-buty { dimethvhisiiyDoxyethyl}-6-oxo-TH-pyrido{ 2,3-

d]i3 benzazepin-T-vilaminod--methyL-Z-oxo-ethyljcarbamate

O
H
OYN\/[L
: N
G z H

(&
- e

Cool a mixture of 7T-amino-3-{2-{tert-butvi dimethy DsilyDoxyethvi]-7H-
pyrido{2,3-di{ 3 thenzazepin-f-one (30.3 g, 89.5 mmotl}, dichloromethane {360 mL),
iricthylamine (16.3 mL, [16.9 mmol}, 3-hvdroxyvinazolo[4,5-blpvridine (159 ¢,

116.9 mmnol), and (28)-2-(ert-butoxvearbonylammojpropancic acid (22,5 g, 116.9 mmol)
o (°C. Add 1-(3-dimethylaminepropy-3-ethvicarbodiimide hvdrochloride (22.4 ¢,
116.9 mumol) and after 5 minutes allow fo warin 1o ambvient fomperature overnight. ¥Wash
with water (301 mb. x2}, saturated aqueous sodium bicarbonate solution (2 x 300 mb),
brine (300 mi}, and then dry over sodium sulfate and concentrate. Purify the residue by
ftash chromatopraphy, chaiing with tsopropyi alcohol: hexane (5:95 o 10:90) to give the

title compound as a white foam (43.14 g, 77.77 mmel, 80.50%), MBS {m/z): 355(M+1},
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Preparation 12

(285)-2-Amino-N-{ 5. 2-hvdroxyethyi}-6-oxo-TH-pyridol 2, 3-d}i 3 Jbenzazepin-7-

viipropanamide

3 Add miffuoroncatic acid (30 mL, 396.76 mumol} over 5 mimstes to a 8°C solution
of fert-butyl M- Sy-2-[5-12-(tert-butyl dimethy Dsily Doxvethyi]-6-oxo-TH-pyrido[ 2,3~
djl3 benzazepin-7-vilammo]-1 ~-methyi-Z-oxo-cthylcarbamate (3,56 g 14.0 mnol) and
dichdoromethane (30 mL ) and allow to warm and stir af ambient temperature for 5 hours,
Purify the residue by flash chromatography via SCX& columms (Isoluie STX-2 x6)

10 cluting with methanol followed by othyi acetate: methanol (2N apumonial {1:1} to obtain

the title compeund as & white solid (3.48 g, 102 mmol} in quantitative vield. MS {m/z):

MM+
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Example 1

4.4 4. Trifluoro-N-[{ 1 8}-2-[[(78)-5-(2-hydroxyethvh-6-oxo-TH-pyrido[ 2,3~

Y

dlf 3ibenzazepin-T-yljamine - L-methylt-Z-oxo-gthy butanamide

Chiral

Add (283-2-(4,4 4-irifluorobutanoyiaminopropanocic acid (28,9 g, 1357 mimoel;
prepared substantially as described above in Preparation 2), 1-G-dimethylaminopropyl)-
3-ethylearbodiimide hydrochlonde (29,7 g, 1351 munol} sequentially to a suspension of
{(18)-T-amine-3-{2-hydroxvethy - TH-pyridol 2,3 -d 3benzazepin-6-one {(34.8 g, 129.2
mmol) in dichloromethane (696 mL) at 0°C, sur for S.minufes. Add 1~
hydroxybenzoiridzole mono}:iydmi'e (24.7¢, 1551 mamoll, allow 1t to stir for one houy, and
then warm to ambient femperature. Add (253-2-(4,4,4-wifluorobutanoviamineYpropanoic
acid {01.6 g, 2.6 mmol) and stiv for 15 minutes at ambient temperature. Add water {600
mil}), filter out while solid, and separvate layers of filtvate. Wash organic layer with water
(3x200 mL). dry over sodium sulfate and concentrate to afford a light brown foam.

Sharry material in 30% methy! tertiary butyl ether hexanes (500 mb), filfer out solids, dry
wnder high vactum o obiain 65 g solids.

Add water (195 L) and pofassium bicarbonate (14.0 g, 140.0 mmeD) to s 107C
solution of the previonsly obtamed solids (63.0 g, 140.0 mmol} in methano! (193 mL) and
stir at ambient temperatare for 29 hours. Concentrate and oxtract with dickloromethane
{3x50 mL}. Wash combined organics with water (3x20 mL), dry over sodium sulfate and
concenirate. Purify the residue by flash clromatography ehuting with methanol:
dichloromethane (98:2, 7N in ammonia). Trirorate material from 50% methy] tertiary

butyl ether /hexane, then triturate from methyl tertiary butyl ether (300 ml). Wash solids
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with methy! tertiary butyl ether (200 ml) and hexane (200 mb) and dry solids under high
vacuuin 10 obtain the fitle compound as an offbwhite solid (42.08 g, 90.4 mmol, 63%). MS

25

{m/zy: Z700M+1 ) {o ™= - 183.40° (0=5.0, methanol).

5 Method 2:

Add 1-{3-dimethylaminopropy[}-3-ethylcarbodiimide hydrochioride (2.50 g, 13.0
mmol} to a 0°C mixture of (28)-2-amine-N-[5-2-hydroxyethyi-6-oxo-TH-pyridol2,3-
dji3]benzazepin-7-yljpropanamide (3.4 g, 10.0 mmol}, dichbloromethane (40 mL), 3-
hydroxyiriazolof4,3-blpyridine (1.8 g, 13.9 mmol), 4,4,4-rifluorcbutanoic acid (1.9 g,

0 13.0 mmob), and triethylamine (1.8 mL, 13.0 mmoly Allow to stir and warm to ambient
temperature overmight. Add water (40 ml) and partition between dichloromethane
{100 mi} and water (30 mL). Separate layers, back extract from aqueous with
dichloromethane. wash combined organic layers with saturated agueocus sodium

bicarbomate solution (2 X 100 ml). Back extract from bicarbonate lavers with

L

dichlorompethane (25 mL), dry combined organic layers over sodium subfate and
concenirate, Purify the residuc by flash chrommatography, etuting with methanel (IN
armmonia): dichloromethane (:100 to 5:95) to give 3.77 ¢ of the diastereomeric mixtore.
Material was purified on a Chiralpak® AT column ehuting with ethanol (8.2%
dimethethylanune) © acetonitrile ((:100 to 100:0) to obtain the title compound as white

200 solid (1.7 2. 3.7 mrmol, 37%). MS (m/zy 465(M+13.

Preparation 13

Methyl 2-(Z-bromophenyhacetate

0
O/
Br
5 Combine 2-bromophenylacetic acid (500.0 g, 2.33 mol} with methanol (5.0 L)

under a nitrogen atmosphere. Add concentrated sulfuric acid (185.8 mL) drop-wise at 20
-35°C, and then warm to 60-635 °C with stirring for 3-4 hours. Cool the reaction mixture

to 45 *C and concentrate under reduced pressure below 45 °C to & volume of
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approximately 750 mi. Cool the reaction mixture to 14-30°C and add dichloromethane
(2.5 L), Adjust the pH to 7-8 with sodium hydroxide (7%, 380.0 mL) and separate the
layers. Congentrate the organic phase to dryness under reduced pressure below 45 °C o

obtain the title compound (516.5 g, 97.0%) 55 a vellow oil.

Preparation 14

5,7-Difydropyrido[2,3-d1 3 benzazepin-G-one

7
o

Combine methy? 2-(2-bromophenyiacetate (1.0 kg, 4.36 mol), dioxane (11.0 L),

and N-methyl-Z-pyrrolidone (7.0 L) with stirring at room temperature. Add

bis{pinacolatojdiboron (1.2 kg, 4.58 mol) and potassium acetate (8558 ¢, £.72 mol) to the

mixture, and then degas the solution by passing nitrogen gas through the solution for 2-3
hours. Charge [1.1%-bis(diphenylphosphinoiferrocene]patiadium(l}) dichloride
dichloromethane adduct (71.2 g, 97.2 nuncl} under an aimosphere of nitrogen and then
heat the reaction mixture fo 80-90 °C for 18-20 hours to obtain methyl 2-12-(4.4,5,5-
tetramethyl-1,3, 2-dioxaborolan-2-viphenyllacetate as a solution which is used without
isolation. Cool the reaction mixture to 15-25 °C and add 2-amino-3-bromopyridine
(675.0 g, 3.90 mol) and a solution of potassium phosphate tribasic (2.41 kg, 11.3 mol) in
water (3.0 L), Degas the solution by passing nitrogen gas through the solution for 2-3
hours, and add {1,1%bis(diphenylphosphine errocene] palladium{Ily dichloride
dichloromethane adduct {106.8 g, 130.4 mmol}, then heat the reaction mixture to 80-90
°C for 18-40 bours. Cool the reaction mixture to 50-60 °C, and siowly add a solution
comsisting of saturated sodium bicarbonate {13.0 L), saturated sodinm chloride (13.0 L),
and water (13.0 L), Stir the mixture for 2-3 hours at 34-60 °C, cool to 15-25 °C and stir
for an additional 18-20 hours. Filter the resulting selids and wash the filter cake with

water (2 x 2.0 L), Transfer the solids to a clean reaction vessel, add ethyl acetate (5.0 L),
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and heat the mixture to 60-70 °C for 2-3 hours. Cool the solution to 15 -25 °C and stir it
for 1 -2 hours and filter the resulting solids. Wash the filter cake with ethyl acatate (2 x
750 mL) and dry the resulting solids under vacuum to provide the title compound (644.0

2, 68.1%) as an off-white solid.

Prepavation 1S

S-[2-{tert-Butyl{dimethylisilyloxyethyl}-7H-pyrido{2,3-d} 3 tbenrazepin-6-one

Add 5,7-dihydropyrido{2,3-d}{ 3 lbenzazepin-t-one (33.8 g, .16 mely in
acetonitrite (340.0 mL) and stir at 20-30 °C for 0.5-1 hour. Add cesium carbonate (104.6
g, 0,32 mol} and (2-bromocthoxy)-iert-butyldimethylsilane (42.2 ¢, 0.18 mol) and heat
the reaction mixture to 76-80 °C for 18-20 howrs. Conl the reaction mixiure fo 20-23°C

nd filier through diatomaceous earth (50.6 g}, Wash the filter cake with acetonitrile (2 x
30.6 mL) and concentrate the filtraie under reduced pressure to arrive at a total volume of
approximately 67.5 ml., Add toluene (152 mL), active carbon ( 2.53 g} and hesf the
mixture to 60-74G °C for 1-2 hours, Cool the mixture te 25-35 °C and filter the reaction
mixture over diatomaceous earth (56.6 g3, Rinse the filier cake with toluene (17.0 mlL)
and concentrate under reduced pressure to obtain the tifle compound as a light brown oil

that crystallizes on standing(56.8 ¢, 92.2%.).
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Preparation 16

S-{2-{tert-Buty{dimethyDsilyDoxyethyl}-7-hydroxyimino-pyrido]2 3-di[ 3 1benzazepin-6-

QRne

ey
i

Combine 5-[2-(tert-butyl dimethy DstivDoxyethyl - TH-pyrido{2,3-
dj{3Jbenzazepin-6-one (30.0 g, 0.08 mol) and toluene {300.0 mL), cool the reaction
mixture to -10-0 °C. Add potassium zerr-butoxide {18.2 g, 01,16 mol), isoamy! nitrite
{13.34 g, .11 mob) and then stir for 3-5 hours. Transfer the reaction mixture to a cool (0-

5 °C) biphasic solution of ethyl acetate (210 mL} and water (310 mL) and stir for 15-30

- minufes. Warm the reaction mixture to 15-25 °C and separate the layers, Extract the

aqueous layer with additional ethyl acetate (120 mL) and methy! rerr-butyl ether (320
mL} and combine the organic layers. Concentrate the organic under reduced pressure to a
sehition volume of approximately 60-90 ml. and then add toluene (240 ml} and ethyl
acetate (75 mb). Filter the solution through silica gel (45.0 g), rinse the silica gel with a
mixture of toleene (210 mbL) and ethyi acetate (60 mL.), and concentrate the filtrate under
reduced presswre o a volume of approximately 75 mi. Add heptane (120 mL) and
concentrate the mixture 1o a volume of approximately 63 mL and filter the resulting
solids, Wash the filter cake with heptane (25 mU) and dry under vacuum to provide the

title compound (28.3 g, 72.5%]7 as a yellow solid.

Preparation 17

T-Amino-5-{2-(tert-buty {dimethylisilviloxyethyl}- TH-pyvridof 2, 3-d§[ 3 Thenzazepin-6-one
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Combine 3-[2-(tert-butyl{dimethy DsilyDoxyethyl}-7-hydroxyimino-pyrido[ 2,3~
df{3benzazepin-6-one (206,00 g, 0.52 mol) and tetrahydrofuran (2.3 L} into an autoclave
under an atmosphere of nitrogen.  Add Raney nickel (232.0 g, 113 wt/w!l equivalents) to

5 the reaction mixture and introduce hydrogen atmosphere {87 psi}. Stir the reaction
mixture at 60-65 °C for 24 hours, Filter the mixture over diatomaceous earth and wash
the filter aid with tétraisydr@i‘umn (500 mi}). Concentrate the filtrate to obtain the title

compound {196.0 g, 93.2%) a5 a brown oil. MRS (m/z) 384 (V1)

10 FPreparation 18
tert-Butyl N-[{18)-2-{{ 5-(2-hydroxyethyl}-6-0x0-TH-pyride[2,3-d1 3 thenzazepin-7-

yiamino}-I-methyvi-2-oxo-ethyljcarbamate

Chirat
O H ﬁ & \ ,;‘;
\N/NM N
e [ £ ‘
OH

-4

Combine 7-amine-5-{2-(teri-butyl{dimethy silyDoxyethyl]- TH-pyrido{ 2,3-
15 dif3tbenzazepm-G-one (166.0 g, 0.43 mol), dichloromethane (2.2 L), and L-Boc-alanine
(106.4 g, 0.56 mol) under nitrogen atmosphere. Add hydroxybenzotriazole (1.46 g, 10.8
mmoi) and triethylamine (102.5 mL, 6.74 mol) maintaining the internal temperature
below 30 °C. Add {-ethyl-3-(3-dimethylaminopropylcarbodiimide (128.2 g, 0.67 mol) in

portions and stir for 16-18 hours at 20-30 °C. Purify the reaction mixiure by silica gel
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chromatography (300 g silica pel}, eluting with dichloromethane (49% mix2). Combine
the dis:hlé}r{;ﬁa@thanﬁ solution and wash it with water (2 x 3.3 L), Concentrate the cfganic
phase under reduced pressure to a volume of 300 mi to 400 mL. and add ethyi acetate
(664.0 ml}. Concentrate the mixture vnder reduced pressure to a volume of 300-400 mL,
and add ¢thy] acetate (664 mbL}, Concentrate the mixture under reduced pressure to a
volume of 300-400 mL, and add ethyl acetate (1.3 L), Add tetra-n-butylaramoniom
fluoride trihvdrate (149.4 g, (.47 mol) and siir for 16-18 hours at 20-30°C. Add an
aqueous solution of sedium chioride (20%, 1.6 L), separate the layers, and wash the
organic phase again with aqueous sodium chioride (20%, 1.6 Ly, Concentrate the organic
to an approvimate volurne of BO0-900 mi. and stir the mixture for 12-16 hours at 20-30
°C. Filter the resulting solids, wash the filter cake with ethy! acetate (91.3 mL). Purify
the filtrate with silica gel chromatography (300 g silica gel), eluting with athyi acetate (2
x 500 mL} to provide the title compound {82.6 g, 852% de, 100%ee, 51.2% vieldyas a

yellow oil. MS Gm/z): 441 (M+1).

Preparation 19
283-2-Amino-N-{{75}-3-(2-hydroxyethy-6-oxo-TH-pyrido[2,3-d][ 3 henzazepin-7 -
viipropsnamide

Chiral

Corobine fert-butyl N-{(18)-2-[[5-(2-hydroxyvethvl}-5-oxo-TH-pyrido[2,3-
d}i3 jbenzazepin-7-yijamino}-1 -methyl-2-oxo-ethyljcarbamate (54.0 g, ¢.12 mol} and
acetonitrile (212.7 mE) under a nitrogen atmosphere. Add hydrochloric acid (317.5 mL,
4N, 1.27 mol) drop-wise (o maintain the internal temperature below 30 °C, and stir the
reaction mixture for 16-18 hours at 20-30 °C. Add water (324.0 mL) and
dichicromethane (430 mL) and separate the layers. Discard the organic layer and to the

aqueous phase add dichloromethane (645 mb) and adjust the pH to approximately 10
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using aqueocus sodium hydroxide (20%., 252 mi}. Separate the layers, extract the aqueous
layer with additional dichloromethane (2 x 430 mL}, and combine the organic phases.
Coneentrate the organic under reduced pressure below 45°C to an approximate volume of
130-150 ml., and add wtrabydrofuran (322 mL). Concentrate the selution under reducad

pressure below 435 °C to an approximate volume of 200-220 mL, and add additional

Lh

tetrahydrofuran (213 mL). Concentrate the reaction mixture under reduced pressure (o an
approximate volume of 250-270 mi., and heat fo 60-65 °C for 2-3 hours. Cool the
reaction mixiure to 3-13 °C slowly and stir for 5-8 hours, Filter the resulting solids, wash
the filter cake with ethyi acetate {36 mL}. Transfer the solids o a clean reaction vessel,
i add ethyl acetate (150 mL), and heat to 60-65 °C for 2-3 hours, then cool the selution to
513 °C slowly, Stir for 2-3 hours at this temperature and collect the resulted solids by
filtration. Wash the filter cake with ethyl acetate (43 mL} and dry the solids in an oven
under reduced pressure below 60 °C 1o provide the title compound (21.0 g, 99.2%de,

100%0e,51.0% vield) as an off white solid. MS (m/z): 341 (W1

15
Example 2
4,4 4-Trifluoro-N-{{ IS}-2-{[{ 7S}-5-{2-hydroxyethyl}-6-ox0-TH-pyride[2,3-
di{3 Jbenzazepin-7-yllamino}- 1 -methyl-2-oxo-cthylTbutanamide hydrate
Chiral
F
F
F O
H
N
- N
: H
O -
OH
20 Combine (25}-2-amino-N-[{78}-5-{Z-hvdroxyethyl}-6-oxe-TH-pyrido[2,3-

oy

dlf 3ibenzazepin-7-vljpropanamide (45.0 g, 152.2 mmol) and dimethyiformamide (452.9
mi} under a ni trogen atmmosphere. Cool to 0-3 °C and add N-ethyiditsopropyiamine {77 .4
mb, 444.0 mmol), 4.4 4-tnfhorobutyric acid (19.% g, 139.2 mmol}, and
hydroxybenzotriazole monohydrate (22.3 g, 1531 mmol), Stir the solution for 5-10 min

25 and add l-ethyl-3-(3-dimethylaminopropylcarbodiimide hydrochlonide (30.6 g, 159.6



P,
(¥

B3
LAY

3¢

WO 2013/016081 PCT/USZ012/047100

26-

mmaol) in one portion, Warm the reaction mixture to 20 -25 °C and stir for 1-2 hour. Add
ethyl acetate (1.4 L} and water (1.8 L) and stir for 0.5- 1 hour, Separate the phases and
wash the organic layer with an aquecus sedium bicarbonate solution (5%, 1.0 L) and
concentrate the solution under reduced prossure to obtain a vohume of 200-300 mi.. Add
cthanol {522 mi ) and concentrate the soluton under reduced pressure to oblain a volume
of 200-300 md.. Repeat for three times. Add ethancl {180 ml) and 5 % solution of
potassium carbonate (34,6 mL) and stir for 0.5-1 hour at 20~25 °C. Add water (667 mL)
and seed crystals of 4.4 d-rifluoro-N-{{18)}-2-{{{78)-5-{ 2. hyvdroxyethy}-6-0x0-7TH-
pyridof2,3-d113 Ibenzazepin-7-yjamino - T ~methyl-2-oxo-cthyl utanamide hydrate (0.4

g, 0.86 mmol} (Seed crystals can be generated from the solids obtained from previous lots
of the product, or can be obtained using other methods common known and used by one
skitled in the art, such as recrystaliization of a small aliguot) and stir for 2-3 hours at 20~
25 °C. Filter and wash the filter cake with & mixture of ethanol (63 mi) and water {42
ml} nwice, Dry the resulting solids in an oven under reduced pressure below 40 °C to
provide the title compound (41.9 g, 99.6%de, 100%ee, £5.3% vield) as a white to off

white solid. MS (m/z): 465(M-H,C+1).
HKRPD of Example 2

The XRPD patterns of crystalline solids are obtained on a Bruker D4 Endeavor X-
ray powder diffractometer, equipped with a CuKao source (A = 1.54060 A) and a Vanise
detector, operating at 35 k¥'V and 50 mA. The sample is scanmed between 4 and 40° in 28,
with a step size of $.0087¢ in 28 and a scan rate of 0.5 seconds/step, and with 0.6 mm
divergence, 5.28mm fixed anti-scatter, and 9.5 mm detector shits. The dry powder is
packed on 2 quariz sample holder and & smooth surface is obtained using a glass slide, It
is well known in the crystallography art that, for any given crvstal form, the relative
intensities of the diffraction peaks may vary due to preferred orientation resulting from
tactors such as crystal morphology and habit, Where the effects of preferred ovientation
are present, peak intensities are altered, but the characteristic peak positions of fhe
polymaorph are unchanged. (For example, see: U, §. Pharmacopia 33 - National Formulary

28 Chapter < 941> Characterization of Crystalling Solids by X-ray Powder Diffraction
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(XRPDN Oficial October 1, 2010-February 1, 2011}, Furthermore, it is also well known

in the crystallography art that for any given crystal form the angulay peak positions may

vary slightty. For example, peak positions can shift due to a vanation in the temperature

or bumidity at which a sarple is analyzed, sample displacement, or the presence or

absence of an internal standard, In the present case, a peak position vanability of = 0.2 in

20 will take into account these potential variations withou! hindering the unequivocal

identification of the indicated crystal form. Confirmation of a crystal form may be made

based on any wrique combination of distinguishing peaks (in units of © 28}, tvpically the

more prominent peaks. The crystal form diffraction patiern is collected at ambiant

femperature (19-25°CY and relative humidity (20-60%).

Thus, a prepared sample of the compound of Example 2 is characterized by an

XRPD pattern using CuKo radiation as having diffraction pesks (2-theta valoes) as

described 1n Table § below. The form is crystalline and contains a peak at 22.97 degree in

combination with oue or more of the peaks selected from th

e group consisiing of 11.96,

18,81, 20.78, and 21 .07 degrees 2-theta, with a tolerance for the diffraction angles of 0.2

degrees.

Table 11 Xray powder diffraction peaks of Example 2:

Pea,_k Angle (2-Theta ™} Intensity %
I 7.573 0.3
Z 8177 2.3
3 11.96 50.4
4 13.063 246
5 P48036 205
6 14.352 29
7 15.223 32.4
& 16.845 15.8
9 P71 18
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110 i7.828 234
11 18.481 10.6
12 18.809 253
£3 12,396 117
14 201402 28

15 20.778 44.2
ié 21.068 63,8
17 22713 36.8
I8 22.967 100
19 23.407 7.4

2¢ 23.625 2.4
21 2411 33

22 24773 49

23 25,028 6.5

24 25311 i1.5
25 25,868 1.8

26 26.586 14.6
27 27.979 256
28 28.27 6.6
29 28,033 3.6
34 2054 14.3
31 289 12.2
32 30.556 2.9
33 30.766 P15
34 31703 1.3
35 32.186 10.1
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36 33.018 _ 1.4
37 33822 3.4
38 34.007 2
39 34.451 i
46 34,728 8.5
41 35381 2.7
42 35.601 5.8
43 36.052 32
44 36272 35
45 36,866 7.2
46 37.73 0.8
47 38232 0.2
4% 38.608 1.2
49 35,138 1.5

Saolid State NMR of Example 2
¢ Cross polarization/magic angle spinning (CP/MAS) NMR (solid-state NMR

5 or 55NMR}spectra are obtained using a Bruker Avance II 400 MHz NMR spectrometer
{(Lilly tag K299547) operating af a carbon frequency of 100,622 Mz and equipped with
a Bruker dmm triple resonance probe {K299551). TOSS sideband suppression is used
along with cross polarization employing SPINALS4 decoupling (70.8 Watts) and a
RAMP100 shaped H-nucleus CP pulse. Acquisition parameiers are as follows: 90°

10 proton 1.f pulse width of 2.5 ps, contact fime was 3.5 ms, pulse repetition time of 5 g,

MAS frequency of 10 kHz, spectral width of 30 kHz, acquisition time is 34 ms and the
mumber of scans is 10,587, Chemical shifts are referenced to adamantane (& = 29.5 ppm)

in 2 separate experiment, © ¢ NMR (solid-state}: & (ppm) 18.65, 27.52, 28.76, 47.66,
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4596, 55,02, 58.88, 122.87, 126.4%, 12973, 131.37, 132.31, 137.28, 145.01, 149.17,
168,53, 170.30, 175.55.

Karl Fischer Titration of Example 2
Karl Fischer tifrations are obtained using a Brinkmann Methrohm 756 KF
“oulometer. The control standard is determined using Hydranol® as a water standard in
duplicate. Run the sample in triplicate and record the average percentage of water 1o
determine the amount of water i a sample. Karl Fischer Titration average vesult of
Example 2 is 3.9% water.  Theorstic percentage of one maolar equivalent of water in

Example 2 15 3.7%.

Cancer-is increasingly recognized 8s a heterogencous coliection of diseases whose
initiation and progression are induced by the aberrant funciion of one or more genes that
regulate DNA repair, genome siabiiity, cell proliferation, cell death, adhesion,
angiogenesis, invasion, and motastasis in cell and tissue nucroenviroments. Variant or
aberrant function of the “cancer”™ gones may result from naturally eccurring DINA
polymorphisnt, changes in genome copy number (through amplification, deletion,
chromosome 1oss, or duplication), changes in gene and chromosome structurs {through
chromosomal fransiocation, inversion, or other rearrangement that leads to deregulated
gene expression), and point mutations. Cancerous neoplasms may be induced by one
aherrant gene function, and maintained by the same aberrant gene function, or
maintenance and progression exacerbated by additional aberrant gene functions.

Beyond the genetic chromosomal aberrations mentioned above, each of the
cancers may also inchade epigenetic modifications of the genome including DNA
methylation, genomic imprinting, and histone modification by acetylation, methvlation,
or phosphorylation. An epigenetic modification may play a role in the mduction and/or
maintenance of the malignaney.

Extensive catzlogues of the cytogenetic aberrations in human cancer have been
compited and are maintamed and regularly updated online (see The Mitelman Database of
Chromosome Aberrations in Cancer at the US National Cancer Institute (NC Cancer

Genome Anatomy Project (CGAPY Web siter Ttipy/cespasinib.goy). The database
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inciudes chromosomal aberrations for af least some of the malignancies of the present
mvention, The Wellcome Trust Sanger Institute Cancer Genome Project maintains a
detatled online “Cancer Gene Census” of all human genes that have been causally linked

B
H

to turporigenesis (seo i

enotiea/CGE Consug) as well as the

COSMIC (Catalogue of Somatic Mutations in Cancer) daiabase of somatic mutations in

human cancer (see hin/fwww.sanger.ac uk/oenetios/COF ooamic). A further source

containing abundant information on cytogenetic changes causally linked to various
cancers is the Atlas of Genetics and Cytogenetics in Oncology and Haenmatology

H

(it atiaspensiicsoncologyv org/ Anomalios/ Anomlisie i BMDY). These databases

also include chromosomal aberrations for at least some of the malignancies of the present
invention.

Dragnosis of cancerous malignancies by biopsy, invmunophenotyping and other
tesis are koowsn and routinely used. In addition to high resolution chromosome banding
and advanced chromosomal imaging technologies, clromosome absrrations in suspected
cases of cancer can be determined through cytogenetic analysis such as fluorescence in
, spectral karvotyping (SKY), multiplex FISH (M-

situ hybridization (FISH), karvotyping
FISH]}, comparative geno;:m'c hybridization (CGH), single nucleotide polymorphism
arrays {SNP Chips} and other diagnostic and analysis fests known and used by those
skitled in the art.

The oncogenic role of Notch was first reported in human T-cell leukemia
involving a translocation of the Noteh ] intracellular domain to the T-cell receptor-§
promofer region, resulting i the over expression of Notchl intraceliular domain (Grabher

et al. Nature Review Cancer, 2006(6):347-359; Weng et al. Science, 2004(306%265-271).

Over expression of Notchl imracellular domain in hematopoletic progenitor cells of mice
cansed the mice to exhibit T-cell acute lymphoblastic leukemis siilar (o humans. In
addition fo T-cell acute lymphoblastic leukemia, there is increasing evidence that Notch
signals are oncogenic in other cancers through multiple mechanisms inchiding receptor
amplification and over expression of ligands and/or veceptors including acute
tymphoblastic leukemia, acute myelogenous leukemia, chronic myelogenous leukemia
and erythroleukemia. Aberrant constitutive Notch signaling due to mutation or over

exprassion of ligands and/or receptors is also implicated in a nwmber of solid fumor
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maiignancies including breast cancer, ovarian cancer {Park et al. Cancer Research,

2006(661:6312-6318), melanoma (Gast et al. Genes. Chromosomes & Cancer,

2G10(49):733-745}, lung cancer, non small cell lung cancer { WesthofY et al. PNAS,
2009{106):22293-22298), pancreatic cancer, glioblastoma, colorectal cancer, head and
5 neck cancer, cervical cancer, prostate cancer, liver cancer, squamous cell carcinoma

{oral), skin cancer and medulloblastoma (Ranganathan et al,, Natwre Review Cancer,

201 8(133338-351 and Supplementary mformation Si (table)). Inhibition of Noich
signaling presents an atiractive target o provide therapeutic benefits o cancer patients
whose disease was induced by abesrant activation of constitutive Notch signaling

{¢ pathway. Shib et al. Cancer Research, 2007{(6731879-1 882,

The following m vitso and I vivo studies demonstrate the Notch pathway
signaling inhibitory activity and efficacy of Compound 1 against various specific cancer
cell lines. These assays are generally recognized by those skilled in the at as indicative
of human clinical chematherapeutic activity. Inhibition of Notch fraceliutar domain

{5 cleavage by v-secretase is helioved to be effeciive against each of Notch 1, Notch 2,
Notch 3 and Noich 4 receptors. Assays evidencing Notch pathway signaling mhibitory
activity and efficacy may be carried out substantially as follows or by similar assays

affording sirhilar data.

20 Notehi NIICD Nuclear Acconmilation Collulor Imaging Assay

HEKISIAELZ cells (HEK293 cells are engingered to stably express mouse
Notchl ¢INA coding for amino acid 1703-2183, NP 0327403, with 23 amino acid
stignal peptide sequence, MPRELTPLLCLTLLPALAARGLR (SEQ ID N1, at tis N-

terminus) are plated at 5600 celis/well in 96 well plates, incubated in Dulbeceo’s
I

2
Lh

Modified Hagle’s Mediwa-bigh glucose with 5% fetal bovine serum at 37 °C, 5 % €0,
for 24 hours. Cells are treated with test compound, dosing at 10 points of 1.3 dilutions
across the range of 1000 nM (o 0.05 aM, and with final dimethy! sulfoxide (DMSO)
concentration at 0.2%. After 24 hours treatinent, cell plates are processed through
foliowing steps sequentially: fix cells with 100ul/well PREFER™ fixarive for 30 minutes
30 atroom temperature (RT); permeablize cells with 100p] /well 0.1% TRITON® X100 in
phosphate buffered salme (PBS} for 20 min at RT; wash 3 times with 100ul /well PBS
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each; add 50ul/well rabbit anti-N1ICD (Notchl Intracellular Domain) antibody, at 1:2000
in PBS with 1 % bovine serum albumin and incubate 1.5 hours at 37 °C; wash 3 times
with 100ul/well PBS each; incubate with 50ul/well goat anti-rabbit IgG Alexa 488 at

1:1600 dilution in PBS with 1 % bovine serum albumin and incubate 1 hours at 37 °C

Ly

wash 3 times with 100pl/well PBS each and add 100pl/well 15 uM propidium iodide with

SOug/mi RNAse for 30 minutes 1o stain nuclel. Plates are scanned with ACUMEN

EXPLORER™ Lager-scanming fluorescence microplate eviometer (TTP LABTECH

LT to measure tofal cell nuclear count/well and total nuclear area/well with

fluorescence at 655nm--705nm (emission of DNA bound propidium iodide) and

10 fluorescence of antibody binding to N1ICE in nuclear region at 5305nm-—330nm. The
main assay output is a ratio of total flucrescence of nuciear NHICD to iofal nuciear ares,
the normalized nuclear N11CD signal. A relative cytotoxicity profiling was coliected as
Yocell number to 0.2% DMSG controd cells. The antibody that recognizes cleaved Notchl
or NITCEY 18 maised to a human peptide corresponding o the amine terminal cleavage site

15 of buman Notchl at Vall744. In untreated control cells, N1ICD generated from Notchl
will franslocate and accumulate in pucleus. When cells are treated by a Notch 1 cleavage
inhibiting compound, the signal of nuclear NTICD will decrease. Concentration response
and the 1Css are determined by curve fitfing to & four parameter logistic for the nuclear
NIICD signal, while the %cell number is plotted in the same graph for cviotoxicity

20 profiling. Performing the assay essentially as described above, the average ICs for

Compound 1 is 0.41aM (n=7). The compound does not affect cell number up to 1000 nM

concentration,

These daia evidence Compound 1 has affinity for Notch 1 and inhibits the

mtracelbdar acoumudation of the Noteh 1 intracethslar domain cell signaling neptide.
4 £n

B
L

Ehibition of N1ICE cleavage in buman tmmer ool Hoeg

To evaluate potency of Compound 1 in its ability to inhibit N1ICD cleavage,
several human tumor cell nes are utilized. A2780 is a pman ovarien cell line (Sigma-
Aldrich, No. 93112519); MIA PaCa-2 is a human pancress ¢all tne (ATCC No, CRL-

30 1420% BxPC-3 is a human pancreas call line (ATCC No, CRL-1687); 8W48( is & human
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colforectal cell ling (ATCC No. CCL-228); HCT 116 is a human colorectal cell fine
(ATCC No, CCL-247); DLD-1 is a human colorectal cell line (ATCC No. CCL-221)
MDA-MB-231 is a human manmmary gland cell ine (ATCC No, HTB-26), U-87 MG isa
homan glicblastoma cell ine (ATCC No. HTB-14); A375 is a human malignant
melanoma cell ling (ATCOC No. CRL-1619); CCRF-CEM is a human acute fymphoblastic
teukemia (ALL) cell ine (ATCC No. CCL-119); SUP-T1 is a buman T-cel
lvmphoblastic feukenia cell line (ATCC No, CRL-1942); K-562 is a yman chronic
myelogenous leukemia (CML) cell line characierized by the presence of a fusion
transcript comprised of the Ber and Abl1 genes (ATCC Mo, CCL-243); hurkat, Clone Fé-
1 1s a human acute T-cell leukemia cell line (ATCC No. TIB-152); MOLT-3 ig a human
acute lymphoblastic loukemia (ALL) cell Hing (ATCC No. CRL-1352); MOLT-4 s a
human acute lynphoblastic leukemia (ALL) celf line (ATCC No. CRL-1582); HEL
92.1.7 15 a buman ervthroleukemia cell line (ATCC No, TIB-180). Each of the cell Hnes
are obtained from the American Type Culture Collection {ATCC) at the ATCC number
stated, except the A2780 cel linc which is obtained from Sigma-Aldrich at the stated
catalog mumber.  The cells are grown in their respective culture media at 37°C in 5% (O,
with humadity jo the atmosphere. Celt culture media for A2780 human ovarian carcinoma
is RPMI-1640 (without phenol red) with 2.05 M L-glutamine, added 2 M 1-
glutamine, 0.01 mg/mi insulin and 10% fetal bovine serum (FBSY; for HCT 116 human
colorectal carcinoma is MeCoy's 5A with 1.5 mM L-glutamine, 0.075% Na-bicarbonate
and 10% FBS; for SW480 human colorectal carcinoma is RPMI- 1640 with 2.05 mM L-
glutamine, 20 mM HEPES and 10% FBS; U-87 MG human glioblastoma is Minimal
Essential Medium/Earl’s Balanced Salt Sohution with 2 mM L-glutamine, 0.1 mM Non-
essenitial amine scids (NEAAJ, | mM Na-pyrovate, and 10% FBS; for MIA PaCa-2
human pancreatic carcinorna (s Dulbecco’s Modified Bagles Medium (DMEM)} without
Na-pyruvate, with high glucose {4500 mg/mi), 4 mM L-glutamine, 2.5% horse serum and
1% FBS; for K-562 human CML is DMEM with high glucose (4500 mg/mi), 4 mM L-
glutamine, 10 mM HEPES, 0.1 mM NEAA, 1 mM Na-pvruvaie and 10% FBS; for Jurkat,
Clone E6-1 human acufe T cel] leukemia s RPMI-1640 with 2,05 mM L-glutamine,

2.5 g/L glucose, 10 mM HEPES, 1 mM Na-pyruvate, 0.075% Na-bicarbonate and 10%
FBS; for A-375 buman malignani melanoma and MDA-MB-231 human breast

adenccarcinorna is DMEM with high glucose (4500 mg/m1), 4 mM L-glutamine and 10%
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FBS; for BxPC-3 human pangreatic adenocarcinoma, DLD-1 human coforectal
adenocarcinoma, SUP-TT human tymephoblastic levkemia, MOLT-3 human ALL, Mols-4
human ALL, CCRF-CEM human ALL, and HEL 92.1.7 human erythroleukemia is
RPMI-1640 with 2.05 mM L-glutamume, 2.3 ¢/ ghucose, 20 mM HEPES, T mM Na-
pyruvate, and 10% FBS. When 80-90% confluent, cells are reated with compound,
dosing at 10 points of 1.3 dilutions across the range of 50 nM to 3.0025 uM, and with
final dimethyl sultfoxide (DMSO) concentration at 8.61%. After 24 hours treatment, cell
plates are processed essentially through the following steps sequentially: Celis are
collected after trypainization, washed once with ice-cold PBS, and lysed fn 100 pl ice
cold XY lysis buffer (25 mM Tris pH 7.5, 10 pg/ml Trypsin/Chymotrypsin inhibitor, 10
ug/mi Aprotinin, 60 mM Beta-glveero! phosphate , 1% Triton® X-100, 10 mM NaF, 2.5
mM pyrophosphate, 130 mM NaCl, 15 mM ethylene diamine tetra acetic acid (EDTA)
pH 8.0, 3 mM ethylene glycol-bis(2-aminoethylether)-N,N,N', N'-tetra acetic acid (BGTA)
pi 8.0, | mM Na Vanadate, 10 pg/m! Leupeptin, 1 mM dithiothreitol, 1 uM microcystin
LR, 10 pg/ml N-p-tesyl-L-phenylalanine chloromethyl ketone (TPCK), 2 mM No-p-
tosyl-L-arginine methyl ester hydrochloride (TAME), 15 mM 4-nitrophenyl phosphate
diftris) salt (PNPP}, 0.1 mM 4-(2-aminoethyl} benzenesulfonyl fluoride hydrochiorida
(AEBSF), 3 oM henzamidive, 1 pM Okadaic Acid) containing X Complete tablet
{Roche Complete™ Ne. 11 697 498 001) and 1X Proteass Inhibitor cocktail (Sigma
Aldrich P83403. Lysate is incubated on ice for 15 min with brief vortexing every § min
and sondeated for I minute on ice. Samples are spun i a 4°C eppendorf centrifuge af
30,000 rpm for 30 minutes and 80 ul of supernatant is collected for analysis. Total protein
concentration is determined using Pierce BCA Protein Assay Kit™ (Thermo Seientific,
Rockiford, 11} using a Thermomax™ plate reader (Molecular Devices, Sunnyvale, CA}.
NIICE jevels are determined using a custom N1ICT Enzyme Linked Immunosarbent
Assay (ELIBA). Analyte is captured with a cleaved Noteh (Vall744)-specific custom
rabbit monoclonal antibody and detected with a C-terminal Notch] SULFO-TAG®D
{Meso Scale Diagnostics, Gaithersburg, Maryland) polyvcional sheep antibody (R&D
Systems, Minneapolis, MN}. Lysates are diluted to 1 pg/ul in ica-cold BLISA fris Iysis
buifer ROOTX (Meso Scale Diagnostics, Gaithersburg, Maryland), containing 1X
Complete tablet (Roche Complete™ mini No. 11 836 153 0013 and 1 X Protease Inhibitor
cocktatl (Sigma Aldrich PE340), and 2501 is added to the BLISA plate, Tncubation of 25
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ug protein lysate is done at RT for one hour each fo capture analvte and with detection

antibody. Plates are read on a Sector Tmager 60007 {Meso Scale Discovery,

Geithershurg, Maryland). Background subtracted NICD is normalized to total protein

and presented as % inhibition relative to the vehicle-treated group. The 1Cs value is

deiermined by fitting concentration response data to “4-parameter sigmoidal dose-

response (variable slope)” model using GraphPad Prism® 4 software. The 1Csy value for

Compound | in various tumor cell lines is shown in Table 1

MIA Pala-2 8,71
BxPC-3 (339
SW480 3,10

HCT 11s .72
DED-1 (.98
MEA-MB-231 0,30
U-87 MG (.28
A-3T5 0.4%

CORF-UEM (.76
SUP-T1 1.24

K-5362 0.74
Jurkat 5.95
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MOLT-3 0.61
MOLT-4 0.74

HEL 92.1.7 03

The data in Table 1 evidences the potency of Compound | in s ability to inhibit
NIICD signaling peptide generation by inhibiting v-secretase activity and as a result
NIICD signaling peptide accurnulation in specific human twnor cell lines.

Ia-vive efficacy and target inbibition studies
Animal studies

To evaluate i vivo efficacy and effect of Compound 1 on inhibition of Notch
processing pharmacodynamics (PD), several cell lines- and patient-derived xenograft
modeis are used. AZ780 (2 x 10%), SW4S0 (6 x 10%), HCT 116 (6 x 10%, U-87 MG (6 x
10%, and A-375 (10 x 10% cells in & 1:1 matrigel mix (0.2 mL volume) are implanted by
subcutaneous injection in the hind log of 6-8 weeks of age athymic nude famale mice
(Harlan Laboratdries). K-362 (6 x 10%) celisina 1:1 matrigel mix (0.2 mi volume) are
mnplanted by s;ubcumneoﬁs injection in the hind leg of 6-8 weeks of age CD1 npmy
female mice (Charles River Laboratories). HEL 92.1.7 (7 x 10% in a 111 matrige! mix
(0.2 mL volume} arc implanted by subcutaneous injection in the hind feg of -8 weeks of
age CB17 severely combined immune deficient female mice (Taconic Farms). Patient-
derived tumors are minced inko 1-2 nun pileces and mixed with matrige! ¢1:1) in 0.2 md
voiume and implanied by subcutancous injection in the hind leg of 6-8 weeks of age
athymic nude female nuce (Harlan Laboratories). Patients-derived tumor models fnclude:
hurnan ghioblastoma (EL2144), human iriple negative invasive ductal bresst carcinoma
(EL1997}, and buman colon carcinoma (EL.1989, EL 1986, and E1 2056} with samples
obtained afier paticnt consent and hospital approval from TU Health, Methodist Hespital,
Indianapolis, Indiana, USA 46206, A total of 7 to 10 mice are used for each group. Just
before implantation for AZ780, SW480, HEL 92.1.7, A-375, K-562, and patient-derived
tumor rpodels, animals are itradiated (450 Total Body Trradiztion). Mice are fed ad

{ibituni on normal chow. Treatment is initiated with oral administration {gavage) of
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compeund or vehicle (1% Na~-CMC in 0.25% Tween-80) in 0.2 mL volume when tumor
size reached to 150 = 30 mm’, At designated time points following treatment, animals
are sacrificed by CG; asphyxiation and cervical dislocation, Tumors are removed and
used for PD response analysis. Tumor growth and body weight are monitored over tirne
5 o evaluste efficacy and signs of toxicity. Bidimensional measurements of tumors are

performed twice a week and tumor volumes are caleulated based on the following
formula: {Tumor Volume) = [{L) x (W2) x ({¥/6}] where L is mid-axis length and W is
mid-axis width. Tumor volume data are ransformed to a log scale to equalize variance
across time and treatment groups. The log volume data ave analyzed with a two-way

1 repeated measures analysis of varance by time and treatment using the MINED™
procedures in SAS™ software (version 8.2). The correlation model for the repeated
measures is spatial power. Treated groups are compared to the control group st each time
point. The MIXED™ procedure is also used separately for each treatment group to
calculate adjusted means and standard errors at each tme pomt. Both analvses aceount

I5  for the autocorrelation within each animal and the loss of data that ocours when animals
with large tumors are removed from the study early, The adjusted means and standard

- errors are plotied for cach treatiment group versus time. Antitamor activity is expressed as
* tumor growth inhibition percentage (TGI %) and is caleulated by comparing tumor

volume in the treatment group wiih vehicle treatment group. Percentage Tumor Growth

20 Inhibition (%TGI) and statistical significance value {p value) for Compound 1 is

macasured essentially as described shove and sommarized in Table 2.

NIFCD Anabyels

To evaluate NIICD levels in tumors, approximately 75 me is cut from the frozen
y

2
L1

wmor and minced prior to homogenization (actual mass recorded). Frozen tumor samples
are transterred 10 Lysing Matrix-D™ tubes and re-suspended in ice-cold XY lvsis buffer
(25 mM Tris pH 7.5, 10 pg/ml Trypsin/Chymotrypsin inhibitor, 10 pg/mi Aprotinin,

60 mM Beta-glveerol phosphate , 1% Triton® X-100, 10 mM NaF, 2.5 mM
pyrophosphate, 150 mM NaCl, 15 mM efhylene diamine retra acetic acid (EDTA) pH 8.0,
30 5 mM ethylene glycol-bis(2-aminoethylether)- NN, N N'-tetra acetic acid (BGTA)Y pH 8.0,

I mM Na Vanadate, 10 pg/mi Leupeptin, 1 mM dithiothreitol, T pM microcystin LR,
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10 pg/mi N-p-fosyl-L-phenylalanine chloromethyl ketone (TPCK}, 2 mM No-p-tosyl-L-
arginine methyl ester hydrochioride (TAME), 15 mM 4-nitropheny] phosphate diftris} salf
(PNPF}, 0.1 oM 4-(2-aminoethyl} benzenesulfonyl fluoride hydrochloride (AEBSF),
5 oM benzamidine, 1 M Okadaic Acid) containing 1X Complete tablet (Roche
3 Complete™ No. 11697 498 001} and 1X Protease Inhibitor cocktall (Sigma-Aldrich
PSMG} al & mass: volume ratio of 75 my/ml buffer. Tissues are homogenized in a Fast
Tep FPI20 horaogenizer (Thermo Scientific, Rockford, 10) at a speed of 6.0 for 30
seconds at 4°C, followed by 15 minute incubation on ice. This is repeated for a total of 2-
3 cycles uniill homogenization is complete. Lysates are spun in a 4°C eppendorf centrifuge
G ar 30,000 rpm for 15 minutes to remove debris. 400 ul of supernaiant is removed and
transferred to a new eppendorf tube and subjected 1o a frecze/thaw cycle. Samples are re-
spun in & 4°C eppendorf centrifuge at 30,000 rpm for 30 minutes and 120 ul of
supernatant is collected for analysis. Total profein concentration is deternined using

Pierce BCA Protein Assay Kit™ (Thermo Scientific, Rockford, 1LY using a

j—
1

Thermomax™ plate reader (Molecular Devices, Sunnyvale, CA). N1ICD levels are
determined using a cusiom N1ICD ELISA. Analyte is captured with a cleaved
Notchi(Vall744 )-specific cuslom rabbit monoclonal antibody and detected with a (-
terminal Notehl SULFPO-TAG™ (Meso Scale Discovery, Gaithersburg, Marviand)
polyelonal sheep antibody (R&D Systems, Minneapolis, MN). Lysateé arg dituted fo
20 2 pg/plinice-cold BLISA iris lysis buffer (ROCTX) (Meso Scale Discovery,
Gaithersburg, Maryland) conta im’ng IX Compleie tabigt {Reche Complete™ muni No, 11
836 153 001} and 1X Protease Inhibitor cockiail {Sigma-Aldrich P8340), and 25ulis
added to the ELISA plate. Incubation of S0 ug protein lysate is done at RT for one hour
each o capture analyte and with detechion antibody. Plates are read on a Sector Imager
25 6000™ (Meso Scale Discovery, Gaithersburg, Marviand). Background subtracied N1ICD
is normalized fo total protein and presented as % inhibition relative fo the vehicle-treated
group. NIICD % mhibition and statistical significance (p value) as measured by Dunett’s
method i tumors harvested 4 hours afier last dose for Compound 1 is analyvzed

essentially as described abave and summarized in Table 2.
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Table 2.
AZTRD 10 QIbhxil 36.55 (< 00001 68.5 (< 0.0001}
AZTRO 1t Q308 32,90 (<< 00001 | 553 (< 0.0001)
AZ780 3 (BIDHODxTHBIENQ2DxT | 7135 (< 0.0041) 50.7 {0.00064)
AZTEO 3 {3521 46,60 (< 0.0061) | 62.R {< 0.0001)
A2780 10 G213 SEAT (<0006 ¢ 748 (< 0.0001
AZTEO 3 0213 63,60 (< Q.0001) | TLT7 (< 0.0001)
AZT80 7 Q2Dx 13 56.05 (< 0.0001) | 65.9 (< 0.0001)
36.33 (< 0.05 to
AZTRO & Q2D 13 6.7 (< 0.0001)
<0.01)
3665 (< 00510
A2THG 3 Q20x13 58.6 (< 0.0007)
< {.01)
B30 (< 005w
A2TH 1.5 Qbxis 504 (< 0.0601)
< {1.01)
SW4R0 g {Mon, Wed, Frid 61.00 (< 0.0001) ¢ TLS (= {.0002)
3T S8 (< (05w
HCT 16 8 {Mon, Wed, Frijxd 73.0 {= 0.0005;
<0013 '
U-87 MG 8 {MMon, Wed, Fri)xd 3333 (< 00061 | B7.8 (< 0.0001)
A-375 8 {(Mon, Wed, Frijxd 28,47 {NS) 775 (< 0.0001)
K-562 & {Mon, Wed, Frijxd 54,06 {<0.01 to 47.6 (< 0.00013
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-1
< {LO0T)
HEL 92.1.7 g ) Zdaid T.20 (NS 56.7 (< 0.000 ]
1 (Q20x7), 11-days OFF,
BLI%97 BOZB (= 0.0001) | 67.9 (< 0.0001)
2 {Mon, Wed, Fri)x4
1O Q20 7), 1 E-days OFF, o
EL198% TEAZ (< 000013 | TOZ (< 0.0001)
g {Mor, Wed, Frijpxd
EL2144 1t} Q20xE 3337 (< 000 ND*
EE2056 8 (Mon, Wed, Fri)x5 5905 (= 0.0001) | B35 (< {.0001)
BL1986 8 {(Mon, Wed, Frijx3 62.00 (< 0.0001) B4.9 (< 0.0001)

* Wt Determined

The data in Table 2 evidences the tumor growth inhibition, and the mhibition of
N cleavage by Compound 1 in various xenograft models of human tumor. The data
m Tabie 2 further provides an in vive correlation to the functional activity cell data
described in Table 1. '

Metabolism and Excrefion

Compounds that demonstrate low or no Cytochrome P450 (CYP450) moetabolism
and modulation have a reduced likehhood for adverse interactions with other medications
the patient is taking that counld result in dose changes or a need to stop medication
altogether, When CYP450 metabolism leads to appreciable exposure of patients to active
metabolites, etficacy and safety iszues can arise from the greater variability associated
with the contribution of multiple active species; therefore, generally a drug lacking active
metabolites is preferred. Therapeutic agents evidencing low or no CYP450 metzbolism
and modulation are desirable and raay have superior safety profiles in and for patients,

Lynch et al, Am. Fam. Physician, 76, 391 (2007). The potential for CYP450 enzyme

mieractions cannot be predicled based solely on the structure of an active pharmaceutioal

agent.
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Compound 1 i3 not an inbibitor or inducer of the major CYP45¢ enzymes and was
not metabolized o any appreciable extent by liver microsomes optimized for oxidative
CYP450 mewbolism. In rats and dogs in vive, major exidative metabolites were not
observed in circulation or excreta. Therefore, Compound 1 has a low likelihood for

5 CYP450-based interactions with other medications that could result in dose adjustments
or & need to Jimit or stop additional medications in a patient being treated for cancer.

Compound ! was evaluated i vive in bile-duct cannulated rais to study sysiemic
pharmacokinetics (FK), excretion, and metabolism.  Jn vive 51% of the TV dose was
excreted unchanged, predominately in the vrine, with low (2% of parent) systemic

10 exposure te an active N-dealloylated metabolite, 4,4, 4-trifhioro-N-[{18)-1 -methyi-2-oxo-
2-[[{78)-6-oa-5, T-dibydropyrido[ 2,3-d]) 31benzazepin-7-vilaminolethyllbutanaride.
Profiling of rat plasma for metabolites, indicated the absence of additional circulating
metabolites. Further studies in bile-tuct intact dogs also supported appreciable clearance
by excretion of parent compound, as well as the absence of major circulating active

metabolites.

?_..,.
Lh

Gverall metabolism and excretion data for Compound 1 evidenced desirable
clearance mechanisms {urinary excretion of parent compound and arnide hydroiysis to an
mactive and non-sirculating fragment, which is not formed m meubations with Hver
nucrosomes optimized for CYP450 metabolism), as well as the absence of major active.

20 circulating metabolifes,
- In the chinical setting, the clearance properties of Compound 1 observed
prechinically arc desirable. Compounds eliminated primarily by oxidative metabolis are
lenown o exthibit variable exposure due to dmg interactions with concomitant

medications and certain froit julces/herbs, liver digease, and inter-patient differences in

o]
LA

enryme activity. Multiple clearance mechanisms are proferred, because they diminish the
immpact of drug interactions occurring st any one elimination pathway. Therefore,
clearance of Compound I by both excretion (31%) and metabolism (amide hydrolysis),
without production of major active circulating metabolites, i advantageous to the patient.
Overall these clesrance properties decrease the tkebhood for ¢linical dose adjustments, as

30 well as minimize safety and efficacy concerns associated with major active circulating
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metabolites, administration of concomitant medications, and inter-patient differences in
CYPASE activity,
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We claim:

1. A compound of the structure:

Compound 1
or a pharmaceutically acceptable salt or hydrate thereof.

2. A compound of claim | which is a pharmaceutically acceptable salt thereof.
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3. A pharmaceutical composition comprising a compound of Claim 1, or a
pharmaceutically acceptabie salt or hydrate thereof, in association with a pharmaceutically

acceptable carrier.

4, A compound of Claim 1, or a pharmaceutically acceptable salt or hydrate thereof,
ior use 1n the treatment of a cancer which is T-cell acute lymphoblastic leukemia, acute
lymphoblastic leukemia, acute meylogenous leukemia, chronic myelogenous Jeukemia,
erythroleukemia, breast cancer, ovarian cancer, melanoma, lung cancer, pancreatic cancer,
glioblastoma, colorectal cancer, head and neck cancer, cervical cancer, prostate éancer, liver

cancer, squamous cell carcinoma (oral), skin cancer or medulioblastoma.

5. A compound of Claim 1, or a pharmaceutically acceptable salt or hydrate thereof,

for use in the treatment of a-cancer which is T-cell acute lymphoblastic leukemia,



46

chronic myelogenous leukemia, ervthroleukena, breast cancer, ovarian cancer, melanoma,

pancreatic cancer, glioblastoma or colorectal cancer.

6. Use of a compound of Claim 1, or a pharmaceutically acceptable salt or hydrate
thereof, for the manufacture of a medicament for the treatment of a cancer which is T-cell acute
lymphoblastic leukemia, acute Ilvmphoblastic leukemia, acute myelogenous leukemia, chronic
myelogenous leukemia, erythroleukemia, breast cancer, ovarian cancer, melanoma, lung cancer,
pancreatic cancer, glioblastoma, colorectal cancer, head and neck cancer, cervical cancer,

prostate cancer, iiver cancer, squamous cell carcinoma (oral), skin cancer or medulloblastoma.

7. Use of a compound of Claim 1, or a pharmaceutically acceptable salt or hydrate
thereof, for the manufacture of a medicament for the treatment of a cancer which is T-cell acute
lymphoblastic leukemia, acute lymphoblastic leukemia, chronic myelogenous leukemia,
erythrolenkemia, breast cancer, ovarian cancer, melanoma, pancreatic cancer, glioblastoma or
colorectal cancer.

8. A compound of Claim 1 which is a crystalline hydrate characterized by an X-ray
powder diffraction pattern using CuKo radiation having a peak at 22.97 £0.2 degrees 2-theta in
combination with one or more peaks at 11.96 £0.2, 18.81 0.2, 20.78 +0.2 or 21.07 0.2 degrees

2-theta at ambient temperature and relative humidity.



