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Cyclic Amines as Bromodomain inhibitors

[0001] The present disclosure relates to novel compounds, pharmaceutical compaositions
containing such compounds, and their use in prevention and treatment of diseases and conditions.

[0002] Post-translational modifications {PTMs} of histones are involved in regulation of
gene expression and chromatin organization in eukaryotic cells. Histone acetylation at specific
tysine residuas is a PTM that is regulated by histone acetylases (HATs) and deacetylases (HDACs)
[11. Smaill molecule inhibitors of HDACs and HATs are being investigated as cancer therapy [2-5].
Histone acetylation controls gene expression by recruiting protein complexes that bind directly to
acetylated lysine via bromodomains [6]. One such family, the bromodomain and extra terminal
domain {BET) proteins, comprises Brd2, Brd3, Brd4, and BrdT, each of which contains two
bromodomains in tandem that can independently bind to acetylated lysines, as raviewed in {7].

{00031 interfering with BET protein interactions via bromodomain inhibition resuits in
modulation of transcriptional programs that are often associated with diseases characterized by
dysregulation of cell cycie control, inflarnmatory cytokine expression, viral transcription,
hematopoietic differentiation, insulin transcription, and adipogenesis [8].

{0004] BET inhibitors are believed to be useful in the treatment of diseases or conditions
related to systemic or tissue inflammation, inflammatory responses to infection or hypoxia, cellular
activation and proliferation, lipid metabolism, fibrosis, and the prevention and treatmeant of viral
infections {8, &1

(00051 Autoimmune diseases, which are often chronic and debilitating, are aresultofa
dysregulated immune response, which leads the body to attack its own cells, tissues, and organs,
Pro-inflammatory cytokines including, 115, TNF-g, 1L-6, MCP-1, and 1L-17 are overexpressed in
autoimmune disease. IL—17 expression defines the T cell subset known as Thi7 cells, which are
differentiated, in part, by 1L-6, and drive many of the pathogenic consaeguences of autoimmune
disease. Thus, the IL-6/Th17 axis regresents an important, potentially druggable targetin
autoimmune diseass therapy (10}

[0006] BET inhibitors are expected to have anti-inflammatory and immunomodulatory
properties [8, §]. BET inhibitors have been shown to have a broad spectrum of anti-inflammatory
effects in vitro including the ahility to decrease expression of pro-inflammatory cytokines such as
H-18, MCP-1, TNF-ar, and 1i-6 in activated immune cells [11-13]. The mechanism for these anti-
inflanimatory effects may involve BET inhibitor disruption of Brdd co-activation of NF-xB-regulated
pro-inflammatory cytokines and/or displacement of BET proteins from cytokine promoters,

including 1L-6 {12, 14, 15]. In addition, because Brd4 is involved in T-cell lineage differentiation, BEY
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inhibitors may be useful in inflammatory disorders characterized by specific programs of T cell
differentiation {18].

[0607] The anti-inflammatory and immunomoduiatory effects of BET inhibition have also
been confirmed in vivo, A BET inhibitor rescued mice from endotoxin- or bacterial sepsis-inducad
death and cecal ligation puncture-induced death, suggesting utility for BET inhibitors in sepsis and
acute inflammatory disorders [12]. A BET inhibitor has been shown to ameliorate inflammation and
kidney injury in HIV-1 transgenic mice, an animal mode! for HiV-associated nephropathy, in part
through inhibition of Brd4 interaction with NF-xB {14]. The utility of BET inhibition in autoimmune
disease was demonstrated in 3 mouse model of multiple sclerosis, where BET inhibition resulted in
abrogation of clinical signs of disease, in part, through inhibition of IL-6 and IL-17 {171 These
results were supported in a similar mouse model where it was shown that treatment with a BET
inhibitor inhibitad T cel differentiation into pro-autoimmune Thl and Th17 subsets in vilro, and
further abrogated disease induction by pro-inflammatory Thi cells {18].

{0008 BET inhibitors may be useful in the treatment of a variety of chronic autoimmune
inflammatory conditions. Examples of autoimmune and inflammatory diseases, disorders, and
syndromes treated using the compounds and methods include, but are not imited to,
inflammatory pelvic disease, urethritis, skin sunburn, sinusitis, pneumonitis, encephalitis,
meningitis, myocarditis, nephritis {14], osteomyelitls, myositis, hepatitis, gastritis, enteritis,
dermatitis, gingivitis, appendicitis, pancreatitis, cholecystitls, agammaglobulinermia, psoriasis,
allergy, Crohn's disease, irvitable bowel syndrome, ulcerative colitis [9], Sjogren's disease, tissue
graft rejection, hyperacute rejection of transplanted organs, asthma, allergic rhinitis, chronic
obstructive puimonary disease {COPD), autoimmune polyglandular dissase {also known as
autolmmune polyglandular syndrome), autoimmune alopecia, pernicious anemis,
glomerulonephritis, dermatomyositis, multiple sclerosis {18}, scleroderma, vasculitis, autoimmune
hemolytic and thrombocytopenic statas, Goodpasture's syndrome, atherosclerosis, Addison’s
disease, Parkinson’s disease, Alzhelmer's diseass, Type | diabetes [8], septic shock [12], systemic
lupus erythematosus {SLE) [3], rheumatoid arthritis [19], psoriatic arthritis, juvenile arthritis,
osteoarthritis, chronic idiopathic thrombocytopenic purpura, Waldenstrom macroglobulinemia,
myasthenia gravis, Hashimoto's thyroiditis, atopic dermatitis, degenerative joint disease, vitiligo,
autoimmune hypopituitarism, Guillain-Barre syndrome, Beheet's disease, uveitls, dry eye disease,
scieraderma, mycosis fungoides, and Graves' disease.

(0008 BEY inhibitors may be useful in the treatment of a wide variety of acute
inflammatory conditions including, but not limited to, acute gout, giant cell arteritis, nephritis

including fupus nephritis, vasculitis with organ involvement, such as glomerulonephritis, vasculitis,
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including giant celi arteritis, Wegener's granulomatosis, polyarteritis nodosa, Behcet's disease,
Kawasaki disease, and Takayasy's arteritis.

[00010]  BET inhibitors may be useful in the prevention and treatment of diseases or
conditions that involve inflammatory responses to infections with bacteria, viruses, fungi,
parasites, and their toxins, such as, but not limited to sepsis, sepsis syndrome, septic shock [12],
systemic inflammatory response syndrome {SIRS), multi-organ dysfunction syndrome, toxic shock
syndrome, acute lung injury, adult respiratory distress syndrome {ARDS}, acute renal failure,
fulminant hepatitis, burns, post-surgical syndromes, sarcoidosis, Herxheimer reactions,
encephalitis, myelitis, meningitis, malaria, and SIRS associated with viral infections, such as
influenza, herpes zoster, herpes simplex, and coronavirus {8].

[00011] Cancer is a group of diseases caused by dysregulated cell proliferation.
Therapeutic approaches aim to decrease the numbers of cancer cells by inhibiting cell replication
or by inducing cancer cell differentiation or death, but there is still significant unmet medical need
for more efficacious therapeutic agents. Cancer cells accumulate genetic and epigenetic changes
that alter cell growth and metabolism, promoting cell proliferation and increasing resistance 1o
programmed cell death, or apoptosis. Some of these changes include inactivation of tumor
suppressor genes, activation of oncogenes, and modifications of the regulation of chromatin
structure, including deregulation of histone PTMs [20, 21].

[60012] The present disclosure provides a method for treating human cancer, including,
but not limited to, cancers that result from aberrant translocation or overexpression of BET
proteins {e.g., NUT midline carcinoma (NMC} [22]} and B-cell lymphoma [23]). NMC tumor cell
growth is driven by a translocation of the Brd4 or Brd3 gene to the nutlin 1 gene [24]. BET
inhibition has demuonstrated potent antitumor activity in murine xenograft models of NMC, a rare
but lsthal form of cancer [24].

[00013] The present disclosure provides a method for treating human cancers, including,
but not limited to, cancers dependent on a member of the myc family of oncoproteins including ¢-
myc, MYCHN, and L—myc [25]. These cancers include Burkitt's lymphoma, acute myelogenous
leukemia, multiple myeloma, and aggressive human medulloblastoma {25]. Cancers in which ¢-myc
is overexpressad may be particularly susceptible to BET protein inhibition; it has been shown that
treatment of tumors that have activation of c-myc with a BET inhibitor resulted in tumor regression
through inactivation of c-myc transcription [26-30).

[00014] The present disclosure provides a method for treating human cancers including

cancers that rely on BET proteins and pTEFL {CdkS/CyclinT} to regulate oncogenes [31], and

(551
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cancers that can be treated by inducing apoptosis or senescence by inhibiting Bcl2, cyclin-
dependent kinase 6 {CDKE) [26], or human telomerase reverse transcriptase {hTERT} {27, 321
{00015} BET inhibitors may be useful in the treatment of cancers including, but not
fimited to, adrenal cancer, acinic cell carcinoma, acoustic neuroma, acral lentiginous melanoma,
acrospirema, acute egsinophilic leukemia, acute erythroid leukemia, acute lymphoblastic
leukemia, acute megakaryoblastic leukemia, acute monocytic leukemia, acute myeloid leukemia
[26, 28, 30}, adenocarcinoma, adenoid cystic carcinoma, adenora, adenomatoid odontogenic
tumor, adenosquamous carcinoma, adipose tissue neoplasm, adrenocortical carcinoma, adult
T-cell leukemia/lymphoma, aggressive NK-cell leukemia, AlDS-related lymphoma, alveolar
rhabdomyosarcoma, alveolar soft part sarcoma, ameloblastic fibroma, anaplastic large cell
lymphoma, anaplastic thyroid cancer, angioimmunoblastic T-cell lymphoma, angiomyolipoma,
angiosarcoma, astrocytoma, atypical teratoid rhabdoid tumor, B-cell acute lymphoblastic
ieukemia [291, B-cell chronic lymphocytic leukemia, B-cell prolymphocytic leukemia, B-cell
lymphoma [23], basal cell carcinoma, biliary tract cancer, bladder cancer, blastoma, bone
cancer, Brenner tumor, Brown tumor, Burkitt's lymphoma [28], breast cancer, brain cancer,
carcinoma, carcinoma in situ, carcinosarcoma, cartilage tumor, cementama, myeloid sarcoma,
chondroma, chordoma, choriocarcinoma, choroid plexus papilioma, clear-cell sarcoma of the
kidney, craniopharyngioma, cutaneous T-cell lymphoma, cervical cancer, colorectal cancer,
Degos disease, desmoplastic small round cell tumor, diffuse large B-cell lymphoma,
dysembryoplastic neurcepithelial turmor, dysgerminoma, embryonal carcinoma, endocrine
gland neoplasm, endodermal sinus tumor, enteropathy-associated T-cell lymphoma, esophageal
cancer, fetus in fetu, fibroma, fibrosarcoma, follicular lymphoma, follicular thyroid cancer,
ganglioneuroma, gastrointestinal cancer, germ cell tumor, gestational choriocarcinoma, giant
cell fibroblastoma, giant ceil tumor of the bone, glial tumor, glioblastoma multiferme, glioma,
gliomatosis cerebri, glucagonoma, gonadoblastoma, granulosa cell tumor, gynandroblastoma,
galibladder cancer, gastric cancer, hairy cell leukemia, hemangioblastoma, head and neck
cancer, hemangiopericytoma, hematological malignancy, hepatoblastoma, hepatosplenic T-cell
fymphoma, Hodgkin's lymphoma, non-Hodgkin's lymphoma, invasive lobular carcinoima,
intestinal cancer, kidney cancer, laryngeal cancer, lentigo maligna, lethal midline carcinoma,
leukernia, leydig cell tumnor, liposarcoma, tung cancer, lymphangioma, lymphangiosarcoma,
lymphoepithelioma, lymphora, acute lymphocytic leukemia, acute myelogenous leukemia {283,
chronic lymphocytic leukemia, liver cancer, small cell lung cancer, non-small celt lung cancer,
MALT lymphoma, malignant fibrous histiocytoma, malignant peripheral nerve sheath tumor,

malignant triton tumor, mantle cell lymphoma, marginal zone B-cell lyrmphoma, mast cell
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leukemia, mediastinal germ cell tumor, medullary carcinoma of the breast, medullary thyroid
cancer, medulloblastoma, melanoma [33], meningioma, Merkel cell cancer, mesothelioma,
metastatic urothelial carcinoma, mixed Mullerian tumor, mixed lineage leukemial26],
mucinous tumor, multiple myeloma [27], muscle tissue neoplasm, mycosis fungoides, myxeid
liposarcoma, myxoma, myxosarcoma, nasopharyngeal carcinoma, neurinoma, neurcblastoma,
naurcfibroma, neuroma, nodular melanoma, NUT-midline carcinoma {24], ocular cancer,
oligoastrocytoma, oligodendroglioma, oncocytoma, optic nerve sheath meningioma, optic
nerve tumor, oral cancer, ostecsarcoma, ovarian cancer, Pancoast tumaor, papiliary thyroid
cancer, paraganglioma, pinealoblastoma, pineocytoma, pituicytoma, phuitary adenoma,
pituitary tumor, plasmacytoma, polyembryoma, precursor T-lymphoblastic lymphoma, primary
central nervous system lymphoma, primary effusion lymphoma, primary peritoneal cancer,
prosiate cancer, pancreatic cancer, phasyngeal cancer, pseudomyxoma peritonel, renal cell
carcinoma, renal medullary carcinoma, retinoblastoma, rhabdomyoma, rhabdomyosarcoma,
Richter's transformation, rectal cancer, sarcoma, Schwannomatosis, seminoma, Sertoll cell
tumor, sex cord-gonadal stromal tumor, signet ring cell carcinoma, skin cancer, small blue
round cell tumors, small cell carcinoma, soft tissue sarcoma, somatostatinoma, soot warg,
spinal tumor, splenic marginal zone lymphoma, squamous cell carcinoma, synovial sarcoma,
Sezary's disease, small intestine cancer, squamous carcinoma, stomach cancer, festicular
cancer, thecoma, thyroid cancer, transitional cell carcinoma, throat cancer, urachal cancer,
urogenital cancer, urothelial carcinoma, uveal melanoma, ulerine cancer, verrucous carcinoma,
visual pathway glioma, vulvar cancer, vaginal cancer, Waldenstrom's macroglobulinemia,
Warthin's tumor, and Wilms' tumor,

{00016} BET inhibitors may be useful in the treatment of benign profiferative and fibrotic
disorders, including benign soft tissue tumors, bone tumors, brain and spinal tumaors, eyelid and
orbital tumors, granuloma, lipoma, meningioma, muitiple endocrine neoplasia, nasal polyps,
pituitary tumors, prolactinoma, pseudotumor cerebri, seborrheic keratoses, stomach polyps,
thyroid nodules, cystic neoplasms of the pancreas, hemangiomas, vocal cord nodules, polyps, and
cysts, Castleman disease, chronic pilonidal disease, dermatofibroma, pilar cyst, pyogenic
granuloma, juvenile polyposis syndrome, idiopathic pulmonary fibrosis, renal fibrosis, post-
operative stricture, keloid formation, scleroderma, and cardiac fibrosis.

[00017] Cardiovascular disease {CVD} is the leading cause of mortality and morbidity in
the United States [34]. Atherosclerosis, an underlying cause of CVD, Is a8 muitifactorial disease

characterized by dyslipidemia and inflammation. BET inhibitors are expected to be efficacious in

(¥4
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atherosclerasis and associated conditions because of aforementioned anti-inflarmmatory effects as
well as ability to increase transcription of ApoA-l, the major constituent of HDU {14, 351

[00018] Up-regulation of Apoa-iis considerad 1o be a useful strategy in treatment of
stherosclerosis and CVD [36]. BET inhibitors have been shown 1o increase ApoA-! transcription and
protein expression [11, 35], Resverlogix has also shown that BET inhibitors bind directly to BET
proteins and inhibit their binding to acetylated histones at the ApoA-1 promoter, suggesting the
presence of a BET protein repression compiex on the ApoA-1 promoter, which can be functionally
disrupted by BET inhibitors. it follows that, BET inhibitors may be useful in the treatment of
disorders of lipid matabolism via the regulation of ApoA-f and HDL such as hypercholesterclemia,
dysfipidernia, atheroscierosis [368], and Alzheimer’s disease and other neurological disorders (371

[00019]  BET inhibitors may be useful in the prevention and treatment of conditions
associated with ischemia-reperfusion injury such as, but not limited to, myocardial infarction,
stroke, acute coronary syndromes {8], renal reperfusion injury, organ transplantation, coronary
artery bypass grafting, cardio-pulmonary bypass procedures, hypertension, pulmonary, renal,
hepatic, gastro-intestinal, or peripheral limb embolism.

[60020] Ohesity-associated inflammation is a halimark of type It diabetes, insulin
resistance, and other metabolic disorders {8, 191, Consistent with the ability of BET inhibitors to
inhihit inflammation, gene disruption of Brd2 in mice abiates inflammation and protects animals
from obesity-induced insulin resistance [38]. 1t has been shown that Brd2 interacts with PPARy and
opposes its transcriptional function. Knockdown of Brd2 in vitro promotes transcription of PPARy-
regulated networks, including those controlling adipogenesis [39]. In addition Brd2 is highly
expressed in pancreatic B-cells and regulates profiferation and insulin transcription {38]. Taken
togethar, the combined effects of BET inhibitors on inflammation and metabolism decrease insulin
resistance and may be useful in the treatment of pre-diabetic and type 1l diabetic individuals as
weil as patients with other metabolic complications {8

[00021]  Host-encoded BET proteins have been shown to be important for transcriptional
activation and repression of viral promoters. Brdd interacts with the £2 proteln of human
papilioma virus {HPV) to enable E2 mediated transcription of E2-target genes [40]. Similarly, Brd2,
Brd3, and Brd4 all bind to latent nuclear antigen 1 (LANA1}, encoded by Kaposi's sarcoma-
associated herpes virus (KSHY), promoting LANAL-dependent proliferation of KSHV-infectad cells
[41]. A BET inhibitor has been shown to inhibit the Brdd-mediated recruitment of the transcription
elongation complex pTEFD to the Epstein-Barr virus {EBV) viral C promoter, suggesting therapeutic

value for ERV-associated malignancies [42]. Also, a BET inhibitor reactivated HIV in modais of latent



WO 2014/080290 PCT/IB2013/003122

T cell infection and latent monocyte infection, potentiaily allowing for viral eradication by
complementary anti-retroviral therapy [43-46].

000221 BET inhibitors may be useful in the prevention and treatment of episome-based
DINA viruses including, but not limited to, human papillomavirus, herpes virus, Epstein-Barr virus,
human immunodeficiency virus [8], adenovirus, poxvirus, hepatitis B virus, and hepatitis Cvirus.

[00023] Some central nervous system {CNS) diseases are characterized by disorders in
epigeneatic processes. Brd2 haplo-insufficiency has been linked to neuronal deficits and epilepsy
[47]. SNPs in various bromodomalin-containing proteins have also been linked to mental disorders
including schizophrenia and bipolar disorders [S]. In addition, the ability of BET inhibitors to
increase ApoA-i transcription may make BET inhibitors useful in Alzheimer's disease therapy
considering the suggested relationship between increased ApoA-l and Alzheimer’s disease and
other neurclogical disorders [371.

{00024] BRDT is the testis-specific member of the BET protein family which is essential
for chromatin remodeling during [48, 48]. Genetic depletion of BRDT or inhibition of BRDT
interaction with acetylated histones by a BET inhibitor resulted in a contraceptive effect in mice,
which was reversible when small molecule BET inhibitors were used [50, 51]. These data suggest
potential utility of BET inhibitors as a novel and efficacious approach to male contraception.

[00025] Monooyte chemotactic pmteén ~ 1 {MCP-1, CCL2} plays an important role in
cardiovascular disease [521. MCP-1, by its chemotactic activity, regulates recruitment of monocytes
from the arterial lumen to the subendothelial space, where they develop into macrophage foam
cells, and initiate the formation of fatty streaks which can develop into atherosclerotic plaque [53].
The critical role of MCP-1 (and its cognate receptor CCR2} in the development of atherosclerosis
has been examined in various transgenic and knockout mouse models on a hyperlipidemic
background [54-57]. These reports demonstrate that abrogation of MCP-1 signaling results in
decreased macrophage infiliration to the arterial wall and decreased atherosclerotic lesion
development.

[00026] The association between MCP-1 and cardiovascular disease in humans is well-
establishad [52]. MCP-1 and its receptor are overexpressed by endothelial cells, smooth muscle
cells, and infiltrating monocytes/macrophagas in human atherosclerotic plaque 158]. Moreover,
elevated circulating levels of MCP-1 are positively correlated with most cardiovascular risk factors,
measures of coronary atherosclerosis burdan, and the incidence of coronary heart disease (CHD)
[59]. CHD patients with among the highest levels of MCP-1 are those with acute coronary

syndrome {ACS} [60]. In addition to plaving a role in the underlying inflammation associated with
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CHD, MCP-1 has been shown to be involved in plaque rupture, ischemic/reperfusion injury,
restenaosis, and heart transplant rejection [52].

(000271 MCP-1 also promotes tissue inflammation associated with autoimmune diseases
including rheumatoid arthritis {RA} and multiple sclerosis {MS}. MCP-1 plays 2 role in the infiltration
of macrophages and lymphocytes into the joint in RA, and is overexpressed in the synovial fluid of
RA patients {61]. Blockade of MCP-1 and MCP-1 signaling in animal models of RA have also shown
the importance of MCP-1 to macrophage accumulation and proinflammmatory cytokine expression
associated with RA [62-65].

[00028] Overexpression of MCP-1, in the brain, cerebrospinal fluid {CSF), and blood, has
also been associated with chronic and acute MS in humans [66]. MCP-1 is overexpressed by a
variety of cell types in the brain during disease progression and contributes to the infiltration of
macrophages and lymphocytes which mediate the tissue damage associated with MS [66]. Genetic
depletion of MCP-1 or CCR2 in the experimental autoimmune encephalomyelitis (EAE) mouse
model, a model resembling human MS, results in resistance to disease, primarily because of
decreased macrophage infiltration to the CNS {67, 68].

[00028] Preclinical data have suggested that small- and large-molecule inhibitors of MCP-

1 and CCR2 have potential as therapeutic agents in inflammatory and autoimmune indications.

[00030]  The present disclosure includes compounds that are useful for inhibition of BET
protein function by binding to bromodomains, and their use in the treatment and prevention of
diseases and conditions, including, but not limited to, cancer, autoimimune, and cardiovascular
dissases.

[00031] The first aspect of the present disclosure includes compounds of Formuda f and
methods of administering a therapeutically effective amount of those compounds to a mammal

{e.g., a human} in need therech

" Formula |
or a sterenisomer, tautomer, pharmaceutical acceptable salt, or hydrate thereof,

wherein:
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W, is selected from N and CRy;

W, is selected from N and CRy;

Wy is selected from N and CRy;

W, is selected from N and CRy;

each W may be the same or different from each other;

A is selected from N and CH;

R, Ra, Ry, and R, are each independently selected from hydrogen, alkyl, alkenyl, alkynyl,
alkoxy, thicalkyl, aryloxy, aryl, amino, hydroxyl, and halogen;

two adjacent substituents selected from Ry, Ry, Ry, and R, may be connected in a 5- or 6-
mernbered ring to form a bicyclic carbocycle or bicyclic heterooycle;

AR1 is a group selected from the following:
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each ring systern may be substituted with one or more substituents independently
selected from Ryp and Ry

Rs is selected from hydrogen, atkoxy, alkyl, thioalkyl, aryloxy, aryl, hydroxyl, and halogen;

3
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Re is selected from hydrogen, alkoxy, alkyl, thioalkyl, aryloxy, aryl, and halogen;

R, is.seiected from hydrogen, alkyl, -SO2Ry;, -C{OINR;R., -C{O)Ry;

Rg and Ry are independently selected from hydrogen, aryl, atkeny, alkyl, -50,Ry, -
C{OINRR,3, -C{ONRy;

R and Ry; are independently selected from hydrogen, halogen, alkyl, alkoxy, aryl, and
hydroxyl;

Ry; and Ry are independently selected from hydrogen, aryl, and alky};

Y is selected from NH, 0, and &; and

two adjacent substituents selected from R, Rs, Ry, R, Ryg, and Ry, may be connected ina 5-
or 6- membered ring to form a carbocycle or heterocycle.

100032]  in another aspect of the present disclosure, there is provided a pharmaceuticat
compaosition comprising a compound of Formula |, or a pharmaceutically acceptable sait thereof
and one or more pharmaceutically acceptable carriers, diluents or excipients,

[00033] In vet another aspect of the present disclosure there is provided a compound of
Formula |, or a pharmaceutically acceptable salt thereof for use in therapy, in particular in the
treatment of diseases or conditions for which a bromodomain inhibitor is indicated.

[00034] In yet another aspect of the present disclosure there is provided a compound of
Formula |, or a pharmaceutically acceptable salt thereof in the manufacture of a medicament for

the treatment of diseases or conditions for which a bromodomain inhibitor is indicated.

DEFINITIONS

[00035]  As used in the present specification, the following words, phrases and symbols
are generally intended to have the meanings as set forth below, except to the extent that the
context in which they are used indicates otherwise. The following abbreviations and terms have
the indicated meanings throughout:

{00036] As used herein, “cardiovascular disease” refers to diseases, disorders and
conditions of the heart and circulatory system that are mediated by BET inhibition. Exemplary
cardiovascular diseases, including cholesterol- or lipid-related disorders, include, but are not
limited to, acute coronary syndrome, angina, arteriosclerosis, atherosclerosis, carotid
atherosclerosis, cerebrovascular disease, cerebral infarction, congestive heart failure, congenital
heart disease, coronary heart disease, coronary artery disease, coronary plagque stabilization,
dyslipidemias, dyslipoproteinemias, endothelium dysfunctions, familial hypercholesterolemia,

familial combined hyperlipidemia, hypoalphalipoproteinemia, hypertriglyceridemia,

10
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hyperbetalipoproteinemia, hypercholesterolemia, hypertension, hyperlipidemia, intermittent
claudication, ischemia, ischemia reperfusion injury, ischemic heart diseases, cardiac ischemia,
metabolic syndrome, multi-infarct dementia, myocardial infarction, obesity, peripheral vascular
disease, reperfusion injury, restenosis, renal artery atherosclerosis, rheumatic heart disease,
stroke, thrombotic disorder, transitory ischemic attacks, and lipoprotein abnormalities associated
with Alzheimer’s disease, obesity, diabetes mellitus, syndrome X, impotence, multiple sclerosis,
Parkinson’s disease, and inflammatory diseases.

[00037]  As used herein, “inflammatory diseases” refers to diseases, disorders, and
conditions that are mediated by BET inhibition. Exemplary inflammatory diseases, include, but are
not limited to, arthritis, asthma, dermatitis, psoriasis, cystic fibrosis, post transplantation fate and
chronic solid organ rejection, multiple sclerasis, systemic lupus erythematosus, inflammatory
bowel diseases, autoimmune diabetes, diabetic retinopathy, diabetic nephropathy, diabetic
vasculopathy, ocular inflammation, uveitis, rhinitis, ischemia-reperfusion injury, post-angioplasty
restenosis, chronic obstructive pulmonary disease {COPD), glomerulonephritis, Graves disease,
gastrointastinal allergies, conjunctivitis, atherosclerosis, coronary artery disease, angina, and smail
artery disease,

[00038] As used herein, “cancer” refers to diseases, disorders, and conditions that are
mediated by BET inhibition. Exemplary cancers, include, but are not limited to, chronic
lymphocytic leukemia and multiple myeloma, follicular lyrphoma, diffuse large B cell lymphoma
with germinal center phenotype, Burkitt’s lymphorna, Hodgkin's lymphoma, follicular lymphomas
and activated, anaplastic large cell lymphoma, neuroblastoma and primary neuroectodermal
tumor, rhabdomyosarcoma, prostate cancer, breast cancer, NMC (NUT-midline carcinomal, acute
myelaid leukemia {AML), acute B lymphoisastic leukernia {B-ALL}, Burkitt's Lymphoma, B-cell
fymphoma, melanoma, mixed lineage leukemia, multiple myeloma, pro-myelocytic leukemia
{PML), non-Hodgkin's lymphoma, neuroblastoma, medulioblastoma, lung carcinoma (N3CLC, 5CLC),
and colon carcinoma.

100038]  “Subject” refers to an animal, such as a mammal, that has been or will be the
object of treatment, observation, or experiment. The methods described herein may be useful for
both human therapy and veterinary applications. In one embodiment, the subject is a human.

[G0040]  As used herein, "treatment” or "treating” refers to an amelioration of a disease
or disorder, or at least one discernible symptom thereof. In another embodiment, "treatment” or
"treating" refers to an amelioration of at least one measurable physical parameter, not necessarily
discernible by the patient. in yet another embodiment, "treatment” or "treating” refers to

inhibiting the progression of a disease or disorder, either physically, e.g., stabilization of
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discernible symptom, physiologically, e.g., stabilization of a physical parameter, or both. Inyet
another embodiment, "treatment” or "treating” refers to delaying the onset of 3 disease or
disorder. For example, treating a cholestero! disorder may comprise decreasing blood cholesterol
lavels.

000431 As used herein, "prevention” or "preventing” refers to a reduction of the risk of
acquiring a given disease or disorder.

000421 A dash {*-"} that is not between two letters or symbols is used to indicate a point
of attachment for a substituent. For example, -CONH,; is attached through the carbon atom,

[000431 By “optional” or “optionally” is meant that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where the event
or circumstance occurs and instances i which is does not. For example, “optionally substituted
aryl” encompasses both “aryl” and “substituted aryl” as defined below. It will be understood by
those skilled in the art, with respect to any group containing one or more substituents, that such
groups are not intended to introduce any substitution or substitution patterns that are sterically
impractical, synthetically non-feasible and/or inherently unstable.

[00044]  As used herein, the term “hydrate” refers to a crystal form with either a
staichiometric or non-stoichiometric amount of water is incorporated into the crystal structure,

(000451 The term “alkenyl” as used herein refers to an unsaturated straight or branched
hvdrocarbon having at least one carbon-carbon double bond, such as a straight or branched group
of 2-8 carbon atoms, referred to herein as {Co.Colalkenyl Exemplary alkeny! groups include, but are
not limited to, vinyl, aliyl, butenyl, pentenyl, hexenyl, butadienyl, pentadienyl, hexadienyl, 2-
ethythexenyl, 2-propyl-2-butenyl, and 4-{2-methyl-3-butene}-pentanyl.

[00046]  The term “alkoxy” as used herein refars to an alkyl group attached 1o an oxygen
{-O-atkyl-}. “Alkoxy” groups also include an alkeny! group attached to an oxygen {"alkenylomy™} or
an alkynyl group attached to an oxygen {"atkynyloxy”} groups. Exemplary alkoxy groups include,
but are not Hmited to, groups with an alkyl, alkenyl or alkynyi group of 1-8 carbon atoms, referred
to hersin as (€, Cglatkoxy. Exemplary aikoxy groups include, but are not limited to methoxy and
ethoxy.

[00047] The term “aliyl” as used herein refers to a saturated straight or branchad
hydrocarbon, such as a straight or branched group of 1-B carbon atoms, referred to herein as {Cy.
Calalkyl. Exemplary alkyl groups include, but are not limited to, methyl, ethyl, propyl, isopropyl, 2-
methyl-1-propyl, 2-methyl-2-propyl, 2-methyl-1-butyl, 3-methyl-1-butyl, 2-methyi-3-butyl, 2,2-

dimethyl-1-propyl, 2-methyl-1-pentyl, 3-methyl-1-pantyl, 4-methyl-1-pentyl, 2-methyl-2-pentyl, 3-
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methyl-2-pentyl, 4-methyl-2-pentyl, 2,2-dimethyl-1-butyl, 3,3-dimethyl-1-butyl, 2-ethyl-1-butyl,
butyl, isobutyl, --butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl, and octyl.

[00048] The term “atkynyl” as used herein refers to an unsaturated straight or branched
hydrocarbon having at least one carbon-carbon triple bond, such as a straight or branched group of
2-8 carhon atoms, referred to herein as {C.Glalkynyl. Exemplary alkynyl groups include, but are
not limited to, ethynyl, propynyl, butynyl, pentynyl, hexynyl, methylpropynyl, 4-methyl-1-butynyl,
4-propyk-2-pantynyl, and 4-butyl-2-hexynyl.

[00048] The term “amide” as used herein refers to the form -NR,C{O}Ry}- or
-C{OINALR,, wherein Ry, Ry and Re are each independently selected from alkyl, atkenyl, atkynyl,

aryl, aryialkyl, cycloalkyl, haloalkyl, heteroaryl, heterocyelyl, and hydrogen. The amide can be

attached to ancther group through the carbon, the nitrogen, Ry, or R, The amide also may be
cyclic, for example Ry, and Re, may be joined to form a 3- to 8-membered ring, such as 5- or 6-

memberad ring. The term “amide” encompasses groups such as sulfonamide, urea, ureido,
carbamate, carbamic acid, and cyclic versions thereof. The term “amide” also encompasses an
amide group attached to a carboxy group, e.g., -amide-COOH or salts such as -amide-COONa, an
amino group attached to a carboxy group {e.g., -amino-COOH or salts such as -amino-COONa}.

[00050] The term “amine” or “amino” as used herein refers to the form -NRgRz or
-N{R4)Re-, where Ry and R, are independently selected from alkyl, alkenyl, atkynyl, aryl, aryialkyl,

carbamate, cycloaliyl, haloalkyl, heteroaryl, heterocyclyl, and hydrogen. The amino can be
attached to the parent molecular group through the nitrogen. The amino also may be cyclic, for

example any two of Ry and Ry may be joined together or with the N to form a 3-to 12-membered

ring {e.g., morpholing or piperidinyl). The term amino also includes the corresponding quaternary

ammonium salt of any amino group. Exemplary amino groups include atkylamine groups, wherein

at least one of Ry or Re is an alkyl group. In some embodiments Rd and Re each may he optionally
substituted with hydroxyl, halogen, alkoxy, ester, or aming.

[00051] The term “aryl” as used herein refers to a mono-, bi-, or other multi-carbocyclic,
aromatic ring system. The aryl group can optionally be fused to one or more rings selected from
aryls, cycloalkyls, and heterocyciyls. The aryl groups of this present disclosure can be substituted
with groups selected from alkoxy, aryloxy, alkyl, alkenyl, alkynyl, amide, amino, aryl, aryvlalkyl,
carbamate, carboxy, cyano, cycloalkyl, ester, ether, formyl, halogen, haloaltkyl, hetercaryl,
heterocyclyl, hydroxyl, ketone, nitro, phosphate, sulfide, sulfinyl, sulfonyl, sulfonic acid,
sulfonamide, and thioketone. Exemplary aryl groups include, but are not limited to, phenyl, tolyl,

anthracenyl, fluorenyl, indenyl, azulenyl, and naphthyl, as weil as benzo-fused carbocyclic moieties

13
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such as 5,6,7,8-tetrahydronaphthyl. Exemplary aryl groups also include, but are not imited to a
monooyclic aroratic ring system, wherein the ring comprises 6 carbon atoms, referred to herein as
"{Cslaryl”

[00052]  The term “arylalkyl” as used herein refers to an alkyl group having atieast one
aryl substituent {e.g., -aryl-alkyl-). Exemplary arylaikyl groups include, but are not fimited to,
arylalkyls having a monocyclic aromatic ring systern, wherein the ring comprises 6 carbon atoms,
referred to herain as "{Colarylalkyl”

{00053] The term “carbamate” as used herein refers to the form -RgOC{Q}N(Rh}-;
-RgGC(O}N(Rh}R;—, or -OC{QINRyR;, wherein Ry Ry and R; are each independently selected from
atkyl, alkeryl, aliyrwl, aryi, arylaikyl, cycloalkyl, haloalkyl, heteroaryl, heterocyclyl, and hydrogen.
Exemplary carbamates include, but are not limited to, arylcarbamates or heteroaryl carbarmates
{e.g., wherein at least one of Rg Ry and Ry are independently selected from aryl or heteroaryl, such
as pyridine, pyridazing, pyrimidineg, and pyrazine},

[00054]  The term “carboxy” as used herein refers to -COOH or its corresponding
carboxylate salts {e.g., -COUNa). The term carboxy aiso includes “carboxycarbonyl,” e.g. a carboxy
group attached to a carbonyl group, e.g., -C{O}-COOH or salts, such as -C{O}-COONa.

{00055]  The term “cyanc” as used herein refers to -CN.

[00058] The term “cycloalkoxy” as used herein refers to a cycloalkyl group attached to an
oxygen.

[00057) The term “cycloaliyl” as used herein refers to a saturated or unsaturated oyclic,
bicyclic, or bridged bicyclic hydrocarbon group of 3-12 carbons, or 3-8 carbons, referved 1o herein
as "{Cy-Caloycloalieyl,” derived from a cycloatkane. Exemplary cycloalkyl groups include, but are not
limited to, cyclohexanes, cyciohexenes, cyclopentanes, and cyclopentenes. Cycloalkyl groups may
be substituted with alkoxy, arvioxy, alkyl, atkenyi, athynyl, amide, amina, aryl, arylaikyl, carbamate,
carboxy, cyano, cycloalieyl, ester, ether, formyl, halogen, haloalkyl, heteroaryl, heterooychd,
hvdroxyl, ketone, nitro, phosphate, suffide, sulfiny, sulfonyl, sulfonic acid, sulfonamide and
thioketone. Cycloalkyl groups can be fused to other cycloalkyl saturated or unsaturated, aryl, or
heterocyclyl groups.

[00058] The term “dicarboxylic acid” as used herein refers to a group containing at least
two carboxylic acid groups such as saturated and unsaturated hydrocarbon dicarboxylic acids and
salts thereof. Exemplary dicarboxylic acids include alky! dicarboxylic acids. Dicarboxylic acids may
be substituted with alkoxy, arvioxy, alkyl, alkenyl, alkynyl, amide, amino, aryl, arylaikyl, carbamats,
carboxy, cyano, cycloalkyl, ester, ether, formyl, halogen, haloalkyl, heteroaryl, heterocyclyl,

hydrogen, hydroxyl, ketone, nitro, phosphate, sulfide, sulfinyl, sulfonyl, sulfonic acid, sulfonamide
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and thiokstona. Dicarboxylic acids include, but are not limited to succinic acid, glutaric acid, adipic
acid, suberic acid, sebacic acid, azelaic acid, maleic acid, phthalic acid, aspartic acid, ghutamic acid,
malonic acid, fumaric acid, {(+}/{-}-malic acid, {+)/{-) tartaric acid, isophthalic acid, and terephthalic
acid. Dicarboxylic acids further include carboxylic acid derivatives thereof, such as anhydrides,
imides, hydrazides {for example, succinic anhydride and succinimide).

[00059]  The term “ester” refers 1o the structure -C{O}0-, -C(O}O--Rj-_., --Rk(l(()}&ﬁj,, or
R C{0)0-, where O is not bound to hydrogen, and Rj and Ry can independently be selected from

alkoxy, aryioxy, atkyl, atkenyl, alkynyl, amide, aming, aryl, arylalkyl, cycloalkyl, ether, haloalkyl,

neteroaryl, and heterocychyl. Ry can be a hydrogen, but Ry cannot be hydrogen, The aster may be
cyclic, for example the carbon atom and Ry, the oxygen atom and Ry, or R; and Ry may be joined to

form a 3- {o 12-membered ring. Exernplary esters include, but are not limited to, alkyl esters
wherein at feast one of Rj or Rk is atkyl, such as -0-C{Q}-alkyl, -C{0}-0-alkyl-, and -alkyl-C{0}-0-
atkyl-. Exemplary esters also include aryl or heteoraryl esters, e.g. wherein at least one of Rj or Rk is
a heteroary! group such as pyridine, pyridazine, pyrimidine and pyrazing, such as a nicotinate estar,
Exemplary esters also include reverse esters having the structure -Ri C{O)Q-, where the oxygen is
bound to the parent molecule. Exemplary reverse esters include succinate, D-argininate, L-
argininate, L-lysinate and D-lysinate. Esters also includs carboxylic acid anhydrides and acid halides,

{000681  The terms “hale” or “halogen” or “Hal” as used hereinreferto F, C, Br, or b,

[00061] The term “haloaikyl” as used herein refers to an alkyl group substituted with one
or more halogen atoms. “Haloalkyis” also encompass alkenyl or alkynyl groups substituted with
ane or more halogen atoms,

{00062] The term “heteroaryl” as used herein refers to a mono-, bi-, or multi-oyelic,
aromatic ring system containing one or more heteroatoms, for example 1-3 heteroatoms, such as
nitrogen, oxygen, and sulfur. Hetercaryls can be substituted with one or more substituents
inciuding alkoxy, aryloxy, alkyl, atkenyl, alkynyl, amide, amino, aryl, arylalkyl, carbamate, carboxy,
cyano, cycloalkyl, ester, ether, formyl, halogen, haloalkyl, heteroaryl, heterocyelyl, hydroxyl,
ketone, nitro, phosphate, sulfide, sulfinyl, sulfonyl, sulfonic acid, sulfonamide and thicketone.
Heteroaryls can also be fused to non-aromatic rings. HHustrative examples of hetercaryl groups
include, but are not limited to, pyridinyl, pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl,
imidazolyl, {1,2,3)- and (1,2,4)-triazolyl, pyrazinyl, pyrimidilyl, tetrazolyl, furyl, thienyl, isoxazolyi,
thiazolyl, furyl, phenyl, isoxazolyl, and oxazolyl. Exernplary heteroaryi groups include, but are not
fimited to, a monocyclic aromatic ring, wherein the ring comprises 2-5 carbon atoms and 1-3

heteroatoms, referred to herein as "{C-Cotheteroaryl”
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[00063] The terms “heterocycle,” “heterocyclyl,” or "heterocyclic” as used herein refer to
a saturated or unsaturatad 3-, 4-, 5-, 6- or 7-membered ring containing one, two, or three
hetersatoms independently selectad from nitrogen, oxygen, and sulfur. Heterocycles can be
aromatic (heteroaryls) or non-aromatic. Heterocycles can be substituted with one or more
substituents including alkexy, aryloxy, alkyl, aikenyi, alkynyl, amide, amino, aryi, arylalkyl,
carbamate, carboxy, cyane, cycloalkyl, ester, ether, formyl, halogen, halealkyl, heteroaryl,
heterocyciyl, hydroxyl, ketone, nitro, phosphate, sulfide, sulfinyl, sulfenyl, sulfonic acid,
sufonamide and thioketone. Heterocycles also include bicyclic, tricyclic, and tetracyciic groups in
which any of the above heterocyclic rings is fused 1o one or two rings independently selected from
aryls, cycloalkyls, and heterocycles. Exemplary hetarocycles include acridinyd, benzimidazolyl,
benzafuryl, benzothiazolyl, benzothienyl, benzoxazolyl, biotinyl, cinnolinyl, dihydrofury,
dihydroindolyl, dinydropyranyl, dihydrothienyl, dithiazolyl, furyl, homopiperidinyl, imidazolidiny,
imidazolinyl, imidazolyl, indolyl, isoguinelyl, isothiazolidinyl, isothiazolyl, isoxazolidinyl, isoxazolyl,
morpholinyl, oxadiazolyl, oxazolidinyl, oxazolyl, piperazinyl, piperidinyl, pyranyi, pyrazolidiny,
pyrazinyl, pyrazolyl, pyrazoliny, pyridazinyl, pyridyl, pyrimidinyl, pyrimidyl, pyrroliding, pyrrolidin-
2-onvl, pyrrotinyl, pyrrolyl, guinolinyl, quinoxaloyl, tetrahydrofuryl, tetrahydroisoquinolyl,
tetrahydropyranyl, tetrahydroguinolyl, tetrazolyl, thiadliazoiyi, thigzolidiny, thiazolyl, thienyl,
thiomorpholinyi, thiopyranyl, and triazolyl.

[00064] The terms “hydroxy” and “hydroxyl” as used herein refers to -OH.

{00065] The term “hydroxyalky!” as used herein refers to a hydroxy attached to an alkyl
EYOup.

[00066] The term “hydroxyaryl” as used herein refers to a hydroxy attached to an aryl
Eroup.

[00067] The term “ketone” as used herein refers to the structure -C{O}-Rn {such as
acetyl, -C{O)CHs) or -R,,_.C{O}-R,,.. The ketone can be attached to another group through Ry or Ry,
Ry or Ry can be alkyl, alkenyl, aliynyl, cycloalkyl, heterocyclyl or aryl, or Ry, or Ry can be joined 1o
form a 3- to 12-membered ring.

[00068] The term “monoester” as used herein refers to an analogue of a dicarboxylic acid
wherein one of the carboxylic acids is functionalized as an ester and the other carboxylic acidis a
free carboxylic acid or salt of a carboxylic acid. Examples of monoesters include, but are not limited
to, to monoesters of succinic acid, glutaric acid, adipic acid, suberic acid, sebacic acid, azelaic acid,
oxalic and maleic acid.

{00068] The term “phenyl” as used herein refers 1o a 6-membered carbocyclic aromatic

ring. The phenyl group can also be fused to a cyclohexane or cyclopentane ring. Phenyl can be
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substituted with one or more substituents including alkoxy, aryloxy, alkyl, alkenyi, alkynyl, amide,
amino, aryl, arylatkyl, carbamate, carboxy, cyano, cycloalkyl, ester, ether, formyl, halogen,
haloalkyl, heteroaryl, heterocyclyl, hydroxyl, ketone, nitro, phosphate, sulfide, suifinyi, sulfonyl,
sulfonic acid, sulfonamide and thioketone.

{00070} The term “thioalkyl” as used herein refers to an alkyl group attached to a sulfur
{-S-alkyl-}.

00071]  “Allyl,” “alkenyl,” “alkynyl”, “alkoxy”, “amino” and “amide” groups can be
optionally substituted with or interrupted by or branched with at least one group selacted from
alkoxy, aryloxy, atkyl, alkenyl, alkynyl, amide, amino, aryi, arylalkyi, carbamate, carbonyl, carboxy,
cyano, cycloalkyl, ester, ether, formyl, halogen, haloalkyl, heteroaryl, heterocyclyi, hydroxyi,
ketone, nitro, phosphate, sulfide, sulfinyl, sulfonyl, sulfonic acid, sulfonamide, thioketone, ureido
and N. The substituents may be branched to form a substituted or unsubstituted heterocycle or
cycloalkyl.

[00072] As used herein, 3 "suitable substituent” refers 1o a group that does not nullify
the synthetic or pharmaceutical utility of the compounds of the present disclosure or the
intermediates useful for preparing thern. Examples of suitable substituents include, but are not
limited to: Cug allkyl, alkenyl or alkynyl; Cpg arvl, G heteroaryl; G cycloalkyl; Cy g alkoxry; Ce
aryloxy; -CN; -OH; oxo; halo, carboxy; amino, such as -NH(Cyg alkyl}, -N{Cyg alkyl), -NH{{Cclarvl), or
-N{{Celarylly; formyl; ketones, such as -CO{C¢ alkyl), -CO{Cs aryh) esters, such as -C0,{Cy5 atkyl} and
-C0O, (Csaryl). One of skill in art can readily choose a suitable substituent based on the stability and
pharmacological and synthetic activity of the compound of the present disclosure.

{00073] The term “pharmaceuticaily acceptable carrier” as used herein refers to any and
all solvents, dispersion media, coatings, isotonic and absorption delaying agents, and the like, that
are compatibie with pharmaceutical administration. The use of such media and agents for
oharmaceutically active substances is welf knowr in the art. The compositions ray also contain
other active compounds providing supplemental, additional, or enhanced therapeutic functions.

[G0074]  The term “pharmaceutically acceptable composition” as used herein refersto a
composition comprising at least one compound as disclosed herein formulated together with one
or more pharmaceutically acceptable carriers.

[00075] The term “pharmaceutically acceptable prodrugs” as used herein represents
those prodrugs of the compounds of the present disclosure that are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of humans and lower animals
without undue toxicity, irritation, allergic response, commensurate with a reasonable benefit / risk

ratio, and effective for their intended use, as well as the rwitterionic forms, where possible, of the
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compounds of the present disclosure. A discussion is provided in Higuchi et of., “Prodrugs as Novel
Delivery Systems,” ACS Symposium Series, Vol. 14, and in Roche, £.8B., ed. Bioreversible Carriers in
Drug Design, American Pharmaceutical Association and Pergamon Press, 1987, both of which are
incorporated herein by reference.

[00076] The term “pharmaceuticaily acceptable salt{s}” refers to salts of acidic or basic
groups that may be present in compounds used in the present compositions. Compounds included
in the present compositions that are basic in nature are capable of forming a wide variety of salis
with various inorganic and organic acids. The acids that may be used to prepare pharmaceutically
acceptable acid addition salts of such basic compounds are those that form non-toxic acid addition
salts, i.e., salts containing pharmacologically acceptable anions, including but not limited to sulfate,
citrate, matate, acetate, oxalate, chioride, bromide, lodide, nitrate, sulfate, bisulfate, phosphate,
acid phosphate, isonicotinate, acetate, lactate, salicylate, citrate, tartrate, oleate, tannate,
pantothenate, bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate, gluconate,
glucaronate, saccharate, formate, benzoate, glutamate, methanesulfonate, ethanesulfonate,
benzenesulfonate, p-toluenesulfonate and pamoate {Le., 1,1 -methylene-bis-{2-hydroxy-3-
naphthoate)} salts. Compounds included in the present compositions that include an amino moiety
may form pharmaceutically acceptable salts with various amine acids, in addition 1o the acids
mentioned above. Compaunds included in the present compositions, that are acidic in nature are
capable of forming base salts with various pharmacologically acceptable cations. Examples of such
salts include alkali metal or alkaline earth metal salts and, particularly, calcium, magnesium,
sodium, lithium, zing, potassium, and iron salts.

[00077]  The compounds of the disclosure may contain one or more chiral centers and/or
double bonds and, therefore, axist as stergoisomers, such as geometric lsomers, enantiomers or
diastereomers. The term “sterecisomers” when used herein consist of all geometric isomers,
enantiomers or diastereomers. These compounds may be designated by the symbols “R” or “5.7
depending on the configuration of substituents around the stereogenic carbon atom. The present
disclosure encompasses various stereoisomers of these compounds and mixtures thereof,
Sterenisomers include enantiomers and diastersomers. Mbdures of enantiomers or diastereomers
may be designated “{£}” in nomenclature, but the skilled artisan will recognize that a structure may
denote a chiral center implicitly,

[00078]  individual stereoisomers of compounds of the present disclosure can be
prepared synthetically from commercially available starting materials that contain asymmetric or
stereogenic centers, or by preparation of racemic mixtures followed by resolution methods well

known to those of ordinary skill in the art. These methods of resolution are exemplified by {1}
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attachment of a mixture of enantiomers to a chiral auxiliary, separation of the resulting mixture of
diastereomers by recrystallization or chromatography and liberation of the optically pure product
from the auxiliary, {2} salt formation employing an optically active resolving agent, or {3} direct
separation of the mixture of optical enantiomers on chiral chromatographic columns.
Sterenisomeric mixtures can also be resolved into their component sterecisomers by well-known
methods, such as chiral-phase gas chromatography, chiral-phase high performance liquid
chromatography, crystallizing the compound as a chiral salt complex, or crystallizing the compound
in a chiral solvent. Sterecisomers can also be obtained from stereomerically-pure intermediates,
reagents, and catalysts by well-known asymimetric synthetic methods.

1000791 Geometric isorners can also exist in the compounds of the present disclosure.
The present disclosure encompasses the various geometric isomers and mixtures thereof resuiting
from the arrangement of substituents around a carbon-carbon double bond or arrangement of
substituents around a carbocyclic ring. Substituents around a carbon-carbon double bond are
designated as being in the “Z” or “£” configuration wherein the terms “Z” and “£” are used in
accordance with [UPAC standards, Unless otherwise specifiad, structures depicting double bonds
encompass both the £ and Z isomers.

[00080] Substituents around 3 carbon-carbon double bond slternatively can be referred
to as “cis” or “trans,” where “cis” represents substituents on the same side of the double bond and
“trans” rapresents substituents on opposite sides of the double bond. The arrangements of
substituents around a carbocyclic ring are designated as "cis” or “trans.” The term “cis” represents
substituents on the same side of the plane of the ring and the term "trans” represents substituents
on opposite sides of the plane of the ring. Mixtures of compounds wherein the substituents are

disposed on both the same and opposite sides of plane of the ring are designated "cis/trans.”

[00081] The compounds disclosed herein may exist as tautomaers and both tautomeric
forms are intended to be encompassed by the scope of the present disclosure, even though only
one tautomeric structure is depicted. For example, any claim to compound A below is understood

to include tautomeric structure B, and vice versa, as well as mixtures thereof.
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EXEMPLARY EMBODIMENTS

{00082} One embodiment of the invention provides a compound of Formula b
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or a steresisomer, tautomer, pharmaceutical accepiable salt, or hydrate thereof,
wheraein:

W, is selected from N and CRy;

W, is selected from N and CRy;

W is selected from N and CRy;

W, is selected from N and CRy;

egch W may be the same or differant from each other;

A is selected from N and CH;

R,, Ry, Rs, and R, are each independently selected from hydrogen, alkyl, alkenyl, alkynyl,
atkoxy, thioalkyl, aryloxy, amino, aryl, hydroxyl, and halogen, with the proviso that at least one of
Ry-R, is not hivdrogen;

two adjacent substituents selected from Ry, Ry, Ry, and Ry may be connected ina 5- 01 &-
membered ring to form a bicyelic carbogycle or bicyclic heterocycele;

AR1is a group selected from the foilowing:
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each ring system may be substituted with one or more substituents independantly

selected from Ry and Ry
R is selected from hydrogen, alkoxy, alkyl, thioalkyl, aryloxy, aryl, hydroxyl, and halogen;

Ry is selected from hydrogen, atkoxy, alkyl, thioalkyl, arvioxy, aryl, and halogen, with the

proviso that if Ry = hydrogen, then R, is not —Niay;
R, is selected from hydrogen, alkyl, -SO,R;, -C{OINR ;R 3, -C{O}R

R; and Rq are independently selected from hydrogen, aryl, alkenyl, alkyl, -S0;Ry,, -

CIOINRR,, -C{ORy;
R, and Ry, are independently selectad from hydrogen, halogen, alkyl, alkoxy, aryl, and

hydroxyl;
R, and Ry; arve independently selected from hydrogen, aryl, and atkyl;

Y is selected from NH, O, and §; and
two adjacent substituents selected from Rs, Re, Ry, Re, Ryg, and Ryy may be connected ina 5-

or 6- membered ring to form a carbocycie or heterocycle.
in some embodiments, Ry, Ry, Rs, and Ry are independently selected from

{00083}
hydrogen, alkyl {such as methyl and ethyl}, atkoxy {such as methoxy and ethoxy), halogen {such as

fluoride}, and amino.

3
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{00084}  In some embodiments, Ry, Ry, Ry, and R, are each independently selected from
atkyl, alkooty, or thicalkyl, each of which may be optionally substituted with hydroxyl, amino,
halogen, or ester.

[000851 In some embodiments, Ry, Ry, Ry, and Ry are each independently selected from
alkenyl or alkynyl, each of which may be optionally substituted with halogen.

{00086] In some embodiments, Ry, Ry, Ry, and R, are each independently selected from
aryl or aryloxy, each of which may be optionally substituted with halogen, alkoxy, or amino.

{00087]  In certain embodiments, Ry and R in the compound of Formula | are
independently selected from alkoxy {such as methoxy), halogen {such as fluoride}, and amino {such
as a substituted piperazine}.

{000B8] In other embodiments, R, and R; are independently selected from alkoxy.

[00088]  in an exemplary compound of Formula |, Ry and Ry are methoxy and R; and R, are
hydrogen.

[00090]  In some embodiments Ry is selected from hydrogen, alkyl {such as mathyl, ethyl,
aropyl, and isopropyh), alkoxy {such as methoxy, ethoxy, propoxy, and isopropoxy, -OCF;), halogen
{such as fluoride and chloride).

[00091]  In some embodiments R is selected from alkoxy, alkyl, or thicalkyl, each of
which may be optionally substituted with halogen, atkoxy, or hydroxyl.

{00092] some embodiments Ry is selected from aryl or aryloxy, each of which may be
optionally substituted with halogen or alkoxy.

[00093]  In other embodiments Ry in compounds of Formula | is selected from hydrogen,
methaxy, ethoxy, -OCF,, fluoride, chioride, methyl, and ethyl.

(000841 In exemplary embodiments Rg in the compound of Formula s selected from hydrogen and
alkoxy.

[00095]  in other embodiments Rg is selected from hydrogen, methoxy, ethoxy, or alkoxy
optionally substituted with a hydroxyl or amino.

[00086]  in some embodiments Ry is selected from alkyl, alkoxy, or thicalkyl, each of
which may be optionally substituted with halogen, amino, hydroxyi, or alkoxy.

{00087] some embodiments Rg is selected from aryl or aryloxy, each of which may be

optionally substitutad with halogen, alkoxy, or amino.

JON

1000981 In cerfain embodiments Re is selected from hydrogen, methoxy, & 77,
H TNy )
RS ~ \\\ - N N ! \\ y ‘;"‘ \1?\““1
3 ) O - h {3 O

[00099] In some embodiments Y is N.
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{000105] In some embodiments, Bis
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[000106] In some embodiments R; in the compounds of Formula s selected from
hydrogen and alkyl.

[000107] in some embodiments R, is alkyl optionally substituted with halogen, alkoxy, or
aming.

[000108] in exemplary compounds of Formula |, Ry and R, are independently selected
from hydrogen and atkyl {such as methyl and ethyl).

{000108] In some embodiments Ry and Ry are each selectad from aryl, alkyl, or alkenyl,
each of which may be optionally substituted with halogen, hydroxyl, cyano, amido, sulfone,
sulfonamide, heterocycle, or phosphate.

[000110] In exemplary embodiments Ry and Ry, are independently selected from
hydrogen and halogen.

[000111] In some embodiments Ry and Ry, are each selected from alkyl, atkoxy, or aryl,
each of which may be optionally substituted with halogen.

{000112] In certain compounds of Formula | Ry, and Ry; are hydrogen.

000113} In other exemplary embodiments, Ry, and Ry; are independently selected from
hydrogen and aliyl.

[000114] in some embodiments Ry, and Ry, are each selected from alkyl or aryl, each of
which may be optionally substituted with halogen.

{000115] in other compounds of Formula |, Ry, and Ry are independently selected from
hydrogen, methyl, ethyl, propyl, and isopropyl

(300116} In certain embodiments of the invention, the compound of Formula |is selectad
from:

2-{3-{4-Isnpropyipiperazin-1-yljphenyl}-5, 7-dimethoxyquinazolin-4{3H}-one [Example 1],

2-{3-{4-Isopropylpiperazin-1-yI}-5-methoxyphenyl}-5,7-dimethoxyquinazolin-4{3H)-one
iExample 2],

5,7-Dimethoxy-2-{6-{4-{2-methoxyethylipiperazin-1-yljpyridin-2-yljguinazolin-4{3H}-one
{Example 3],

2-16-{4-{2-Hydroxyethylipiperazin-1-ylipyridin-2-yl}-5, 7-dimethoxyquinazolin-4{3H}-one
{Example 4],

2-{6-{4-isobutylpiperazin-1-ylipyridin-2-y1-5,7-dimethoxyquinazolin-4{3H}-one [Example
5,

5,7-Dimethoxy-2-{6-{4-{2-{methylsulforyhethylipiperazin-1-ylpyridin-2-yljquinazolin-

4{3H}-one [Example 8],
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Methyl 2-{4-(6-{5,7-dimethoxy-4-ox0-3 4-dihydroguinazolin-2-yi}pyridin-2-yilpiperazin-1-
vilacetate {(Example 7],

2-{6-{4-{1-Hydroxypropan-2-ylipiperazin-LyHpyridin-2-y1}-5, 7-dimethoxyquinazolin-4{3H}-
ane {Example 8],

2-{4-{6-(5,7-Dimethoxy-4-oxo-3,4-dihydroquinazolin-2-ylipyridin-2-ylipiperazin-1-
yiipropanamide [Exampie 8],

2-{4-{6-{5,7-Dimethoxy-4-oxo-3,4-dihydroquinazolin-2-yhipyridin-2-vljpiperazin-1-ylacetic
acid {Exampie 10},

3-{4-{6-{5,7-Dimethoxy-4-oxo-3,4-dihydroguinazolin-2-yijpyridin-2-yljpiperazin-1-
yiipropancic acid [Example 11},

2-{5-{2-{isopropylamino)ethoxy}-6-{4-isopropylpiperazin-1-ylipyridin-2-y1}-5,7-
dimethoxyguinazolin-4{3H}-one bis{trifluoroacetate] [Example 12},

2-{5-{2-Hydroxyethoxy}-6-{4-isopropyipiperazin-I-ylpyridin-2-yi}-5, 7-dimethoxyguinazolin-
4{3H}-one acetate [Example 13},

2-{6-{4-isapropylpiperazin-1-yi}-5-methoxypyridin-2-yi}-5,7-dimethoxyquinazolin-4{3H}-one
{Exaniple 14],

5,7-Bimethoxy-2-{6-{4-methylpiperazin-1-yllpyridin-2-yllquinazolin-4{3H}-one
Hydrochloride {Example 15},

5, 7-Dimethoxy-2-{6-morpholinopyridin-2-yilguinazolin-4{3H}-one Hydrochloride {Example

2-{6-{4-Isopropyipiperazin-T-yl}pyridin-2-yi}-5,7-dimethoxyquinazolin-4{3H}-one
Hydrochloride {Example 17},

5,7-Dimethoxy-2-{6-{4-{methylsulfonylipiperazin- 1ylipyridin-2-yllguinazolin-4{3H}-one
Hydrochioride (Example 18},

5,7-Dimethoxy-2-{6-{4-propionyipiperazin-1-yipyridin-2-vi}quinazolin-4{3H}-one
dihydrochioride {Example 19},

2-{3-{4-tsopropyipiperazin-1-yi)-5-{triflusromethoxylphenyl)-5,7-dimethoxyauinazolin-
4{3H)-one {(Example 20},

7-Fluoro-2-{6-{4-isopropyipiperazin- 1-ylipyridin-2-vi}-5-methoxyguinazolin-4{3H}-one
Hydraochloride {Example 21},

7-{Benzyloxy}-2-(6-{4-isapropyipiperazin-1-yipyridin-2-yl-S-methoxyquinazohin-4{3#}-one
Hydrochloride {Example 22},

7-{4-1sopropyipiperazin-1-yl}-2-(6-{4-isopropylpiperazin-1-ylpyridin-2-yi}-5-

methoxyguinazolin-4{3H4}-one Hydrochloride {Example 23},
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2-{6-{4-1sppropylpiperazin-1-yijpyridin-2-yi}-5-methoxy-7-phenylquinazolin-4{3H}-one
{Exampie 25},

g-{Benzyloxy)-2-{3-{4-isopropylpiperazin-1-yliphenyl}-5-methoxyquinazolin-4{3H}-one
{Example 26},

4-{6-{5,7-Dimethoxy-4-ox0-3,4-dihydroguinazolin-2-ylpyridin-2-ylj-N-isopropylpiperazine-
1-carboxamide Hydrochloride {Example 27},

2-{6-{4-Isopropyl-2-oxopiperazin-1-yijpyridin-2-y1}-5,7-dimethoxyqguinazolin-4{34}-one
Hydrochloride {(Example 28},

2-{6-{4-{Dimethylamino)piperidin-1-yi}pyridin-2-y{}-5,7-dimethoxyguinazolin-4{3H}-one
{Example 29},

5,7-Dimeathoxy-2-{6-{4-methyl-3-oxopiperazin-1-yhpyridin-2-yliquinazolin-4{3H}-one
{Exampls 30},

2-{3-Chioro-5-{piperazin-1-yi}phenyi}-5,7-dimethoxyquinazolin-4{3H}-one {Example 31},

2-{3-Chioro-5-{4-isopropyipiperazin-T-yljphenyl}-5, 7-dimethoxyguinazolin-4{3H}-one
{Example 32},

[000117] in certain embodiments, the compound of Formutla | is 2-{6-{4-
isopropylpiperazin-1-yi}pyridin-2-y1}-5,7-dimethoxyguinazolin-4{3H}-one Hydrochioride (Example
17}

000118} in selected embodiments of the compounds of Formula |, Rg is selected from the

group represented by Formuia ik

A
Vg F
Rig

wherein:

Disselected from O and §;

Eisselected from O, N, and 5;

R., and Rys are independently selected from hydrogen, alkyl, and cycloalkyl, and only one
of By, and Ry are present ifEis O or §; and

nis selected from 1, 2, and 3. In some embodiments, D is oxygen. In some embodiments,
n = 1. In some embodiments, Ry and Ry are independently selected from hydrogen, and alkyl
{such as C1-C5).
[000119) In some embodiments Ry, and Rys are each selected from alky! or cycloalkyl, each

of which may be optionally substituted with halogen, aming, or hydroxyl.
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000120} In certain compounds of Formula |, Ry is selected from hydrogen, methaoxy,
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[000131] Another aspect of the invention provides a method for inhibition of BET protein
function by binding to bromodomains, and their use in the treatment and prevention of diseases
and conditions in a mammal {e.g., 3 human} comprising administering a therapeutically effactive
amount of a compound of Formula L

{000122] In one embodiment, because of potent effects of BET inhibitors in vitro on iL-6
and IL-17 transcription, BET inhibitor compounds of Formula | are used as therapeutics for
inflammatory disorders in which 1L-6 and/or iL-17 have been implicated as drivers of disease. The
following autoimmune diseases are amenable to therapeutic use of BET inhibition by
administration of a compound of Formula | because of a prominent role of IL-6 and/or 1L-17: Acute
Disseminated Encephalomyelitis [69], Agammaglobulinemia [70], Allergic Disease [71], Ankylosing
spondylitis [72], Anti-GBM/Anti-TBM nephritis [73], Anti-phospholipid syndrome [74], Autolmmune
aplastic anemia [75], Autoimmune hepatitis [78], Autolmmune inner ear disease {77], Autoimmune
myocarditis {78}, Autolmmune pancreatitis [79], Autoimmune retinopathy {80, Autoimmune
thrombooytopenic purpura [81], Behcat's Disease [82], Bullous pemphigoid {83}, Castleman's
Disease [84], Celiac Disease {85}, Churg-Strauss syndrome [86], Crohn's Disease i87], Cogan's
syndrome {88], Dry eve syndrome [89], Essential mixed cryoglobulinemia {20], Dermatomyositis
[91], Devic's Disease {92}, Encephalitis [93], Eosinaphlic esophagitis [94], Eosinophilic fasciitis [94],
Erythema nodosurn [95], Giant cell arteritis {96], Glomerulonephritis [97], Goodpasture’s syndrome
1731, Granulomatosis with Polyangiitis {Wegener's) [98], Graves’ Disease [99], Guillain-Barre
syndrome [100], Hashimoto’s thyroiditis {101}, Hemalytic anemia {102}, Henoch-Schonlein purpura
{103, igA nephropathy [104], Inclusion body myasitis {105], Type | diabetes [8], interstitial cystitis
{106}, Kawasaki's Disease [107], Leukocytoclastic vasculitis [108], Lichen planus [109], Lupus (5LE)
[110], Microscopic polyangitis {111], Multiple sclerosis [112], Myasthenia gravis {113}, myositis
(913, Optic neuritis [114], Pemphigus [115], POEMS syndrome [116], Polyarteritis nodosa {117},
Prirnary billary cirrhosis [118}, Psoriasis [119], Psoriatic arthritis [120], Pyoderma gangrenosum
[121], Relapsing polychondritis {122}, Rheumatoid arthritis [123], Sarcoidosis {124], Scleroderma
[125], Siogren's syndrome [126], Takayasu's arteritis [127], Transverse myelitis [128], Ulcerative

colitis [129], Uveitis [130], Vitlligo [131L
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10001231 Acute and chronic {non-autoimmune) inflammatory diseases characterized by
increased expression of pro-inflammatory cytokines, including 1L-6, MCP-1, and IL-17, woulid also
be amenahie to therapeutic BET inhibition. These include, but are not limited to, sinusitis {132},
pneumonitis {133}, osteorvyelitis [134], gastritis {135}, enteritis {136, gingivitis {1371, appendicitis
{138}, irritable bowel syndrome [139], tissue graft rejection {140}, chronic abstructive pulmonary
disease {COPD) [141], septic shock {toxic shock syndrome, SIRS, bacterial sepsis, etc) [12],
pstecarthritis {142], acute gout [143], acute lung injury [141], acute renal fallure [144], burns [145],
Herxheimer reaction [146], and SIRS associated with viral infections [8].

000124} in one embodiment, BET inhibitor compounds of Formula | are used for traating
rheumatoid arthritis (RA} and multiple sclerosis {MS). Strong proprietary data exist for the utility of
BET inhibitors in preclinical models of RA and MS [17]. Both BA and MS are characterized by a
dysregulation of the IL-6 and IL-17 inflammatory pathways [10] and thus would be especially
sensitive to BET inhibition. Inn another embodiment, BET inhibitor compounds of Formula |are usad
for treating sepsis and associated afflictions. BET inhibition has been shown to inhibit development
of sepsis, in part, by inhibiting 1L-6 expression, in preclinical models in both publishad [12] and
proprietary data.

[000125] In one embodiment, BET inhibitor compounds of Formula | are used to treat
cancer. Cancers that have an overexpression, translocation, amplification, or rearrangement c-mye
or other myc family oncoproteins {MYCN, L-myc) are particularly sensitive to BET inhibition {27,
28}, These cancers include, but are not limited to, B-acute lymphocoytic leukemia, Burkitt’s
lymphoma, Diffuse large cell lymphoma, Multiple myeloma, Primary plasma cell leukemia, Atypical
carcineid lung cancer, Bladder cancer, Breast cancer, Cervix cancer, Colon cancer, Gastric cancer,
Glioblastoma, Hepatocellular carcinoma, Large cell neuroendocring carcinoma, Medulioblastoma,
Melanoma, noduiar, Melanoma, superficial spreading, Neurcblastoma, esophageal squamous cell
carcinoma, Osteosarcoma, Qvarian cancer, Prostate cancer, Renal clear cell carcinoma,
Retinoblastoma, Rhabdomyosarcorma, Small celi lung carcinoma {25].

[000126] In one embodiment, BET inhibitor compounds of Formula | are used to treat
cancers that result from an aberrant regulation {overexpression, translocation, etc) of BET proteins,
These include, but are not limited to, NUT midline carcinoma {Brd3 or Brd4 translocation to nutlin
1 gene} {22}, B-celf lymphoma {Brd2 overexpression) [23], non-small celi lung cancer {BrdY
overexpression} [147, 148], esophageal cancer and head and neck squamous cell carcinoma {BrdT
overexprassion} {147], colon cancer {Brd4) [149].

[000127] in one embodiment, because BET inhibitors decrease Brd-dependent

recruitment of pTEFh to genes involved in cell proliferation, BET inhibitor compounds of Formula |

28
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are used to treat cancers that rely on pTEFD {CdkS/cyclin T} and BET proteins to regulate
ancogenes. These include, but are not limited to, chronic lymphocytic leukemia and multiple
myeloma [150], follicular lymphoma, diffuse {arge B cell lymphoma with germinal center
phenotype, Burkitt’s lymphoma, Hodgkin's lymphoma, follicular lymphomas and activated,
anaplastic large cell iymphoma {151}, neurchiastoma and primary neurcectodermal tumor [152],
rhabdomyosarcoma [153], prostate cancer [154], and breast cancer {45}

1000128] in one embodiment, BET inhibitor compounds of Formula | are used to treat
cancers in which BET-responsive genes, such as CDK8, Bcl2, TYROS, MYB, and hTERT are up-
regulated [26, 27]. These cancers include, but are not limited to, pancreatic cancer, breast cancer,
colon cancer, glioblastoma, adenoid cystic carcinoma, T-cell prolymphoceytic leukemia, malignant
glioma, bladder cancer, medulloblastoma, thyroid cancer, melanoma, muitiple myeloma, Barrel's
adenocarcinoma, hepatoma, prostate cancer, pro-myelocytic leukemia, chronic lymphocoytic
leukernia, mantle cell lymphoma, diffuse large 8-cell lymphoma, small cell lung cancer, renal
carcinoma {32, 1551621

[600129] Published and proprietary data have shown direct effects of BET inhibition on
celi proliferation in various cancers. in one embodiment, BET inhibitor compounds of Formula | are
used to treat cancers for which exist published and, for some, proprietary, in vive andfor in vitro
data showing a direct effect of BET inhibition on celi proliferation. These cancers include NMC
{NUT-midline carcinomal, acute myeloid leukemia {AML), acute B lymphoblastic leukemia {B-ALL},
Rurkitt’s Lymphoma, B-cell Lymphoma, , Melanoma, mixad lineage leukemia, multiple myeloma,
pro-myelocytic leukemia (PML), non-Hodgkin's lymphoma [24, 26-30, 33]. Examples wrovided
within this application have also shown a divect effect of BET inhibition on cell proliferation in vitro
for the following cancers: Neuroblastoma, Medulloblastoma, lung carcinoma {NSCLC, SCLC), and

O

colon carcinoma.

{000130] in one embodiment, because of potential synergy or additive effects between BET
inhibitors and other cancer therapy, BET inhibitor compounds of Formula | are combined with
gther theraples, chemaotherapeutic agents, or anti-proliferative agents to treat human cancer and
other proliferative disorders. The list of therapeutic agents which can be combined with BET
inhibitors in cancer treatment includes, but is not limited to, ABT-737, Azacitidine {Vidaza),
AZD1152 (Barasertib), AZD2281 (Olaparib), AZD6244 (Selumetinib}, BEZ235, Bleomycin Sulfate,
Borteromib (Velcade), Busuifan {Myleran), Camptothecin, Cisplatin, Cyclophosphamide {Clafen),
CYT387, Cytarabine {Ara-C), Dacarbazine, DAPYT (GSIHIX), Dacitabine, Dexamethasone, Doxorubicin
{Adriamycin), Ftoposide, Everolimus {RADOOL), Flavopiridol (Alvocidib), Ganetespib {STA-3080),

Gefitinib {fressa), idarubicin, ifosfamide {Mitoxana), IFNa2a {Roferon A}, Meiphalan {Alkeran},
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Methazolastone {temozolomide), Metformin, Mitoxantrone {Navantrone}, Paclitaxel, Phenformin,
PRC412 {Midostauring, PLX4032 {Vemurafenib), Pomalidomide {CC-4047}, Prednisone {Deltasone},
Rapamycin, Reviimid {Lenalidomide), Ruxolitinib {INCB0O18424)}, Sorafenib {Nexavar}), SU11248
{Sunitinib), SU11274, Vinblastine, Vincristine {Oncovin}, Vinoreibine {Navelbine}, Vorinostat
{SAHA}, WP1130 (Dagrasyn).

[000131] In one embodiment, because of their ability to up-regulate ApoA-1 transcription
and protein expression {11, 35], BET inhibitor compounds of Formula | are used to treat
cardiovascular diseases that are generally associated with including dyslipidemia, atherosclerosis,
hypercholesterolemia, and metabolic syndrome [8, 19]. In another embodiment, BET inhibitor
compounds of Formula | are used 1o treat non-cardiovascular disease characterized by deficits in
Apoa-1, including Alzheimer’s disease [37].

{000132] In one embodiment, BET inhibitor compounds of Formula | are used in patients
with insulin resistance and type i diabetes {8, 19, 38, 391 The anti-inflammatory effects of BET
inhibition would have additional value in decreasing inflammation associated with diabetes and
metabolic disease [163].

{000133] In one embodiment, because of their ability to dowrn-regulate viral promoters,
BET inhibitor compounds of Formula | are used as therapeutics for cancers that are associated with
viruses including Epstein-Barr Virus {EBV), hepatitis virus {HBY, HCV}, Kaposi's sarcoma associated
virus {KSHV), human papiliora virus (HPV}, Merkel cell polyomavirus, and human cytomegalovirus
{CMV) [40-42, 1641 In another embodiment, because of their ability to reactivate HIV-1 in models
of latent T cell infection and latent monocoyte infection, BET inhibitors could be used in
combination with anti-retroviral therapeutics for treating HiV [43-46],

{000134] In one embodiment, bacause of the role of epigenetic processes and
bromodomain-containing proteins in neurological disorders, BET inhibitor compounds of Formula |
are used to treat diseases inciuding, but not limited to, Alzheimer’s disease, Parkinson’s disease,
Huntington disease, bipolar disorder, schizophrenia, Rubinstein-Taybi syndrome, and epilepsy {9,
1651

[000135] in one embodiment, because of the effect of BRDT depletion or inhibition on
spermatid development, BET inhibitor compounds of Formula | are used as reversible, male

contraceptive agents {56, 31}

[300136] Pharmacautical compositions of the present disclosure comprise at least one
compound of Farmula §, or tautomer, sterecisomer, pharmaceutically acceptable salt or hydrate

38
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thereof formulated together with one or more pharmaceutically acceptable carriers. These
formulations include those suitable for oral, rectal, topical, buccal and parenteral {e.g.,
subcutaneous, intramuscular, intradermal, or intravenous} administration. The most suitable form
of administration in any given case will depend on the degree and severity of the condition being
treated and on the nature of the particular compound being used.

{000137] Formulations suitable for oral administration may be presented in discrete units,
such as capsules, cachets, lozenges, or tablets, sach contalning a predetermined amount of a
compound of the present disclosure as powder or granules; as a solution or a suspension in an
agueous or non-agueous fiquid; or as an oil-in-water or water-in-oil emulsion. As indicated, such
formulations may be prepared by any suitable method of pharmacy which includes the step of
pringing into association at least one compound of the present disclosure as the active compound
and a carrier or excipient {which may constitute one or more accessory ingredients). The carrier
must be acceptable in the sense of being compatible with the other ingredients of the formulation
and must not be deleterious to the recipient. The carrier may be a solid or a liguid, or both, and
may be formulated with at {east one compound described herein as the active compound in a unit-
dose formulation, for example, a tablet, which may contain from about 0.05% to about 85% by
waight of the at least one active compound. Other pharmacologicaily active substances may also
be present including other compounds. The formulations of the present disclosure may be
prapared by any of the weli-known technigues of pharmacy consisting essentially of admixing the
components.

[000138] For solid compositions, conventional nontoxic solid carriers include, for example,
pharmaceutical grades of mannitol, iactose, starch, magnesium stearate, sodlum saccharin, talg,
cellulose, glucose, sucrose, magnesium carbonate, and the like. Liguid pharmacologically
administrable compositions can, for example, be prepared by, for example, dissolving or
dispersing, at least one active compound of the present disclosure as described herein and
optional pharmaceutical adjuvants in an excipient, such as, Tor example, water, saline, aqueous
dextrose, glycerol, ethanal, and the like, to thereby form a solution or suspension. in general,
suitable formulations may be prepared by uniformly and intimately admixing the at least one
active compound of the present disclosure with a liguid or finely divided solid carrier, or both, and
then, if necessary, shaping the product. For example, a tablet may be prepared by compressing or
molding a powder or granuies of at least one compound of the present disclosure, which may be
optionally combined with one or more accessory ingredients. Comprassed tablets may be prepared
by compressing, in a suitable maching, at least one compound of the present disclosure in a free-

flowing form, such as a powder or granules, which may be optionally mixed with a binder,

5]
[ases
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lubricant, inert diluent and/or surface active/dispersing agent(s). Molded tablets may be made by
molding, in a suitable machine, where the powdered form of at least one compound of the present
disclosure is moistenad with an inert liguid diluent,

(000138 Formulations suitable for buccal {sub-lingual} administration include lozenges
comprising at least one compound of the present disclosure in a flavored base, usually sucrose and
acacia or tragacanth, and pastilles comprising the at least one compound in an inert base such as
gelatin and glycarin or sucrose and acacia.

[000140] Formulations of the present disclosure suitable for parenteral administration
comprise sterile agueous preparations of at least one compound of Formula | or tautomers,
stereoisormers, pharmaceutically acceptable salts, and hydrates thereof, which are approximately
isotonic with the blood of the intended recipient. These preparations are administered
intravenaously, although administration may also be effected by means of subcutaneous,
intramuscular, or intradermal injection. Such preparations may conveniently be prepared by
admixing at least one compound described hervein with water and rendering the resulting solution
sterile and isotonic with the blood. Injectable compositions according to the present disclosure
may contain from about 0.1 10 about 5% w/w of the active compound.

300141} Formulations suitable for rectal administration are presented as unit-dose
suppositories. These may be prepared by admixing at least one compound as described herein with
one or more conventional solid carriers, for exampie, cocoa hutter, and then shaping the resulting
mixture.

[0003142] Formulations suitable for topical application to the skin may take the form of an
pintment, cream, lotion, paste, gel, spray, aerosol, or oil. Carriers and excipients which may be
used include Vaseline, lanoline, polyethylane glycols, alcohols, and combinations of two or more
thereof. The active compound {L.e,, at least one compound of Formula or tautomaers,
sterepisomers, pharmaceuticaily acceptable salts, and hydrates thereof) is generally present at a
concentration of from about 8.1% to about 15% w/w of the composition, for example, from about
1.5 to about 2%.

[000143] The amount of active compound administered may be dependent on the subject
being treated, the subject's weight, the manner of administration and the judgment of the
prescribing physician. For example, 3 dosing schedule may involve the dally or semi-daily
adrninistration of the encapsulated compound at a perceived dosage of about 1 yg 1o about 1000
mg. In another embodiment, intermittent administration, such as on a monthly or yearly basis, of a
dose of the encapsulated compound may be emploved. Encapsulation facilitates access to the site

of action and allows the administration of the active ingredients simuitaneously, in theory
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producing a synergistic effect. In accordance with standard dosing regimens, physicians will readily
determine optirnum dosages and will be able to readily modify administration to achieve such
dosages.

{000144] A therapeutically effective amount of 3 compound or composition disclosed
herein can be measured by the therapeutic effectiveness of the compound. The dosages, however,
may be varier depending upon the requirements of the patient, the severity of the condition being
treated, and the compound being used. in one embodiment, the therapeutically effective amount
of a disclosed compound is sufficient to establish a maximal plasma concentration. Preliminary
doses as, for example, determined according to animal tests, and the scaling of dosages for human
administration is performed according to art-accepted practices.

[000145] Toxicity and therapeutic efficacy can be determined by standard pharmaceutical
procedures in cell cultures or experimental animals, e.g., for determining the LDs {the dose lethal
o 50% of the population) and the EDy {the dose therapeutically effective in 50% of the
population). The dose ratio between toxic and therapeutic effects is the therapeutic indexand it
can be expressed as the ratio LDe/EDy. Compositions that exhibit large therapeutic indices are
preferable.

(0001461 Data obtained from the cell culture assays or animal studies can be used in
formulating a range of dosage for use in humans. Therapeutically effective dosages achieved in one
animal model may be converted for use in another animal, including humans, using conversion
factors known in the art {see, e.g., Freireich et al,, Cancer Chemother. Reports 50{4}:219-244 {1966}

and the foliowing Table for Fouivalent Surface Area Dosage Factors).

Equivalent Surface Area Dosage Factors:
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(000147 The dosage of such compounds ties prefarably within a range of circulating
concentrations that include the EDq, with little or no toxicity. The dosage may vary within this
range depending upon the dosage form employed and the route of administration utilized.
Generally, a therapeutically effective amount may vary with the subject’s age, condition, and
gender, as well as the severity of the medical condition in the subject. The dosage may be
determined by a physician and adjusted, as necassary, to suit observed effects of the treatment.

[600148] In one embodiment, a compound of Formula | or a tautomer, steregisomer,
pharmaceutically accepiable sait or hydrate thereof, is administered in combination with another
therapeutic agent. The other therapeutic agant can provide additive or synergistic value relative to
the administration of a compound of the present disciosure alone. The therapsutic agent can be,
for example, a statin; a2 PPAR agonist, e.g., a thiazolidinedione or fibrate; a niacin, a RVX, FXR or LXR
agonist; a bile-acid reuptake inhibitor; a cholesterol absorption inhibitor; a cholestero] synthesis
inhibitor; a cholesteryl ester transfer protein (CETP), an lon-exchange resin; an antioxidant; an
inhibitor of AcyiCoA cholesterol acyitransferase (ACAT inhibitor); a tyrophostine; a sulfonylurea-
hased drug; a biguanide; an alpha-glucosidase inhibitor; an apolipoprotein £ regulator; a HMG-CoA
reductase inhibitor, a microsomal triglyceride transfer protein; an LBL-lowing drug; an HDL-raising
drug; an HDL enhancer; a regulator of the apolipoprotein A-IV and/or apolipoprotein genes; or any
cardiovascuiar drug.

{000148] In another embodiment, a compound of Formula | or a tautomer, stergoisomer,
pharmaceutically acceptable salt or hydrate thereof, is administered in combination with one or
more anti-inflammatory agents. Anti-inflammatory agents can include immunosuppressants, TNF
inhibitors, corticosteroids, non-steroidal anti-inflasmmatory drugs {NSAIDs), disease-modifying anti-
rheumatic drugs {DMARDS), and the like. Exemplary anthinflammatory agents include, for
example, prednisone; methylprenisolone {Medrol®}, triamcinolone, methotrexate {Rheumatrex®,
Trexali®), hydroxychioroquine {Plaguenii®), suifasalzine (Azulfidine®), leflunomide {(Arava®},
etanercept {Enbrei®), infliximab {Remicade®), adalimumab {Humira®), rituximab {Rituxan®},
abatacept {Orencia®), interleukin—1, anakinra {Kinaret™), ibuprofen, ketoprofen, fenoprofen,
naproxen, aspirin, acetominophen, indomethacin, sulindac, meloxicam, piroxicam, tenoxicam,
lornoxicam, ketorolac, etodolac, mefenamic acid, meciofenamic acid, flufenamic acid, tolfenamic
acid, diclofenac, oxaprozin, apazone, nimasulide, nabumetone, tenidap, etanarcept, tolmetin,

chenyibutazone, exyphenbutazone, diffunisal, salsalate, olsalazine, or sulfasalazine.
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EXAMPLES

Example 1: 2-{3-{4-Isopropyipiperazin-1-yliphenyl)-5,7-dimethoxyguinazolin-4{3H}-one

0001501 Yo a solution of 2-amino-4,6-dimethoxy-benzamide {0.5 g, 2.55 mmol} in A N-
dimethylacetamide (30 mi} was added 3-bromo-benzaldehyde {¢.32 mL, 2.80 mmol} followed by

NaHS$0; {0.39 g, 3.82 mmol) and p-toluenesulfonic acld monchydrate (0.24 g, 1.27 mmol). The
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reaction was heated at 120 °C for 20 h. After that time it was cooled to room temperature {rt},
concentrated under reduced pressure and diluted with water. The precipitated solids were
collectad by filtration, washed with water and drisd under vacuum. The product was triturated
with diethyl ether to give 2-{3-bromo-phernyl}-5,7-dimethoxy-3H-quinazolin-4-one {0.81 g, 88%} as
a yellow solid: TH NMR {400 MHz, COCl) 6 8.23 {5, 1H), 7.84 {d, J= 7.0 Hz, 1H), 7.66 {d, J = 7.0 Hz,
1H), 7.38{t, i = 7.0 Hz, 1H), 6.8 {5, 1H), 6.46 {s, 1H}, 3.94 {s, 3H}, 3.80 {5, 3H].

[000151] A mixturs of 2-{3-bromo-phenyl}-5, 7-dimethoxy-3H-quinazolin-4-one {0.5 g, 1.38
mmol), 1-isopropyl-piperazine {0.24 mi, 1.66 mmol}, potassium t-butoxide {0.32 g, 3.31 mmol),
2,2'-bis{diphenyiphosphino}-1,1-binaphthy! {60.3 mg, 8.086 mmol} and
tris{dibenzylideneacetoneldipaliadium{0} {31.6 mg, 0.034 mmol} in nitrogen saturated toluene (10
mL} was heatad at 100 °C for 48 h. After that time the reaction was cooled to rt and concentrated
under reduced pressure. The product was purified by flash column chromatography {silica gel,
dichioromethane to 97:3 dichloromethane/methanol} to give 2-{3-{4-isopropylpiperazin-1-
yllohenyl)-5,7-dimethoxyquinazolin-4{3H}-one {0.080 g, 14%) as a yellow solid: mp 251-253°C; H
NMR {400 MHz, COChL): § 7.56 (s, 1H), 7.42~7.38 {m, 2H}, 7.13-7.09 {m, 1M}, .84 {d, / = 2.4 Hz, 1H),
6.46 (d, S = 2.4 Hz, 1H), 3.98 {5, 3H), 3.94 {5, 3H), 3.38-3.28 {m, 4H}, 2.78-2.68 {m, 4H), 1.11 {d, 6H};

ESIMS m/z 407 (M -1}

Example 2: 2-(3-{4-Isopropyipiperazin-1-yi}-5-methoxyphenyl}-5, 7-dimethoxyguinazolin-4{34}-

oneg

[000152] A solution of 1,3-dibromo-5-methoxybenzene (5.00 g, 18.8 mmol} in anhydrous
diethy! ether {100 mi) was cooled to -78 °C. Then a solution of n-butyllithium in hexanes {2.5 M,
8.3 mi, 20.68 mmol} was added drop-wise at -78 °C under nitrogen. After the addition was
complete, the reaction was stirred at -78 °C for 45 min. After that time, anhydrous DMF {7.3 mi},
a4.0 mmol) was added, the cooling bath was removed and the reaction mixture was allowed to
warm 1o rt. The reaction was diluted with saturated agueous NH,C solution {100 mi} and diethyl
ether {100 mL). The organic phase was separated, washed with water, dried over anhydrous

Na,S0, and concentrated under reduced pressure to give 3-bromo-5-methoxybenzaldehyde {3.95
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g, 98%) as yellow oil: "H NMR {400 MHz, CDCl) 6 9.90 (s, 1H}, 7.57-7.60 {m, 1H), 7.31-7.33 {m, 2H},
3.86 {s, 3H).

[000153] A solution of 3-brome-S-methoxybenzaldehyde {3.93 g, 18.2 mmol}, propane-
1,3-diol {1.6 mL, 21.8 mmol} and p-toluenesuifonic acid monohydrate {0.104 g, 0.54 mmol} in
anhydrous toluena {100 mi) was brought to reflux for 18 h under nitrogen. During this time water
was removed using a Dean-Stark apparatus. After this time the reaction was cooled to rt, washed
with 5% aqueous Na,£0; solution {50 mb} and dried over anhydrous Na;50,. The reaction was
concentrated under reduced pressure to give 2-{3-bromo-5-methoxyphenyl}-1,3-dioxane {4.80 g,
96%) as a brown oil.

1000154] A mixture of 2-(3-bromo-5-methoxyphenyl}-1,3-dioxane {4.75 g, 17.4 mmol}, 1-
isopropyl-piperazine {3.14 ml, 21.96 mmol), sodium-tert-butoxide {3.00 g, 31.3 mmol}, 2,2
bis{diphenylphosphino}-1, 1 -binaphthyt {0.342 g, 0.55 mmol} and
tris{dibenzylideneacetoneldipaliadium {0} {0.167 g, 0.18 mmol} in toluene {40 mi} was stirred at
100 °C for 18 h. After this time the reaction was cooled to rt and the dark brown mixture was
poured into an ice-cold sofution of 1N HCH {100 mL) and stirred vigorously for 2 h at ri. After this
time the reaction mixture was re-cooled to 0 °C and the pH was adjusted to 13 with 6N NaQH
solution. The reaction mixture was then extracted with diethyl ether. The organic phase was
concentratad, taken up in 2N HCH {50 mL} and stirred for 1 h. The resulting mixture was extracted
with dichloromethane {2 x 150 mL). The pH of the agueous phase was adjusted to approximately
13 with 6N NaOH solution and extracted with diethyl ether (2 x 150 mL). The combined organic
phase was washed with water, dried over anhydrous Na,50,, and concentrated under reduced
pressure to give 3-{4-isopropylpiperazin-1-vl}-5-methoxybenzaldehyde (1.24 g, 27%) as a viscous
red ofl: "H NMR {400 MHz, CDCls): & 9.90 {5, 1H}, 7.05 {dd, S = 2.15, 1.37 Hz, 1H), 6.88 {dd, /= 1.95,
1.17 Hz, 1K), 5,60 (8, J = 2.34 Hz, 1H), 3.85 {5, 3H), 3.25-3.28 {m, 4H}, 2.64-2.78 {m, 5H}, 1.10{d, S =
5.64 Hz, 6H).

{000155] To a solution of 3-{4-isopropyipiperazin-1-yli-5-methoxybenzaidehyde {1.23 g,
4.68 mmol) in N, N-dimethylacetamide {20 mL) was added Z-amino-4,6-dimethoxybenzamide (0.59
g, 3.00 mmol), NaH50; {58.5 wi%, 0.87 g, 4.80 mmol} and p-toluenesulfonic acid monohydrate
{1.82 g, 9.60 mmol}. The reaction mixture was stirred at 120 °C for 20 h under nitrogen. After that
time the reaction was cooled to rt and concentrated under raduced pressure. The residue was
diluted with saturated Na,CO5 solution to adjust the pH to 12. The precipitated solids were
collected by filtration, washed with water and dried under vacuum. The product was purified by
flash column chromatography {silica gel, 86:10:4 dichloromethane/ethyl acetate/methanol

followed by 86:10:4 dichloromethane/ethyl acetate/7 N NH;in methanol} and prep. HPLC to give 2-
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{3-{4-isopropyipiperazin-1-yl}-5-methoxyphenyl}-5,7-dimethoxyguinazolin-4{34}-one {1.04 g, 50%)
as a white solid: mp 212213 °C; "HONMR (400 MHz, DMSO-ds): 8§ 11.99 {5, 1H), 7.36 (s, 1H}, 7.20 {5,
1H), 5.76 {d, J= 2.34 Hz, 1H}, 6.60 {t, /= 1.95 Hz, 1H), 6.53 {d, J = 1.95 Hz, 1H), 3.90 {s, 3}, 3.85 (s,
3H), 3.81 {s, 3H), 3.22 {1, / = 4.29 Mz, 4H), 2.68 {quin, J = 6.54 Hz, 1M}, 2.58 {t, /= 4.68 Hz, 4H), 1.01
{d, S = 6.63 Hz, 6H}; ESEMS m/z 4537 [M - HY.

Example 3: 5, 7-Dimethexy-2-{6-{4-{2-methoxyethyl}piperazin-1-yljpyridin-2-yijquinazolin-4{3H}-

ane

[000156] To a solution of 2-aming-4,6-dimethoxybenzamide {0.737 g, 3.76 mwmol} and 6-
fluoropicolinaldehyde (0.470 g, 3.76 mmol) in N, N-dimethylacetamide {20 mt}, NaH504 (585 %
S0, content, 1.0 g, 5.63 mmol) and p-toluenesutfonic acid monchydrate {0.143 g, 0.75 mmol) were
added. The reaction was heated at 120 °C for 20 h. After that time the reaction was cooled to 11,
concentrated under reduced pressure, diluted with water {50 mb} and saturated NaHCO; solution
was added 1o adjust the pH to & The precipitated solids were collected by filtration, washed with
water and dried. The product was purified by flash column chromatography (silica gel, 99:1
dichioromethane/methano! to 97:3 dichloromethane/methanol) to give 2-{6-fluoropyridin-2-yi-
5,7-dimethoxyquinazolin-4{3H}-one {0.550 g, 49%) as a yellow solid: ' NMR {400 MHz, DMSO-de)
& 11.34 {5, 1H), 8.28~8.33 {m, 14}, 8.19-8.27 {m, 1H), 7.47 {dd, £ = 8.01, 1.76 Hz, 1H}, 6.82{d, J =
2.34 Mz, 1H), 6.62 {d, S = 2.34 Hz, 1M}, 3.91 {5, 3H}, 3.86 {s, 3H); °F NMR {376 MHz, DMSO-de} § -
68.08 {d, J = 8.03 Hal; ESI MS my/2 302 [M+HT .

(000157] A mixture of 2-{6-fluoropyridin-2-yl}-5,7-dimethoxyquinazolin-4{3H)-one {0.100
g, 0.33 mmol}, 1-{2-methoxyethylipiperazine {0.072 g, 0.4 mmol} and 1,1,3,3-
tetramethyiguanidine {0.096 g, 0.83 mmol} in dry DMSO {2 mi) was heated at 80 °C for 17 h. After
that time the reaction mixture was cooled 1o rt and diluted with ethyl acetate (30 mL}. The organic
chase was washed with water and brine, dried over Na,50,, filtered and concentrated under
reduced pressure. The product was purified by Hash column chromatography {silica gel, 97:3
dichioromethane/methanol to 955 dichioromethane/methanol} to give 5,7-dimethoxy-2-{6-{4-{2-
methoxyethylipiperazin-1-ylpyridin-2-ylquinazolin-4{3H)-one {0.070 g, 49%} as a yellow solid: mp
9a-101 °C: 'H NMR (200 MHz, CDCL) § 10.32 (s, 1H), 7.85 {d, /= 7.42 Hz, 1H), 7.61-7.71 {m, 1H},
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£.77-6.87 {m, 2H), 6.48 {d, J = 1.85 Hz, 1H}, 3.99 {5, 3H}, 3.34 (s, 3H}, 3.64-3.71 {m, 4H}, 3.59{t, J=
5.47 Hz, 2H), 3.40 {s, 3H), 2.61-2.71 {m, 6H}; ESI MS m/z 426 [M+HT",

Example 4 2-{6-{4-{2-Hydroxyethyl}piperazin-1-yi}pyridin-2-y1}-5,7-dimethoxyquinazolin-4{34}-

one

[300158] To a solution of 2-amino-4,6-dimathoxybenzamide {0.40 g, 2.04 mmol} and -
bromopyridine-2-carbaldehyde {0.372 g, 2.04 mmol} in N N-dimethylacetamide {24 mi} was added
NaHSO; {0,544 g, 3.06 mmol} and p-toluenesulfonic acid monohydrate {0.078g, 0.408 mmol} at rt.
The reaction mixture was heated at 120 °C for & h. After that time the reaction was cooled to 1,
concentrated under reduced pressure and diluted with water {10 ml}. The precipitated solids were
collected by filtration, washed with water and dried. The product was purified by flash column
chromatography {silica gel, 95:5 dichloromethane/methanol} to give 2-{6-bromopyridin-2-yi}-5,7-
dimethoxyquinazolin-4{3#}-one {0.354 g, 48%} as a light yellow solid: TH NMR {400 MH2z, DMSO-dg)
§11.25 {brs, 1H}, 8.36 {d, J = 7.81 Hz, 1H}, 7.87-8.04 {m, 2H), 6.81 {5, 1H}, 5.62 {s, 1H), 3.91 {5, 3H)},
3.87 {s, 3H}; ESIMS m/7 362 [M + H]"

{000158] To a suspension of 2-{6-bromopyridin-2-yl}-5,7-dimethoxyquinazolin-4{(3H}-one
{0.193 g, ©0.533 mmol} in dioxane {3 ml) was added palladiumn{ijacetate {0.012 g, 0.053 mmol}, rac-
2,2’-bis{diphenyiphosphino}-1,1 -binaphthyt {0.0332 g, 0.053 mmol} and cesium carbonate (0.261
g, 0.800 mmoi} under nitrogen. The reaction mixture was refluxed under nitrogen for 6.5 h. After

that time the reaction was cooled to rt, filtered and concentrated under reduced pressure. The

and trace amount of ammonium hydroxide) foliowed by trituration with diethyt ether to give 2-{6-
{4-{2-hydronyethylipiperazin-1-yiipyridin-2-y1}-5,7-dimethoxyquinazolin-4{3H}-one {0.043 g, 20%]
as a light vellow solid: mp 175-177 °C; Y NMR {400 MHz, DMSO-de} § 11.05 {br s, 1H}, 7.65-7.79
{m, 2H), 7.06 {d, J = 8.20 Hz, 1K}, 6.78 {5, 1H), 6.58 {5, 1H), 4.48 {brs, 1H}, 3.91 (s, 3H), 3.86 (s, 3H},
3.64 {br s, 4H}, 3.55 {br s, 2H), 2.54 {br s, 4H), 2.45 {1, 2H}; EST MS m/z 412 [M + K]
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Example 5: 2-{6-{4-Isobutylpiperazin-1-yijpyridin-2-y1}-5,7-dimethoxyquinazolin-4{3H}-one

[000160] To a suspension of 2-{6-fluoropyridin-2-vi}-5,7-dimethoxyquinazolin-4{3H}-one
{0.108 g, 0.36 mmol} in N, N-dimethylformamide {1.5 mi) was added K;{0; {0.15 g, 1.07 mmol} and
{-isobutyl-piperazine (88.9 ul, 0.54 mmol). The resulting mixture was heated at 110 °Clor 5 h.
After that time N N-dimethylacetamide {1.5 mi} was added and heating was continued for 20 h.
After that time the reaction mixture was cooled to rt, diluted with ethyl acetate and filtered. The
filtrate was concentrated under reduced pressure and the residue was washed with water, and
dried under high vacuum. The product was purified by flash column chromategraphy {silica gel,
99:1 dichloromethane/methanoct) to give 2-{6-{4-isobutylpiperazin-1-yijpyridin-2-y1}-5,7-
dimethoxyquinazolin-4{3H}-one {0.052 g, 34%) as a yellow solid: mp 188183 °C; 'HNMR (400
MHz, COCH) 6 10.33 {brs, 1H), 7.83 {d, /= 7.42 Hz, 1M}, 7.65 {dd, / = 8.59, 7.42, 1H}, 6.76-6.88 {m,
2H), 6.48 {d, i = 2.34 Hz, 14}, 3.99 {5, 3H}, 3.94 {5, 3H}, 3.64 {t, /= 488 Hz, 4H}, 2.55 {1, /= 4.88 Hz,
4HY, 2.17 {d, § = 7.42 Hz, 2H), 1.75-1.95 {m, 1H), 0.95 {d, / = 6.64 Hz, 6H); ESI M5 m/z 424 [M + H] ",

Example 8: 5,7-Dimethoxy-2-{6-{8-{2-{methylsulfonvijethyllpiperazin-I-yljpyridin-2-

yvilquinazolin-4{34}-one

0600161} To a solution of 2-{6-fluoropyridin-2-yi}-5,7-dimethoxyquinazolin-4{3H}-one
{0.200 g, 0.664 mmol} in DMSO (1.5 mi) under nitrogen was added 1-[2-{methylsulfonyljethyl]
piperazine hydrochloride {0.265 g, 0.996 mmol} and 1,1,3,3-tetramethylguanidine. The reaction
was stirred at 80 °C for 18 h. After that time the reaction was cooled to rt, diluted with ethyl
acetate {50 mb), washed with water {2 x 20 mi}, brine, dried over Na,50, and concentrated under
reduced pressure. The product was purified by flash column chromatography {silica gel, 855
dichloromethane/methanol} to give 5,7-dimethoxy-2-(6-{4-{2-{methylsulfonyllethylipiperazin-1-
yiipyridin-2-vijguinazolin-4{3#3-one {0,120 g, 38 %) as a yellow solid: mp 243-244 °C: TH NMR {400
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Mz, CDCL): 8 10.28 {br s, 1H), 7.88 {d, S = 7.3 Hz, 1H), 7.73-7.66 {m, 1H)}, 6.87-6.81 {m, 2H), 6.49
{6, J = 2.2 Hz, 1H), 3.99 {s, 3H), 3.94 (s, 3H}, 3.69-3.61 {m, 4H}, 3.23{t, J = 6.4 Hz, 2H), 3.09 (s, 3H},
2.98 {1, J = 6.4 Hz, 2H), 2.72-2.64 {m, 4H}.

Example 7: Methyl 2-{4-{6-{5,7-dimethoxy-4-oxe-3,4-dihydroquinazolin-2-ylpyridin-2-

yiipiperazin-1-vilacetate

(000162} To a stirred suspension of methyl 2-{piperazin-i-yljacetate dihydrochloride (0.67
g, 2.92 mmol} in dry BMSO {1.5 mb} was added 1,1,3,3-tetramethylguanidine {0.15 g, 1.07 mmol),
The resulting mbdure was stirred at rt for 10 min. Then 2-{6-flucropyridin-2-yi}-5,7-
dimethoxyquinazolin-4{3H}-one {0.40 g, 1.33 mmol} was added as a solid. The reaction was heated
at 90 °C for 4.5 h. After that time the reaction was cooled to rt and diluted with ethyl acetate {30
mL). The organic phase was washed with water and brine, dried over sodium sulfate, filtered and
concentrated under reduced pressure. The product was purified by flash column chromatography
{silica gel, 98:2 dichloromethane/methanol} followed by trituration with diethyt ether to give
methyl 2-{4-{6-(5,7-dimethoxy-4-oxo-3 4-dihydroguinazrolin-2-yi}pyridin-2-ylipiperazin-1-yl}acetate
{0,357 g, 61%]} as a light vellow solid: mp 176-177 °C; "H NMR {400 MHz, CDCL) & 10.30 {br s, 1H),
7.86 {d, /= 7.03 He, 1H), 7.63—7.71 {m, 1H), 6.80~6.86 {m, 2H), 6.48 {d, /= 2.34 Hz, 1H), 3.99 (s,
3H), 3.94 s, 3H}, 3.77 {s, 3H), 3.67-3.73 {m, 4H), 3.34 (s, 2H), 2.73-2.75 {m, 4H}; ESI MS m/z 440
+HT

Example 8: 2-{6-{4-(1-Hydroxypropan-2-yl}piperazin-L-ylipyridin-2-yi}-5, 7-dimethexyguinazolin-
4{3H)-one
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{000163] A mixture of 2-{8-flucropyridin-2-y1}-5,7-dimethoxyguinazelin-4(3H}-one {0.202
g, (.67 mmol}, 2-{piperazin-1-yiipropan-1-ol dihydrochioride {0.252 g, 1.34 mmol} and 1,1,3,3-
tetramethylguanidine {0,310 g, 2.69 mmol} in dry DMSO (1.5 mL} was heated at 85 °C for 6 h. After
that time the reaction was cooled to rt, diluted with water {15 mL} and extractad with ethyi
acetate {2 x 30 mL). The combined organic phase was washed with brine, dried over sodium
suifate, filtered and concentrated under reduced prassure. The product was purified by flash
column chromatography {silica gel, 97:3 dichisromethane/methanol to 85:5
dichloromethans/methanol) to give 2-{6-{4-{1-hydroxypropan-2-ylipiperazin-1-ylpyridin-2-yl-5,7-
dimethoxyguinazolin-4{3H)-one {0.155 g, 54%j) as a yellow solid: mp 202204 °C; HNMR {400
Mz, COCL) 6 10.30 {s, 1H), 7.87 {d, 4 = 7.42 Hz, 1H), 7.64~7.72 {m, 1H), 6.79-6.88 {m, 2H} 6.49 {4,
1=2.34Hz, 1H) 3.99 (s, 3H), 3.94 {5, 3H), 3.61~3.72 {m, 4H), 3.38-3.52 {m, 2H}, 2.89-2.99 (m, 14},
2.78-2.88 {m, 2H}, 2.54-2.64 {m, 2H}, 0.97 {d, / = 6.64 Hz, 3H); E51 MS m/z 426 [M+H]",

Example 81 2-{4-{6-(5,7-Dimethoxy-4-oxo-3,4-dihydroguinazolin-2-ylipyridin-2-yijpiperazin-1-

yilpropanamide

[0001864] To a suspension of 2-{piperazin-1-ylipropanamide dihydrochloride {0,305 g, 1.33
ramaol} in DMSO {1.5 mL}, was added 1,1,3,3,-letramethylguanidine {0.398 g, 3.45 mmol) at rt. The
reaction mixture was stirred for 15 min. After that time 2-{8-fluoropyridin-2-yi}-5,7-
dimethoxyoguinazolin-4{3H}-one {0.20 g, 0.664 mmol} was added as a solid in 3 single portion. The
resulting mixture was stirred at 90 °C for 3.5 h. After that time the reaction was cooled o rt and
dilutad with dichloromethane {50 mi}. The organic phase was washed with brine, dried over
Na,50, and concentrated under reduced pressure. The residue was purified by flash column
chramatography {silica gel, 93.7 dichloromethane/methanol} to give 2-{4-{6-{5,7-dimethoxy-4-0xo-
3, 4-dihydroguinazolin-2-ylipyridin-2-ylipiperazin-1-yl}propanamide {0.080 g, 28%] as a light yeliow
solid: mp 149-150°C; - 'H NMR {400 MHz, DMSO-de} § 11.05 {br s, 1H), 7.65-7.79 {m, ZH), 7.30 {s,
1H), 7.06 (d, /= 8.20 Hz, 1H}, 6.78 {5, 1H), 6.58 {5, 1H}, 4.48 {br s, 1H}, 3.91 {5, 3H), 3.86 (s, 3H), 3.64
{brs, 4H), 3.55 (brs, 2H), 2.54 {br 5, 4H), 2.45 {t, 2H); ESI MS m/z 439 [M + HY"

55
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Example 10: 2-{4-{6-{5,7-Dimethoxy-d-oxo-3,4-dihydroquinazolin-2-ylipyridin-2-ylipiperazin-1-

yijacetic acid

[000165] To a solution of methyl 2-{4-{6-({5,7-dimethoxy-4-oxe-3,4-dihydroquinazolin-2-
yipyridin-2-ylipiperazin-1-yllacetate (0.156 g, 0.35 mmol} in THF {10 mL}, water (5 mi} and
methanol {3 mib) was added lithium hydroxide {0.043 g, 1.77 mmol}. The reaction was stirred for 2
b at rt. After that time the reaction was cooled to rt, concentrated under reduced pressure, diluted
with water {5 mb} and acidified with 1A HCl to pH 4.5-—5.0. The precipitated solids were collected
by filtration, washed with water and dried under high vacuun to give 2-{4-(6-{(5,7-dimethoxy-4-
oxo-3,4-dihydroguinazolin-2-yiipyridin-2-yl}piperazin-1-yljacetic acid {0.135 g, 91%]} as a yeliow
solid: mp 225 °C dec.; "H NMR {400 MHz, DMSO-dg) § 11.08 {s, 1H}, 7.72~7.79 {m, 1H}, 7.67-7.72
{m, 1H), 7.07 {d, / = 8.59 Hz, 1H}, 6.78 {d, J = 1.56 Hz 1M}, 6.58 {d, /= 1.56 Hz, 1H} 3.91 (s, 3H), 3.86
(s, 3H), 3.63-3.74 {m, 4H), 3.23 (s, 2H), 2.65-2.74 {m, 4H}; ESI MS m/z 426 [M+H]'.

Example 11 3-{4-{6-{5,7-Dimethoxy-4-oxo-3,4-dihydroguinazolin-2-yljpyridin-2-yl}piperazin-1-

yilpropanoic acid

/-O - ;_‘,‘--‘13\\<\ o N\\ “
L :
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[G00166] To a stirred suspension of methy! 3-{piperazin-1-yl}propanocate dihydrochloride
{0.358 g, 1.46 mmol} and 2-{6-fluoropyridin-2-y}}-5,7-dimethoxyquinazolin-4{3h}-one {0.220 g, 0.73
mmol) in dry DMSO (1.5 mb) was added 1,1,3,3-tetramethylguanidine {0.336 g, 2.92 mmol}. The
resufting mixture was heated at 85 °C for 5 h. After that time the reaction was cooled to 1, diluted
with water {20 mi} and exiracted with ethyl acetate (3 x 25 mL}. The organic phase was washed
with water and brine, dried over sodium suifate, filtered and concentrated under reduced
pressure. The product was purified by flash column chromatography {silica gel, 891
dichicromethane/methanol to 97:3 dichloromethane/methanol} to give methyl 3-{4-{6-{5,7-
dimethoxy-4-oxo-3 4-dihydroguinazolin-2-yl)pyridin-2-yl}piperazin-1-yijpropancate {(.220 g, 56%)
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as an off-white solid: 'H NMR {400 MHz, CDCLY & 10.31 (s, 1M}, 7.85 {d, S = 7.42 Hz, 1H)}, 7.62-7.70
{m, 1H), 6.79-6.85 {m, 2H), 6.48 {d, J = 2.34 Hz, 1H}, 3.99 {5, 3H}, 3.94 {5, 3H}, 3.72 {5, 3H}, 3.59~
3.67 {m, 4H), 2.75-2.83 {m, 2H), 2.54-2.66 {m, 6H); ESI MS m/z 454 [M + HI".

[000167] To a solution of methy! 3-{4-(6-{5,7-dimethoxy-4-oxo-3,4-dihydroguinazolin-2-
yhipyridin-2-ylipiperazin-1-yljpropanocate {0.200 g, 0.44 mmol} in THF {10 mL), water {5 mi} and
methano! {3 mL) was added lithium hydroxide {0.053 g, 2.21 mnol}. The reaction was stirred for 2
h at rr. After that time the reaction was concentrated under reduced pressurs, diluted with water
{5 mL} and acidified using 1N HCl to pH 4.5-5.0. The precipitated solids were collected by filtration,
washed with water and dried under high vacuum to give 3-{4-{6-{5,7-dimethoxy-4-ox0-3,4-
dihydroguinazolin-2-yljpyridin-2-yl}piperazin-1-yhpropanoic acid {0.160 g, 83%] as a yeilow solid:
mp 241 “C dec,; "H NMR (400 MHz, DMSO-dg} § 11.15 {5, 1H}, 7.68~7.80 {m, 2H), 7.09 {d, S = 8.20
Hz, 1H), 6.78 {d, J = 1.85 Hz, 1H), 6.58 {d, J = 1.95 Hz, 1H}, 3.91 {5, 3H}, 3.86 {s, 3H}, 3.73 {br 5, 4H},
2.77-2 85 {m, 2H), 2.73 {br s, 4H), 2.55 (3, f = 7.22 Hz, 2H); £81 MS my/z 440 [M + H]™,

Example 13: 2-{5-{2-{isopropylamino}ethoxy}-6-{4-isopropyipiperazin-1-yijpyridin-2-yi}-5,7-
dimethoxyqguinazolin-4{34}-one bis{trifluoroacetate}

!

=t

«2 CF,COCH

[000168] PBr; {0,160 mi, 1.70 mmol} was added dropwise to a solution of 2-{5-{2-
fydroxyethoxy)-6-{4-isopropylpiperazin-1-ylipyridin-2-vl}-5,7-dimethoxyquinazolin-4{3H}-one {0.40
g, 0.85 nunol} in N N-dimethylformamide {10 mi} under nitrogen. The resulting mixiure was
heated at 60 °C for 2 h. After that time the reaction was cooled to rt and concentrated under
reduced pressure and re-dissolved in chloroform {12 mL). Isopropylamine {4 mL} was added and
the resulting mixture was heated at 50 °Cin a sealed tube for 24 h. After that time the reaction was
cooled to 1t and concentrated under reduced pressure. The product was purified by Hash column
chromatography {silica gel, 90:10:0.8 dichioromethane/methanol/ammonium hydroxide} followed
by preparative HPLT {0.1% trifluoroacetic acid in acetonitrile/water} to give 2-(5-(2-
lisopropylamino)ethoxy}-6-(d-isopropylpiperazin-L-yl}pyridin-2-yl}-5,7-dimethaxyquinazolin-4{34}-
one bis{trifluoroacetate) (0.056 g, 9% as a yeliow solid: mp 186-183°(C; M NMR (400 MHz, DMSO-
ds) 8 11.07 {brs, 1H), 9.56 {(br s, 1H), 8.74 {br 5, 2H}, 8.01 {d, / = 8.8 Hz, 1H}, 7.59{d, /= 8.4 Mz, 11},
6.75{d, f=2.4Hz, 1H), 6.57 {d, /= 2.4 Hz, 2H), 4.48 {d, /= 11.6 Hz, 2H}, 4.37 {dd, = 4.4, 5.2 Mz,

S



WO 2014/080290 PCT/IB2013/003122

2H), 3.91 (s, 3H), 3.86 {5, 3H), 360-3.40 {m, 5H), 3.23-3.10 {m, 4H), 1.31 (d, J = 6.8 Hz, 6H), 1.28 (d,
J= 6.4 Hz, 8H): F NMR (376 MHz, DMSO-de} & ppm -73.80; ESI MS my/z 511 IM + K]

Example 13: 2-{5-{2-Hydroxyethoxy}-6-{¢-isopropyipiperazin-1-yljpyridin-2-vi}-5,7-

dimethomyquinazolin-4{3M}l-one acetate

'\ > \:T‘Q TN (I
R N e e
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[000168] To a mixture of (5-bromo-5-{2-{{teri-butyldimethylsilylloxylethoxy}pyridin-2-
yiimethanol {2.18 g, 6.0 mmol}, 1-isopropylpiperazine {8.52 g, 7.2 mmiol}, BINAP {0.37 g, 0.6 mmaol},
and 05,00, {3.18 g, 3.0 mmal} in nitrogen saturatad toluens {40 mi} was added paifadium{li}
acetate {0.13 g, 0.6 ramol}. The resulting mixture was heated at 100 °C for 18 h. After that time the
reaction was cooled to rf, diluted with brine and extracted with ethyi acetate. The organic phase
was dried over Na,S0, and concentrated under reduced pressure. The product was purified by
fiash column chromatography {silica gel, 95:5 dichloromethane/methanol to 80110
dichioromethane/methanol} 1o give {5-(2-{{tert-butyldimethylsilyljoxylethoxy}-6-{(4-
isopropylpiperazin-1-yhpyridin-2-ylimethanol (1.07 g, 44%)] as a sticky yellow solid: L NIVIR {400
MHz, €DCK): 8 7.05 (d, = 7.6 Mz, 1H), 6.66 {d, / = 8.0 Hz, 1H}, 4.59 {5, 2H}, 4.06-3.97 {m, 4H}, 3.53
{hr s, 4H}, 2.68 {m, 5H), 1.10 (d, J = 6.4 Hz, 6H), 0.90 (s, 9H}, 0.09 {5, 6H}.

(000170} To a solution of {5-{2-{{tert-butyidimethylsilyljoxylethoxy}-6-{4-
isopropylpiperazin-T-ylipyridin-2-ylimethanol {1.07 g, 2.61 mmol} in 1,2-dichloroethane {20 ml}
under nitrogen was added 2-iodoxybenzoic acid {0.38 g, 3.14 mmol} at 1. The reaction mibdure was
stirred at 80 °C for 1.5 h. After that time the reaction was cocled to rt and concentrated under
reduced pressure, The product was purified by flash column chromatography {silica gel, 85:5
dichloromethane/methanol} to give 5-{2-{{tert-butyldimethyisityljoxyjethoxy}-6-{4-
isopropylpiperazin-1-ylipicolinaldehyde {0.63 g, 59%) as a brown solid: HNMR (400 MHz, CDCL) S
9.85 (s, 1H), 7.59 (d, J = 8.4 Hz, 1M}, 7.17 {d, [ = 8.0 Hz, 1H)}, 4.19-4.15 {r, 21}, 4.02-3.88 {m, 6H),
3.56-3.48 {m, 1H), 3.20 (brs, 4H), 1.37 {d, /= 6.4 Hz, 6K}, 0.90 (s, 9H), 0.08 (s, 6H); ESE M3 m/z 408
M+ HT

[000171] To a solution of Z-amino-4,6-dimethoxy-benzamide {0.302 g, 1.54 mmaol} in N, N-
dimethylacetamide (10 mbL}) was added 5-[2-{tert-hutyl-dimethylsilanyloxy}-ethoxy}-6-{4-
methanesulforyl-2-trifluoromethyh-phenyl)-pyridine-2-carbaldehyde {0.630 g, 1.54 mmol} followed

by NaHSO, (0.321 g, 3.08 mmol) and p-toluenesulfonic acid monohydrate {0.293 g, 1.54 mmol}.

{841
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The resulting mixture was heated at 120 °C for 20 h. After that time the reaction was cooled to 1t
concentrated under reduced pressure and diluted with water. Saturated Na,C0O; was added to
adjust the pH to 8-10. The precipitated solids were collected by filtration, washed with water and
dried under vacuum. The product was purified by flash column chromatography {silica gel, 8011001
dichloromethane/methanol/ammonium hydroxide] to give 2-{5-{2-hydroxyethoxy}-6-{4-
isopropyipiperazin-1-ylpyridin-2-yl}-5, 7-dimethoxyquinazolin-4{3+}-one {0.47 g, 65%) as a sticky
yellow solid: 'H NMR {400 MHz, CDCly): 8 10.22 {br s, 1H)}, 8.07 {d, J = 8.0 Hz, 1H), 7.23 {d, /= 8.4 Hz,
1H), 6.78 {d, J = 2.4 Hz, 1H), 6.45 {d, S = 2.4 Hz, 1H}, 4.21 {dd, J = 4.0, 4.4 Hz, 2H}, 3.98 {5, 34}, 3.93
(s, 3H), 3.55-3.53 {m, SH}, 2.76-2.72 {m, 6H), 1.11{d, J = 6.8 Hz, 6H}; ESIMS m/z 470 [M + H]".

{000172] A sample of 2-(5-{2-hydroxyethoxy}-6-{4-isopropylpiperazin-1-yipyridin-Z-yl}-
5,7-dimethoxyquinazolin-4{3H}-one {0.050 g, } was further purified by preparative HPLC {0.1%
farmic acid in acetonitrile/water) to give 2-{5-{2-hydroxyethoxy}-6-{4-isopropylpiperazin-1-
yilpyridin-2-yl}-5,7-dimethoxyquinazolin-4{3+)-one formate (0.026 g, 52%) as a yellow solid: mp
138138 °C; 'H NMR {400 MHz, DMSO-dg): 8 10.62 {br s, 1H), 8.29 (s, 1H), 7.89 {d, /= 8.4 Hz, 1H)},
7.43{d, S= 8.8 Hz, 1H), 6.75 {d, J= 2.4 Hz, 1H), 6.54 {d, J = 2.4 Hz, 1H}, 4.12 {t, J = 4.8 Hz, 2H}, 3.90
{5, 3H), 3.85 {5, 3H), 3.78 {t, S = 4.8 Hz, 2H), 3.56-3.30 {m, 8H}, 2.72~2.66 {m, 1H}, 2.62-2.58 {m,
2HY, 1.02 {d, S = 6.8 Hz, 6H); ESIMS m/z 470 [M + Hl"

Example 14: 2-{6-{4-lsopropyipiperazin-1-yi}-S-methoxypyridin-2-yi}-5,7-dimethoxyguinazolin-
4{3H}-one

{000173] To a solution of 2-bromo-6-{hydroxymethylipyridin-3-0i {2.04 g, 10 mmoi} and
K00, {2.07 g, 15 mimol} in acetone {50 mi} was added lodomethane (1.84 g, 13 mmol} at rt. The
reaction mixture was refluxed for 4 h. After that time the reaction was cooled to rt, filtered to
remove solids and concentraied under reduced pressure to give {6-brome-5-methoxypyridin-2-
yiimethanol {3.42 g, >99%]) as a white solid: YH NMR (400 MHz, CDC): § 7.25 {d, /= 8.0 Hz, TH),
7.6 (d, J = 8.4 Hz, 1H), 4.70 (s, 2H)}, 3.93 (s, 3H), 2.78 {br 5, 1H).

[000174] To a solution of {6-broma-S-methoxypyridin-2-ylimethanol {2.30 g, 10 mmol} in
dichioromethane {50 mi) was added MnO, {3.0 g} at rt. The reaction mixture was stirred at vt for
24 h. After that time the reaction was cooled to rt, filtered to remove solids and concentrated

under reduced pressure to give 6-bromo-5-methoxypicolinaidehyde {1.35 g, 63%]) as an off-white
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solid: *H NMR (400 MHz, CDCL): 8 9.94 {s, 1H), 7.96 (d, /= 8.4 Hz, 1H), 7.27 {d, / = 8.0 Hz, 1H}, 4.03
{5, 3HL

[000175] To a solution of 2-amino-4,6-dimethoxy-benzamide {1.23 g, 6.25 mmol} in NN~
dimethylacetamide (100 mL) was added 6-bromo-5S-methoxypicolinaldehyde {1.35 g, 1.2 mmol]}
followed by NaH50; {0.98 g, 9.38 mmaol) and p-toluenesulfonic acid monohydrate {1.19 g, 6.25
mmol). The resulting mixture was heated at 130 °C for 20 h. After that time the reaction was
cooled to ri, concentrated under reduced pressure and diluted with saturated Na,C0s. The
precipitated solids were collected by filtration, washed with water and dried under vacuum. The
product was purified by flash column chromatography {silica gel, 99:1 dichloromethang/methanol}
foliowed by trituration with ethyl acetate to give 2-{6-bromo-5-methoxypyridin-2-y1}-5,7-
dimethoxyquinazolin-4{3H}-one {1.27 g, 52%) as a white solid: Y NMR {400 MHz, DMSO-dg): 8
11.03 {brs, 1H),8.32 {d, /= 8.4 Hz, 1H), 7.72 {d, /= 8.8 Hz, 1H}, 6.76 {d, /= 2.0 Hz, 1H}, 6.56 {d, /=
2.4 Hz, 1H}, 4.00 {s, 34}, 3.90 (s, 31}, 3.85 {s, 3H}.

[G00176] To a mixture of 2-{6-bromo-5-methoxypyridin-2-yl}-5,7-dimethoxyguinazolin-
4{3H)-one {0.196 g, 0.50 mmol}, 1-isopropylpiperazine {0.077 g, 0.60 mmol), BINAP {0.062 g, 0.10
mmol), and C5,C0; {0.652 g, 2.0 mmol) in nitrogen saturated dioxane {10 ml} was added
paltadium{l} acetate {0.022 g, 0.10 mmeol}. The resulting mixture was heated at 100 *Cfor 3 b,
After that time the reaction was cooled to rt, diluted with dichioromethane {100 mL} and washed
with water {20 mL). The organic phase was dried over Na,50, and concentrated under reduced
pressure, The product was purified by flash column chromatography (silica gel, 90:10:0.1
dichloromethans/methanol/ammonium hydroxide} to give 2-{6-{4-isopropylpiperazin-1-yi}-5-
methoxypyridin-2-y}-5,7-dimethoxyquinazolin-4{3H}-one {(.055 g, 25%] as a pale yellow solid: mp
208-210 °C; 'H NMR (400 MHz, CDCL): 8 10.23 {brs, 1H}, 8.08 {d, /= 8.0 Hz, 1H), 7.17 {d, 1= 8.0 Hz,
1H), 6.79 {d, J= 2.4 Hz, 1H), 6.45 {d, S = 2.4 Hz, 1H), 3.98 (5, 3H), 3.95 {5, 3H}, 3.93 (s, 34}, 3.56 {br s,
4H), 2.78 {br s, SH), 1.15 {d, J = 5.6 Hz, GH); ESI MS m/z 440 [M + HI.
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Example 15: 5,7-Dimethoxy-2-{8-{4-methyipiperazin-1-ylipyridin-Z-yljguinazolin-4{3#}-one
Hydrochloride

OF R‘“ " : R e , e \‘ o ":»‘.';-:;" {‘: _..v..-,.\,\‘[ i NaRS 03, p-TS CH
e DMA, 106 °C
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Example 15

[000177] Preparation of 6-{4-Methylpiperazin-1-yvijpicolinaldehyde {3). A suspensionof6-
bromopicolinaldehyde (1.50 g, 8.10 mmol), 1-methylpiperazine {2, 4.04 g, 40.0 mmol}, potassium
carbonate {4.46 g, 32.0 mimol} and anhydrous CH;CN {10 mL) was placed in a sealed vessel and the
mixture was heated at 110 °C for 17 h. The mixture was diluted with water {30 mi} and brought to
pH 7 using 2 N ag. HCI {15 ml}. The resulting sohution was extracted with CHCh {3 = 50 mi} and
the combined exiracts were washed with brine {200 mL). The solution was dried {Na;S0,), filtered,
concentrated and purified by silica gal chromatography eluting with 0-5% CH;OH In CHxCL to
afford the title compound {0.528 g, 32%) as an orange oil: 1 NMR {500 MHz, CDCIL) 8§ 9.84 {s, 1H),
7.62 {1, 4= 8.0 He, 1H), 7.27 {d, 4 = 7.0 Hz, 1H), 6.85 {d, / = 7.0 Hz, 1H), 3.67-3.65 {m, 4H), 2.55-2.52
{rn, 4H}, 2.36 {s, 3H).

{000178] Preparation of 5,7-Dimethoxy-2-{6-{4-methyipiperazin-T-yiipyridin-2-
yiiguinazolin-4{3H)-one Hydrochloride (Example 15}, 2-Amino-4,6-dimethoxybenzamide {4, 200
mg, 1.02 mol), 6-{4-methyipiperazin-1-ylipicolinaldehyde (3, 231 mg, 1.12 mmol}, para-
toluenesulfonic acid {466 mg, 2.45 mmol), sodium hydrogen sulfite {297 mg, 2.85 mmol} and
anhydrous N N-dimethylacetamide {12 mb) were mixed in a sealed tube and heated at 110 "Cfor
17 h. The soivent was remaoved in vacuo, the residue was dissolvad in methanol {20 mi} and
DOM:CHOH:ag. NH,OH {80:318:2, 20 mL) and the contents were adsorbed onto silica gel {5 g). The
adsorbed material was purified by silica gel chromatography eluting with 0-50% DOM:CHOHag.
NH,OH {20:18:2) in CH,CL then using preparative HPLC. After concentration, 5 N ag. HCH {3 ml)
was added and the suspension was concentrated in vocuo and placed in a drying oven at 50 "Cfor

17 h to afford the title compound {0.127 g, 25%) as an off-white solid: 'H NMR (500 MHz, CD,0D) 8
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7.97-7.95 (m, 1H), 7.82 {d, J = 7.5 Hz, 1H), 7.39 {d, J = 8.5 Hz, 1H), 7.20{d, /= 2.0 Hz, 1H}, 6.79 (d, /
= 2.0 Hz, 1H), 4.82 (d, § = 14.5 He, 2H), 4.00 {5, 34}, 3.99 {s, 3H), 3.67 {d, J = 12.5 Mz, 2H}, 3.48-3.42
{m, 2H), 3.31-3.24 {m, 2H), 3.00 {5, 3H); ESIMS m/z 382 [M + HY'.

Example 16: Preparation of 5, 7-Dimethoxy-2-{6-morpholinopyridin-2-yliquinazolin-4{3H}-one

Hydrochioride
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Example 18

(000179] Preparation of 6-Morpholinopicolinaldehyde {8): Following the method
described for 3 above {see Example 15}, compound 6 was made from morpholine {5} in 34% yield:
44 NMR {500 MHz, CDChL) 6 9.89 (s, 1H), 7.67-7.65 {r, 1H), 7.31{d, /= 7.0 Hz, 1H}, 6.84 {d, /= 8.5
Hz, 1H), 3.86-3.84 {m, 4H), 3.62-3.60 {m, 4H}.

[000180] Preparation of 5, 7-Dimethoxy-2-{6-morphoiinopyridin-2-ylguinazolin-4{3H}-one
Hydrochloride {Example 18} Following the method described for Example 15 above, Example 16
was made from 6-morpholinopicofinaidehyde {8} in 21% vield: "H O NMR {500 MHz, DMSO—ds) 6 11.0
{brs, 1H), 7.77 (t, f = 7.5 Mz, 1H), 7.72 {d, J = 7.0 Hz, 1H), 7.06 {d, J= 8.5 Hz, 1}, 6.77 (¢, = 2.0 Hz,
1HY, 6.57 {d, S = 2.0 Hz, 1H), 3.90 (s, 3H), 3.86 (s, 3H}, 3.75-3.73 {m, 4H), 3.63-3.61 (m, 4H}; ESIMS

94
[¥s]



WO 2014/080290 PCT/IB2013/003122

Example 17: Preparation of 2-{6-{4-Isopropylpiperazin-1-yl}pyridin-2-yi}-5,7-

dimethoxyquinazolin-4{3H}-one Hydrochloride
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Example 17

[000181] Preparation of 6-{4-isopropyipiperazin-1-ylipicolinaidehyde {8%: Foliowing the
method described for 3 above {see Example 15}, compound 8 was made from 1-
isaopropylpiperazine {7} in 22% vield: Y ONMR (500 MHz, CDCL) 8§ 9.89 {s, 1H), 7.60 {t, J= 7.5 Hz,
1H), 7.27 {d, J = 7.0 Hz, 1H), 6.84 {d, J = 8.5 Hz, 1H), 3.66-3.64 {m, 4H), 2.74 {sept, 1H}, 2.66-21.64
{m, 4H}.

I000182] Preparation of 2-{6-{4-1sopropylpiperazin-1-yl}pyridin-2-yi}-5,7-
dimethoxyguinazolin-4{3#}-one Hydrochloride {Example 17} Following the method described for
Example 15 above, compound Example 17 was made from &-{4-isopropylpiperazin-1-
ylipicolinaidehyde {8} in 23% yield: HONMR (500 MHz, DMSO-de} 8 10.7 {brs, 1H), 7.83 {1, /=75
Hz, 1H), 7.78 {d, = 7.5 Hz, 1H), 7.17{d, /= B.O Mz, 1H}, 6.79 {d, /= 2.0 Hz, 1H}, 6.5 {d, /= 2.0 Hz,
1H), 8.76-4.72 {m, 2H}, 3.90 {s, 3H), 3.87 {5, 3H), 3.53-3.51 {m, 3H), 3.41-3.36 {m, 2H), 3.10~3.06
{m, 2K}, 1.33{d, J = 7.0 Hz, 6H}; ESIMS m/z 410 [M + HI".
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Example 18: Preparation of 5,7-Dimethoxy-2-{6-{4-{methylsulfonylipiperazin-1-yljpyridin-2-
vilguinazolin-4{34}-one Hydrochloride
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Exampie 18

1000183] Preparation of 6-{4-{Methylsulfonylipiperazin-1-yljpicolinaldehyde {10} A
suspension of 6-bromaopicolinaldehyde {1.50 g, 8.10 mmol), 1-{methylsulfonylipiperazine {3, 5.30g,
32.2 mmol), potassium carbonate {4.45 g, 32.2 mmol) and anhydrous DMF {10 mi} was placed in a
sealed vessel and the mixture was heated st 120 °C for 20 h. The mixture was diluted with water
{50 mt} and brought to pH 7 using 2 N ag. HCEH {15 ml}. The resulting solution was extracted with
CH,Chy {3 % 50 mb) and the combined extracts were washed with brine (200 mb}. The solution was
dried {MgSQ,), filtered, concentrated, and purified by silica gel chromatography eluting with 0-3%
CHLOH in CH,Ch to afford the title compound {0.441 g, 20%j) as an orange oil: M NMR {500 MHz,
COCLY 6 9.90 (s, 1M}, 7.67 {t, J= 8.0 Hz, 1H), 7.34 {d, S = 7.0 Hz, 1H}, 6.89 {d, J = 8.5 Hz, 1H), 3.80~
3.78 {m, 4H), 3.37-3.33 {m, 4H), 2.81 {s, 3H).

[000184] Preparation of 5,7-Dimethoxy-2-{6-{4-{methylsulfonylipiperazin-T-yl}pyridin-2-
yilquinazolin-4{3H)-one Hydrochloride {Example 18} Following the method deseribed for Example
15 above, Example 18 was made from &-{4-{methylsuifonylipiperazin-l-ylipicolinaldehyde {18} in
11% vield: *H NMR (500 MHz, DMSO~dg} 6 7.81~7.78 {m, 1H}, 7.75-7.54 {m, 11}, 7.14 {d, /= 8.0 Hz,
THY, 6.83 {d, /= 2.0 Hz, 1H), 6.59 (¢, § = 2.0 Hz, 1H), 3.91 {s, 3H), 3.87 {s, 3H}, 3.83-3.81 {m, 4H)},
3.24-3.22 {m, 4H}, 2.92 {5, 3H); ESIMS m/z 446 M + HI™.
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Example 19: Preparation of 5,7-Dimethoxy-2-{6-{&-propionylpiperazin-1-yljpyridin-2-
vilquinazelin-d{3+}-one dihydrochioride
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Example 19

[000185] Praparation of Benzyl 4-propionyipiperazine-1-carboxylate {17} A solution of
henzyl piperazine-1-carboxylate {18, 10.0 g, 45.4 mmol}, triethylamine {6.89 g, 68.0 mmol} and dry
CH,Ch {150 mi) was cooled to 0 °C and propiony] chioride {4.62 g, 50.0 mmol} was added dropwise
over 10 min. The reaction was kept under nitrogen and allowed to warm to room temperature.
After stitring at rt for 17 h, water {50 mi} was added and the agueous layer was extracted with
CH,Ch {2 x 50 mL). The solution was dried over Na,50,, filtered and concentrated to a yellow oil.
The product was purified by sifica gel chromatography sluting with 0-3% CHOH in CH,Ch to afford
the title compound {9.08 g, 72%) as a clear, colorless oil: 'H NMR {500 MHz, CDCL) 8 7.40-7.30 {m,
5H), 5.15 {s, 2H}, 3.70-3.35 {m, 8H}, 2.35 (g, J = 7.5 Hz, 2H), L.15 {1, /= 7.5 Hz, 3H).

[000186] Preparation of 1-{Piperazin-1-vljpropan-1-one {18}: A Parr shaker bottle was
charged with a suspension of benzyl 4-propionylpiperazine-1-carboxylate {186}, 10% palladium on
carbon, 50% wet {300 mg) and absolute ethanel {100 mL}). The Parr bottle was filled with 20 psi of
hydrogen and shook for 3 hat rt. The resulting suspension was filtered through Celite and
concentrated to yield the title compound {4.31 g, 93%) as a clear, colorless oil: Y NMR {500 MHz,
COCHL) 6 3.75-3.63 {m, 2H), 3.48-3.42 {m, 2H), 2.87-2.80 {m, 4H), 2.34 {g, J = 7.5 Hz, 2H}, 1.98 {br s,
1H), 1.15 {t, J = 7.5 Hz, 3H).

{000187] Preparation of 6-{4-Propionyipiperazin-i-ylipicolinaldehyde {18} Vo a high-

pressure tube was added 6-bromopicolinaldehyde {1, 2.00 g, 10.7 mmol), 1-{piperazin-1-yljpropan-

&2
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1-one {18, 3.82 g, 26.9 mmol}, potassium carbonate {6.69 g, 48.4 mmol} and anhydrous DMF {12
mi). The tube was sealed and the reaction mixture was heated at 120 °Cfor 17 h. The reaction
suspension was poured into water {100 mi) and the mixture was brought to pH 7 using 2 N aq. HCU
{20 mL). The solution was extracted with CH,Ch (3 x 100 mi), washed with brine (300 mi}, dried
over Na,S0,, filtered and concentrated to a brown oil. The product was purified by silica gel
chromatography eluting with 0-5% CHyOH in CH,Ch to afford the title compound {0.815 g, 31%) as
an orange solid: 'H NMR (500 MHz, CDCLY 5 8.89 {5, 1H), 7.68 {t, J = 8.0 Hz, 1H}, 7.33 {d, f= B.O Hy,
1H), 6.84 {d, J = 8.0 Hz, 1H}, 3.84-3.73 {m, 2H}, 3.68~3.59 {m, 2H}, 2.40 {g, J = 7.5 Hz, 2H), 1.19 (¢,
= 7.5 Hz, 3H).

[000188] Preparation of §,7-Dimethoxy-2-{6-{4-propionylpiperazin-1-yhpyridin-2-
yhiguinazolin-4{3H)-one dihydrochloride {Example 19} Following the method described for
Exaraple 15 above, Example 18 was made from 5-{4-propionyipiperazin-1-yi}picolinaldehyde {18)
in 15% vield: 'H NMR {500 MHz, CD400) 8 7.91 {t, /= 8.0 Hz, 1H), 7.70 {d, /= 7.5 Hz, 1H}, 7.31{d, /=
8.5 Hz, 1H), 7.10 {d, 4 = 2.0 Hz, 1H}, 6.83 {d, J = 2.0 Hz, 1H}, 4.02 {s, 3H}, 4.01 {5, 3H}, 3.90-3.72 {m,
8H), 2.51 {q, /= 7.5 Hz, 2H), 1.17 (1, S = 7.5 Hz, 3HY; ESIMS m/z 424 [M + H]"

Example 20: Preparation of 2-(3-{4-Isopropyipiperazin-1-yi}-5-{trifluoromethoxyjphenyl}-5,7-

dimethoxyguinazolin-4{3M4}-one

Example 28

[000188] Preparation of 2-{3-Bromo-S-{triflucromethoxy}phenyl}-1,3-dioxolane {21} A
solution of 3-bromeo-5-trifluoromethoxybenzaldehyde (20, 2.00 g, 7.43 mmol}, ethylene glycol {2.31
g, 37.2 mmol}, poro-toluenesulfonic acid {50 mg, 0.28 mmol} in anhydrous toluene {50 mij was
refluxed using a Dean-Stark apparatus for 3 h. The solution was concentrated and the product

purified by silica gel chromatography eluting with 0-10% £t0Ac in hexanes to afford the title
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compound {1.25 g, 54%) as a clear, colorless oil: Y4 NMR {500 MHz, CDClg) 8 7.57 {1, /= 1.5 Hz, 1H]},
7.37 (s, 1H), 7.28 (s, 1H}, 5.79 {5, 1H), 4.12-4.01 {m, 4H).

0001801 Preparation of 1-{3-{1,3-Dioxolan-2-yi}-5-{trifluoromethoxy}phenyl}-4-
isopropylpiperazine {22} Tris{dibenzylidensacetonejdipalladium{0} {363 mg, 0.396 mmol} was
added to a suspension of 2-{3-bromo-5-{trifluoromethoxy)phenyi}-1,3-dioxolane {21, 1.24 g, 3.96
numol), isopropylpiperazine {610 mg, 4.75 mmol}, racemic-2,2'-bis{diphenylphosphino}-1,1-
binaphthyt {rac-BINAP, 345 mg, 0.554 mmol), cesium carbonate {2.58 g, 7.92 mmol} and anhydrous
toluene {50 mi). The mixture was placed under nitrogen and heated to 100 °Cfor 17 h. The
solvent was removed in vacuo and methanol (30 mi} and silica gel {30 g) were added. After
removing the methanol the adsorbed crude product was purified by silica gel chromatography
eluting with 0-60% EtQAC in hexanes to afford the title compound {996 mg, 70%] as an orange ofl:
4 NMR (500 MHz, CDCly) 6 6.93 (5, 1H), 6.78 {5, 1H), 6.68 {5, 1H}, 5.77 {5, 1H), 4.17-3.99 {m, 4H)},
3.26-3.22 {m, 4H), 2.72 (sept, 1H), 2.68-2.62 {m, 4H)}, 1.08 {d, / = 6,5 Hz, 6H}.

000191 Preparation of 3-{4-Isopropylpiperazin-1-yl}-5-{triflucromethoxyibenzaldehyde
(23} Water {1.3 mL) was added to a suspension of 1-{3-(1,3-dioxolan-2-yi}-5-
{trifluoromethoxy)phenyi}-4-isopropyipiperazine {22, 996 mg, 2.76 mmol) and formic acid {6.71 g,
145 mmol). The mixture was heated to 60 °C for 20 h. Tha reaction mixture was concentrated to 8
brown oil in vocun. The oil was dissolved in EtOAc {100 mL) and the solution was washed with
saturated ag. NaHCO; solution {100 mb) and brine (100 mi}. After drying over Na;S0, the
suspension was filtered and the filtrate concentrated to an orange oil. The residue was purified by
silica gel chromatography etuting with 0-80% EtOAC in hexanes to afford the title compound {608
mg, 70%) as an arange oil: 'H NMR {500 MHz, CDCL) § 9.92 (s, 1H), 6.93 {s, 1H}, 7.31 (s, 1H}, 7.13
(s, 1H}, 6.92 {5, 1H), 3.30-3.28 {m, 4H}, 2.73 {sept, 1H), 2.70-2.64 (m, 4H}, 1.10 {d, J = 6.5 Hz, &H).

[1000192] Preparation of 2-{3-{4-Isopropylpiperazin-1-yi}-5-{triflucromethoxy)phenyl}-5,7-
dimethoxyguinazolin-4{3H}-one (Example 20} Following the method described for Example 15
above, Example 20 was made from 3-{4-isopropyipiperazin-1-yi}-5-
{triflucromethoxyibenzaldehyde {23} in 49% vield: 'H NMR {500 MHz, DMSO—dg} 8§ 12.1 (s, 1H),
7.72 {s, 1H), 7.51 {s, 1H}, 7.01 {5, 1H}, 6.77 {d, # = 2.0 Hz, 1H}, 6.55 {d, /= 2.0 Hz, 1H), 3.90 {5, 3H),
3.87 (s, 3H), 3.35--3.28 {m, 4H), 2.70 {sept, 1H), 2.61-2.56 {m, 4H), 1.02 {d, J = 6.5 Hz, 6H). ESIMS

mfz 493 [+ HY
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Fxample 21: Preparation of 7-Fluore-2-{6-{4-Isopropyipiperazin-1-yilpyridin-2-yi}-5-

methoxyguinazolin-4{3H}-one Hydrochloride

Example 21

{000193] Preparation of 5,7-Difluoro-2-{6-{4-isopropylpiperazin-1-ylpyridin-2-
yilquinazolin-4{3H)-one {8} A mixture of 2-amino-4,6-diflucrobenzamide {7, 330 mg, 1.70 mmol},
6-{4-isopropyipiperazin-1-yiipicolinaldehyde {8, Scheme §, 330 mg, 1.42 mmai}, p-toluenesutfonic
acid {530 mg, 3.12 mmol}, NaHS0; {370 mg, 3.55 mmel} and DMA {15 mLj was heated for24 hat
110 °C under nitrogen. The mixture was partitioned between water {25 mb) and CHC, (25 mb)
and shaken vigorousty. The layers were separated and the organic phase was dried over sodium
sulfate and filtered. The solvent was removed under reduced pressure and the residue was purified
by silica gel chromatography eluting with 0-5% MeOH in CH,C; to provide the title compound {112
mg, 20%): "H NMR (500 MHz, CDCL) § 10.58 {s, 1H), 7.85 (d, f = 7.3 Hz, 1H}, 7.67 {dd, /= 7.3, 85 Hz,
1H), 7.30-7.26 {m, 1H}, 6.93-6.89 {m, 1H), 6.86 {d, J = 8.5 Hz, 1H}, 3.69-3.60 {m, 4H}, 2.82-2.73 {m,
1H}, 2.71-2.66 {m, 48}, 1.12 {s, 3H}, 1.11 {5, 3H}.

[000134] Preparation of 7-Fluore-2-{6-{4-isopropylpiperazin-T1-yljpyridin-2-yi}-5-
methoxyguinazolin-4{3H}-one Hydrochioride {Example 21} To a solution of 5, 7-difluoro-2-{6-{4-
isopropyipiperazin-1-ylipyridin-2-yllguinazolin-4{3H}-one (8, 44 mg, 0.11 mmol) and MeOH {5 mL}
was added NaOMe {25% solution in MeQH] at room temperature. After stirring overnight, the
solvent was removed under reduced pressure and the residue partitioned between water and
CH,Clo. The organic phase was dried over sodium sulfate and filtered. The solvent was removed
under reduced pressure and the residue was purified by preparative HPLE foliowed by treatment
with agueous HCI to provide the title compound {7.5 mg, 17%) as an white solid : 'HNMR {500
MHz, CD,0D} 6 7.90 {d, J = 7.2 Hz, 1H), 7.82 {dd, J= 7.4, 8.3 Hz, 1H), 7.14 {d, /= 8.4 Hz, 1H), 7.06~
£.99 {m, 1H), 6.93-6.85 {m, 1H), 4.79-4.66 {m, 2H}, 3.98 {s, 3H), 3.71-3.56 {m, 3K}, 3.29-3.19 {m,
34}, 1.44 {5, 3H), 1.43 (s, 3K); £51 MS m/7 398 [M + H]".

05
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Example 22: Preparation of 7-{Benzyloxy)-2-{6-{4-isopropylpiperazin-1-ylipyridin-2-yi}-5-

methoxyguinazolin-4{3H}-one Hydrochloride

Example 23 o Fxamyple 22

[000185] Preparation of 7-(Benzyioxy}-2-(6-{4-isopropylpiperazin-1-yl}pyridin-2-y1}-5-
methoxyquinazalin-4{34}-one Hydrochloride {Example 22} To a mixture of NaH {58 mg, 1.44
mmol} and DMSO {2.0 mi) at room temperature was slowly added a solution of benzyl alcohol (173
mg, 1.6 mmol} in DMSG {3.0 mL). After stirring the mixture for 20 min, a solution of 7-fluero-2-{6-
{4-isopropyipiperazin-1-yijpyridin-2-y1}-5-methoxyquinazolin-4{3H}-one (8, 65 g, 0.16 mmol} in
DMSO {3 mL) was slowly added. The reaction mixture was then heated at 80 °Cfor 14 h. The
reaction mixture was cooled to room temperature and water {50 mL} was added. The precipitated
solid was coliected by filtration and purified by silica gel chromatography eluting with §~5% MaOH
in CH,Ch, foliowed by treatment with agueous HCl to provide the title compound {38 mg, 49%) as
an off-white solid: *H NMR {500 MHz, CD,0D) § 7.95~7.88 (m, 1H), 7.83 {d, /= 7.4 Hz, 1H), 7.50~
7.46 (m, 2H), 7.43~7.38 {m, 2H), 7.38-7.33 {m, 1H}, 7.30 {d, J = 8.6 Hz, 1H}, 7.08 {5, 1H}, 6.84 {5,
1H), 5.30 (s, 2H), 4.83-4.77 {m, 2H}, 3.98 {s, 3H}, 3.68-3.57 {m, 3H}, 3.42-3.33 {m, 2H}, 3.29-3.21
{rm, 2H), 1.44 (s, 3H), 1.43 {5, 3H); ESE M5 my/z 486 [M + H]".

Example 23: Preparation of 7-{4-Isopropylpiperazin-1-yl}-2-(6-(4-isopropyipiperazin-1-yljpyridin-
2-yii-5-methoxyquinazolin-4{3H}-one Hydrochloride

o
LIEN

Example 23
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1000196] Preparation of 2-{6-Bromopyridin-2-y}})-5,7-diflucroguinazolin-4{3H)-one {12} A
mixture of 6-bromopicolinaldehyde (2.8 g, 15 mmaol}, 2-amino-4,6-difluorcbenzamide {2.5 g, 10
mmol), p-toluenesulfonic acid {4.2 g, 22 mmol), NaH50; {2.6 g, 25 mmol} and DMA {40 mi) was
heated at 110 °C for 48 h in a sealed tube. The reaction mixture was cooled to room temperature
and partitioned between water and EtOAc {25 mb). The agueocus phase was extracted with BtOAC
{2 » 25 mL). The organic layers were combined, dried over sodium sulfate, filtered and the solvent
was removed under reduced pressure. The product was purified by crystallization {EtOAc} to
provide the title compound {500 mg, 15%): YHNMR {500 MHz, DMSO-de) 8 11.97 {s, 1M}, 8.32 {d, /
=7.7,0.7 Hz, 1H), 8.05-7.96 {m, 1H)}, 7.91 {dd, S = 7.7, 0.7 Hz, 1K), 7.46~7.28 {m, 2H).

[000197] Preparation of 2-{6-bromopyridin-2-yi)-7-fluoro-5-methoxyquinazolin-4{3H}-one
{13} To a mixture of 2-{&-bromopyridin-2-y1}-5,7-difluoroquinazolin-4{3H4)-one {12, 1.05 g, 3.11
mimol} and MeOH {15 mL) was added NaOMe {25% solution, 50 mi} at room temperature. After 24
hours, ancther portion of 25% NaOMe was added (25 mi). After an additional 48 hours at room
temperature, the reaction was quenched with water and the pH adjusted to 7 with 2N HCL The
volume was reduced by half under reduced pressure and the remaining mixture was extracted with
CH,Ch (3 x 250 mL). The combined organic phases were dried over sodium sulfate, filtered and
concentrated under reduced pressure to provide the ttle compound (970 mg, 89%) as an off-white
solid. 'H NMR (500 MHz, CDChL) 6 10.56 (s, 1H), 8.57-8.43 {m, 1H}, 7.79~7.74 {m, 1H), 7.71-7.62
{rn, 1H), 7.09-6.99 {m, 1H), 6.71-6.85 {m, 1H}, 4.02 {5, 3H}.

[000188] Preparation of 7-{4-Isopropyipiperazin-1-yl}-2-{6-{4-isopropylpiperazin-1-
yhpyridin-2-yl}-5-methoxyquinazolin-4{3H4}-one Hydrochloride {Example 23}: A solution of 2-(6-
bromopyridin-2-y1)-7-fluore-S-methoxyquinazolin-4{3H}-one {13, 100 mg, 0.29 mmol} and 1-
isopropylpiperazing {5 mb) was heated at 80 °C for 18 hours. Water {25 mL) was added and the
myixture was extracted with CH.Ch {2 x 25 mL). The combined extracts were dried over sodium
sulfate and filtered. The solvent was removed under reduced pressure and the residue was purified
by sitica gel chromatography 0~10% MeOH in CH;Ch. The product was further purified by
preparative HPLC followed by treatment with aquecus HC to provide the title compound {62 mg,
54%) as a white solid: 1 NMR {300 MHz, CD.0D) § 7.85-7.78 {m, 1M}, 7.78-7.74 {m, 1H}, 7.20~
7.14 {m, 1H), 6.57-6.59 (m, 1H), 4.78-4.66 {m, 1H}, 4.24-4.14 {m, 1H}, 3.93~3.85 {5, 3H}, 3.57-3.36
{m, 16H), 3.19-3.00 {m, 4H}, 1.33 {s, H), 1.32 {s, 6H}; ESE MS m/z 506 [M + H]".
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Example 24: Preparation of intermediate 3-Amino-5-methoxy-{1,1"-biphenyl}-4-carboxamide.
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Example 24

[000189] Preparation of 4-Bromo-2-fluoro-6-methoxybenzonitrile {2): To a solution of 4-
bromo-2,6-difluorobenzonitrile {1, 15.0 g, 69 mmod) in THF {100 mi) at 0 °C was slowly added
sodium methoxide {25% wi in methanol, 14.9 g, 69 mmal} and the mixture was stirred at room
temperature for 16 h. The mixture was concentrated and partitioned between dichloromethane
{500 mi} and water {250 mL). The organic extracts were dried {MgSQ,), filtered, and concentrated.
The residue was purified by silica gel chromatography eluting with ethyl acetate in hexane {0 -
1009%) to afford the title compound {15.2 g, 99%} as a white solid: Y NIVIR {500 MHz, COCL) 6
7.01-6.99 {m, 1H), 6.94 {s, 1H}, 3.96 {5, 1H}.

{000200] Preparation of 3-Fluore-5-methoxy-[1,1-biphenyi}-d-carbonitriie {3} A mibxture
of 4-bromo-2-flusra-6-methoxybenzonitrife {2, 5.22 g, 22.7 mmol), phenyiboronic acid {4.15 g, 34
mimol} and 2 M Na,C0; {23 mL) in toluene {100 ml) was purged with N, Tor 10 min. Pd{PPh,j; (2.62
g, 27.7 mmol) and EtOH {5 drops) were added. The mixture was then heated under N; in a sealed
tube at 80 °C for 18 h. The mixture was cooled to room temperature, diluted with £10A¢ {300 mi],
filtered through celite, concentrated and purified by silica gel chromatography eluting with ethyt
acetate in hexane {{J ~ 100%) to afford the title compound {5.05 g, 87%} as a white solid: 'H NMA
(500 MHz, CHCLY 8 7.57-7.55 {m, 2H), 7.50-7.23 {m, 3H), 7.01-6.99 {m, 1H), 6.93 {5, 1H}, 3.95 (s,
3HL

[000201] Preparation of 3-Amino-S-methoxy-{1,1"-biphenyll-4-carbonitrile {4h A solution
of 3-fluore-5-methoxy-{1,1-biphenyii-4-carbonitrile {3, 4.0 g, 17.6 mmol} in ammonia saturated
DIMSO {100 mL) was heated in an autoclave at 150 °Cfor 18 h. Aftar this time, the mixture was
cooled to room temperature, concentrated and purified by silica gel chromatography eluting with

ethyl acetate in hexane {0 — 100%) to afford the title compound {2.06 g, 52%j as a light yellow
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solid: *H NMR (500 MHz, CBCL) §7.54-7.52 {m, 2H), 7.46~7.43 {m, 2H}, 7.41-7.38 {m, 1H}, 6.52 (d,
J=1.0Hz, 1H), 6.43 {d, /= 1.0 Hz, 1H), 4.43 (br s, 2H}, 3.93 (s, 3H).

[000202] Praparation of 3-Amino-5-methoxy-[1,1-biphenyl]-4-carboxamide {Example 24)
A mixture of 3-amino-S-methoxy-{1,1-biphenyi-4-carbonitrile {4, 0.64 g, 2.86 mmol} and KOH
{1.12 g 20 mmol} in EtOH (24 mi} in a sealed tube was heated at 100 °C for 18 h. Additional KOH
{0.56 g, 10 mmol) was added and heating was continued for another 18 h, After this time, the
mixture was cooled to room temperature, and the pH was adjusted to ~2 by addition of
concentrated HCI. After concentration, the residue was partitioned between ethyl acetate {100
mi) and water {30 mL). The extracts were washed with brine {50 mi}, dried {Na,50,)}, filtered, and
concentrated. The residue was purified by sifica gel chromatography eluting with methano! in
dichloromethane {0~ 20%) to afford the title compound {0.28 g, 40%) as a yellow solid: 1 NMR
{500 MHz, DMSO~de) 8 7.62~7.60 {m, 2H), 7.58 {s, 1H), 7.47-7.44 {m, 2H}, 7.39-7.36 {m, 1M}, 7.28
{5, 1H), 6.61 {d, S = 1.5 Hz, 1H}, 6.56 {5, 2H}, 6.43 {d, J = 1.5 Hz, 1H}, 3.87 {5, 3H}; ESI MS m/2 243 {M
+ HY

Example 25: Preparation of 2-{6-{4-Isopropylpiperazin-1-ypyridin-2-yi}-5-methoxy-7-
phenviguinazolin-4{34}-one

3 5 Example 25

[000203] Preparation of 2-Bromo-6-(1,3-dioxolan-2-yhjpyridine {71 A solution of 6-
bromopicolinaldehyde {8, 10.0 g, 53.8 mmol), ethylene glycol {16.7 g, 26.9 mol}, para-
toluenesuifonic acid {100 mg) in dry toluene (250 mL} was refluxed for 3 h while using a Dean-5tark
apparatus. The solution was concentrated in vacuo and the remaining dark yellow ot was purified
by sifica gel chromatography eluting with 0-40% EtQAc in hexanes to afford the title compound
{10.4 g, 84%; as a clear, coloriess oil: P OMMR (500 MHz, CDCLY 8 758 {, 4= 7.5 He, 1), 7.53-7.44

{m, 2H}, 7.25 {d, J = B.0 Hz, 1H), 5.81 (s, 1H), 4.25-4.03 {m, 4H).

O
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[000204] Preparation of 1-[6-(1,3-Dioxolan-2-yljpyridin-2-yi]-4-lsopropyipiperazine {8} A
mixture of 2-bromo-6-{1,3-dioxolan-2-ylipyridine {7, 0.23 g, 1.0 mmol} and 1-isopropyipiperazine
{0.38 g, 3.0 mmol} in a sealed tube was heated at 120 °C for 18 h. The mixture was cooled to room
ternperature, diluted with ethyl acetate (50 mi}, washed with water {10 ml), brine {10 mt}, dried
{Na;50,), filtered, and concentrated. The residue was purified by sitica gel chromatography eluting
with 0-10% methanol in dichloromethane to afford the title compound {0.15 g, 55%) as a yellow
oi: 'H NMR {500 Mz, CDCL) § 7.51~7.48 {m, 1H}, 6.83-6.82 {m, 1H}, 6.62-6.60 {m, 1H}, 5.72 {5,
1H), 4.18~4.14 {m, 2H}, 4.08-4.04 {m, 2H), 3.58 {brs, 4H}, 2.71 {br s, 1H), 2.62 {bws, 2H}, 1.08(d, S =
5.5 Hz, 6H); ESEMS m/z 278 [M + KT

[000205] Preparation of 6-{4-Isopropylpiperazin-1-yljpicolinaldehyde {8} A mixture of I-
[6-{1,3-dioxolan-2-ylipyridin-2-yi}-4-isopropylpiperazine (8, 8.31 g, 1.1 mmol}, formicacid {2.50 g,
50 mmol) and water {0.5 mL) was heated at 60 °C for 5 h. After this time, the mixture was
concentrated and the residue was purified by silica gel chromatography eluting with 0~10%
methano! in dichloromethane to afford the title compound {0.21 g, 829%) as a yellow ofl; ESIMS
mfz 234 IM + HY

[000206] Preparation of 2-{6-(4-1sopropyipiperazin-1-yljpyridin-2-yi}-5-methoxy-7-
phenylguinazolin-4{3H}-one {Example 258} A solution of 3-amino-S-methoxy-{1,1"-biphenyl}-4-
carboxamide {5, (1.048 g, 0.2 mmol} and 6-{4-isopropylpiperazin-1-yhpicolinaldehyde {8, 0.046 ¢,
0.2 mimol} in DMA {2 mi) was treated with p-TsCH {0.084 g, 0.44 mmol} and NaH50; {0.042 g, 0.5
mmol} and then heated at 120 °C for 3 days. After this time, the reaction mixture was cooled to
room temperature, diluted with saturated NaHCO,, extracted with CHCE {2 x 15 mi, dried
{MgSQ,), filtered, and concentrated. The residus was purified by silica gel chromatography eluting
with 0—20% mathano! in dichloromethane to afford the title compound {0.017 g, 19%]) as a white
solic: 'H NMR {500 MHz, CDCI) & 11.16 {brs, 1H), 7.88-7.86 {10, 2H)}, 7.78-7.73 {m, 2H}, 7.55-7.53
{m, 3H), 7.49-7.46 {m, 1H}, 7.28-7.27 {m, 1H}, 7.09-7.07 {m, 1H}, 4.08 (5, 3H), 3.64 (br s, 48}, 2.60
{rn, 1H), 2.46 {5, 4H), 0.98 {br s, 6H}; ESI MS mi/z 456 M + H™
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£xample 26: Preparation of 8-{Benzylony}-2-{3-{4-isopropyipiperazin-1-yljphenyi}-5-

methoxyguinazolin-4{34}-one
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Example 26

I000307] Preparation of 2-{3-Bromophenyl}-1,3-dioxane {2} A solution of 3-
bromobenzaldehyde (1, 18.5 g, 100 mmol}, propane-1,3-diol {8.1 g, 120 mmel} and p-
toluenesufonic acid monohydrate {0.1 g, 0.5 mmol} in toluene {200 mi) was refluxed with
areotropical removal of water using a Dean-Stark water separator for 15.5 h. The reaction mixture
was cooled to room temperature, washed with 5% potassium carbonate solution {100 mb) and
water {2 x 100 mL}, dried over sodium sulfate and filtered. The filtrate was concentrated to afford
the title compound {24.5 g, 100%}): *H NMR {500 MHz, CDCL) 8§ 7.66 {1, /= 1.8 Hz, 1H), 7.46 {ddd, /=
7.9,2.0,1.1 Hz, 1H), 7.40 {brd, J = 7.9 Hz, 1H), 7.23 (¢, S = 7.9 Hz, 1H}, 5.46 (s, 1H], 4.28-4.25 {m,
2HY, 4.{}0~3.95 {mm, 2H}, 2.26-2.17 {m, 1H}, 1.47-1.43 {m, 1H}; ESI MS m/z 243, 245 M+ H]

[000208] Preparation of 3-{4-lsopropylpiperazin-1-ylibenzaldehyde {3} A mixture of 2-(3-

bromophenyl}-1,3-dioxane {2, 1.58 g, 6.5 mmol), 1-isopropylpiperazine (1.0 g, 7.8 mmol, ruc-
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BINAF {60 mg, 0.006 mmal), and tert-BuONa (1.06 g, 11.1 mmol} in toluene {15 ml} was degassed
under vacuum and Hushed with nitrogen. Pd,{dbal; {30 mg, 0.033 mmol) was added. The reaction
mixture was degassed again and flushed with nitrogen and was heated at 100 °C under nitrogen for
16 h. The reaction mixture was poured into cold 1IN HCH30 mi]) and stirred for 2 h. Itwas
adjusted to pH 8 with 6N NaOH and extracted with EtOAc {3 = 50 mL}. The combined organic
layers were dried {MgSQ,}, filtered, concentrated, and purified by silica gel chromatography eluting
with 0-100% EtOAc {containing 5% viv Etﬁ\i) in hexanes to afford the title compound as a viscous
yeliow oil {1.32 g, 87%): "H NMR {500 MHz, CDCl} § 9.96 (s, 1H), 7.44-7.37 {m, 2H}, 7.34~7.30 {m,
1H), 7.21~7.16 {m, 1H), 3.28 {t, /= 5.0 Hz, 4H}, 2.73 {sept, / = 6.5 Hz, 1H), 2.69 {t, 1 = 5.0 Hz, 4H},
1,10 {d, S = 6.5Hz, 6H}; ESIMS m/fz 233 [M + HI".

{000209] Preparation of 4-Methoxyphenyl Methyl Carbonate {8} To a stirred solution of
4-methoxyphenol (4, 12.4 g, 100 mmol} and pyridine {8.5 mi, 105 mmol} in CHCL (75 mibjat 0°C
was added CICO,Me {8.1 mi, 105 mmol} dropwise. The reaction mixture was allowed to warm to
room temperature and stirred at room temperature for 1 h. The mixture was washed with INHC,
saturated NaRCO; solution and water, dried {Na,50,), filtered, and concentrated. The residue was
subjected to vacuum distilfation {bp 8492 *C/eca. 1 mmHg) to afford the title compound {165 g,
91%) as a colorless oil: 'H NMR {500 Mz, CDCL) § 7.09 {f = 8.1 Hz, 2H), 6.83 (d, /= 9.1 Hz, ZH),
3.89{s, 3H}, 3.80 {5, 3H}L

1000218] Preparation of 3-Formyl-d-methoxyphenyl Methyl Carbonate {8): To a stirred
solution of 4-methoxyphenyt methyl carbonate {3, 16.5 g. 91 mmol} in CHCE, {205 mi} at 0 °Cwas
added dropwise TiCL {23.5 mL, 210 mmol} in CH,Ch {20 mib) over 30 min. Then MeOCHT, {3.3 mi,
104 mmol) in CH,CL {20 mib) was added dropwise over 30 min. The reaction mixiure was allowed
to warm 1o room temperature and stirred for 30 min. The reaction materfal was poured into a
mixiure of jce {210 g) and concentrated HCH{B.5 mi}. EtOAc {200 mi} was added and the mixture
was stirred vigorously for 30 min. The agueous layer was extracted with EtOAc {2 x 100 mi}. The
combined organic layers were dried {Na,50,), filtered, and concentrated. The residue was
racrystailized from EtOAc/hexanes to afford the title compound {16.6 g, 87%] as a light yellow
solid: 'H NMR {500 MHz, CDCiz} 6 10.43 (5, 1H), 7.863 {d, /= 3.1 Hz, 1H}, 7.37 {dd, J = 9.0, 3.1 Hz, 1H},
7.014{d, /= 9.0 Hz, 1H), 3.94 {s, 3H), 3.90 (s, 3H); ESI MS m/z 228 (M + H,07'.

{000211] Preparation of 5-{Benzyloxy}-2-methoxybenzaidehyde {7} To a stirred solution
of spdium methoxide (257 mg. 4.8 mmol) in MeOH {20 mi} at room temperature was added 3-
formyl-4-methoxyphenyl methyl carbonate {8, 1.0 g, 4.8 mumol}. The resulting orange sotution was
stirred for 45 min and concentrated to dryness. The residue was dissolved in DMF (2 mLj and

treated with K00, (1.3 g, 9.4 mmol} and BnBr {0.57 mi, 4.8 ml), The reaction mixture was stirred
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for 15 h and it was poured into water {20 mi). The precipitate was collected, washed with water
and dried in vocuo to afford the title compound {1.13 g, 98%;} as a light yellow solid: THNMR {500
MHz, CDCl) & 10.44 (5, 1H), 7.49-7.41 {m, 3H), 7.40-7.36 {m, 2H}, 7.35-7.30 {m, 1H}, 7.21 {dd, i =
9.1, 3.2 Hz, 1H}, 6.95 {d, S = 9.1 Mz, 1H), 5.05 {5, 24}, 3.90 (s, 3+}; ESI MS m/z 243 [M + H]".

[000213] Preparation of 5-(Benzyloxy)-2-methoxyhenzoic Acid {8} To a stirred suspension
of 5-{henzyloxy)-2-methoxybenzaidehyde {7, 1.12 g. 4.6 mmol} in MeOH {8 mi]} at room
temperature was added a solution of KOH{1.04 g, 18.5 mmol} in water {1.4 mij. The mixture was
heated to 65 °C and H,0, {35 wi%; 4.0 mi, 46 mmol) was added dropwise over 105 min, The
reaction mixture was stirred at 65 °C for 1 h. Then it was cooled to room temperature and
acidified to pH 2 with 6N H,SC,. The precipitate was collectad, washed with water and dried in
vacuo to afford the title compound {1.16 g, 97%} as a white solid: "W NMR {500 MHz, CDCL 6 10.94
{brs, 1H), 7.80 {d, / = 3.3 Hz, 1H}, 7.44-7.37 {m, 4H}, 7.35~7.32 {m, 1H}, 7.19 {dd, 1 = 9.0, 3.3 Hz,
1H), 7.00{d, S = 9.0 Hz, 1H), 5.08 {5, 2H), 4.04 (s, 3H); £SI MS m/z 257 [M - H].

{000213] Preparation of 5-{Benzyloxy}-2-methoxyhenzamide {8): To a stirred solution of
5-{benzyloxy}-2-methoxybenzoic acid {8, 1.16 g. 4.5 mmol} in CHCL {25 ml) at room temperature
was added oxaly! chloride {1.5 mi, 17.9 mmol). The reaction mixture was stirred at room
temperature for 2 h. 1t was concentrated to dryness to provide the crude acid chioride as a brown-
yellow waxy sclid. The crude acid chioride was dissolved in THF (10 ml} and was added dropwise
to a stirred mixture of concentrated NH,OH {20 ml) and THF {10 mi} at 0 °C. The reéction mixture
was warmed 1o roam temperature and stirred for 1 h and was adjusted to pH 8 with 2 N HCL The
precipitate was collected, washed with water, and dried in vacuo to afford the titie compound
(0.73 g, 63%) as a white solid: *H NMR {500 MHz, CDCL) 8 7.88 (d, J = 3.3 Hz, 1H), 7.82 {br s, 1H},
7.47-7.43 {m, 2H), 7.40-7.37 {m, 2H)}, 7.33-7.30 {m, 1H}, 7.10 {dd, 1 = 9.0, 3.3 Hz, 11}, 6.94 (d, /=
9.0 Hz, 1H), 5.75 {br s, 1H), 5.08 {s, 2H), 3.94 {5, 3H}; ESI MS my/z 258 [M + H]".

[000214] Freparation of 3-{Benzvioxy}-6-methoxy-2-nitrobenzamide {10} To a stirred
mixture of 5-{benzyloxy)-2-methoxybenzamide (8, 0.365 g. 1.4 mmol} and Ac,0{1.2 mL} a1 0 "Cwas
added 70% HNO;{0.14 mL, 2.1 mmaol}). The reaction mixture was warmed to room temperature
and stirred for 1 h, Then 4.5 mb of 70% HNGQ; precooled ot —30 °C was added. The mixture was
stirred at 0 °C for 1 h and was poured onto ice, The precipitate was collected, washed with water
and dried in vacuo. Purification by silica gel chromatography eluting with 0-2.5% MeQH in CH, G,
afforded the title compound along with its regicisomer {0.34 g, 79%) as a yellow solid: YHONMER
(500 MHz, COCl)} § 7.73 {br s, 1H), 7.41-7.30 {m, 5H), 7.11 {d, = 9.2 Hz, 1H}, 7.00 {d, 1 = 8.2 bz,
1H), 6.84 {br s, 1H}, 5.15 {5, 2H), 3.91 {5, 3H); ESI MS my/z 303 [M + HT'.
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[000215] Preparation of 2-Amine-3-{benzyioxy}-6-methoxybenzamide {11} A mixture of
3-{benzyloxy}-6-methoxy-2-nitrobenzamide {10, 0.34 g. 1.1 mmol}, iron powder (0.44 g, 7.7 mmol}
and concentrated hydrochloric acid {80 mb) in £10H {4 mb)/water {0.4 mL) was heated at 90 °C for
75 min. The reaction mixture was cooled to room temperature, filtered through Celite and
concentrated. The residue was dissolved in EtOAc washed with saturated NaHCO; solution, dried
over Na,S0,, filtered, and concentrated, Purification by silica gei chromatography eluting with -
10% MeCOH in CH.CL afforded the title compound along with its regicisomer (0,267 g, 87%) as a tan
sofid: TH NMR {500 MHz, CDCL)} 8 7.83 {brs, 1H), 7.47-7.32 {m, 5H), 6.77 (d, J = 8.8 Hz, 1H), 6.60 {br
s, 2H), 6.06 {d, /= 8.8 tz, 1H}, 5.51 {brs, 1H}, 5.04 {5, 2H)}, 3.85 (s, 3H}.

[000218) Preparation of 8-{Benzyloxy}-2-(3-{4-isopropyipiperazin-1-yhphenyh-5-
methoxyguinazolin-4{3H}-one {Example 26): A solution of 2-amino-3-{benzyloxy}-6-
methoxybenzamide (11, 0.267 g, 0.98 mmol} and 5-{benzyloxy}-2-methoxybenzaldehyde (3, 0.152
g, 0.65 mmaol} in N N-dimethylacetamide {10 mb} was treated with p-TsOH {0.30 g, 1.57 mmol} and
MaHS0; {0.204 g, 1.96 mmol} and then heated at 110 °Cfor 15 h. The reaction mixture was cooled
to room temperature, and concentrated under reduced pressure. The residue was purified by
silica gel chromatography eluting with 0~100% 95:4.5:0.5 CH,Cly/MeOH/concentrated NH,OH in
CH,Cl o afford the title compound {71 mg, 22%) as a light vellow solid: *H NMR {500 MHz, DMSO-
ds) §12.22 {s, 1H), 7.79 {s, 1H), 7.68 {d, J = 7.6 Hz, 1H}, 7.56 {d, J = 7.3 Hz, 2H}, 7.42-7.33 {m, 5H),
7.341d, J= 7.6 Hz, 1H), 6.92 {d, /= 9.0 Hz, 1H), 5.24 {3, 2H}, 3.83 {5, 3H), 3.34-3.31 {m, 4H), 2.80~
2.60 {m, 5H}, 1.05 {br s, 6H}; ESI MS m/z 485 [M + H}".
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Example 27: Preparation of 4-{6-{5,7-Dimethoxy-4-oxo-3,4-dihydroquinazolin-2-ylpyridin-2-yi}-

N-isopropylpiperazine-1-carboxamide Hydrochloride
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Example 27

I000217] Preparation of Benzyl 4-{isopropylcarbamoyi)piperazine-1-carboxylate {3k To a
solution of benzyl piperazine-1-carboxylate {1, 5.0 g, 23 mmol} and diisopropylethylamine (5.86 g,
45.4 mmol} in dichioromethane {50 mi) was added Z-isocyanatopropane {4.83 g, 56.8 mmol]} and
the mixture was stirred overnight at room temperature. The mixture was diluted with EtOAC {300
L), washed with water {100 mi}, dried {Na;50,), filtered, and concentrated. The residue was
purified by silica gel chromatography eluting with to 0-20% CH,CHL/82:7:1
CHCL/MeOH/concentrated NH,OH in CHClp to afford the title compound {3.94 g, 57%) as a white
solid: *H NMR {300 Mz, COCHL) § 7.45-7.25 {rm, 5H), 5.14 {s, 2H}, 419 {d, J = 6.7 Hz, 1H}, 4.05-3.90
{rn, 1TH), 3.60-3.45 {m, 4H), 3.44-3.25 {rm, 4H), 1.20-1,10 {m, 6H}; Multimode MS m/2 306 [M + HI".

{000218] Preparation of A-lsopropyipiperazine-1-carboxamide {4} To a solution of benzyl
4-{isopropylcarbamovyiipiperazine-1-carboxylate {3, 3.94 g, 12.9 mmol} in methano! {100 mL} was
added 10% Pd/C {50% wet, 0.400 g} and the mixture was stirred under 1 atmosphere of hydrogen
for 16 h. After this time, the mixture was filtered through Celite and the filtrate concentrated to
afford the title compound {2.88 g, »99%): 'H NMR {300 MHz, CD30D} § 4.00-3.80 {m, 1H), 3.45~
3.35 {m, 4H), 2.88-2.78 {m, 4H), 1.13 {d, J = 6.5 Mz, 6H}; Multimode MS m/z 172 [M + H}",

[000218] Preparation of 4-{6-Formylpyridin-2-yl}-N-isopropylpiperazine-1-carboxamide
{6} A mixture of 6-bromopicolinaldehyde (5, 1.00 g, 5.38 mmuol) and N-isopropylpiperazine-1-
carboxamide (4, 1.10 g, 6.45 mmol} in N,N-dimethylacetamide {20 mi} was treated with 1,004
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{2.23 g, 16.1 mmol} and heated at 80 °C for 18 h. The mixture was cooled to room temperature
and concentrated. The residue was purified by silica gel chromatography eluting with hexanas to
100% F1OAC to 411 FtOAc/MeOH to afford the title compound {3.35 g, 24%) as an impure yeliow
solid: Multimode MS m/z 172 [M + HI".

[000220) Preparation of 4-{6-(5,7-Dimethoxy-4-ox0-3,4-dihydroguinazolin-2-ylipyridin-2-
vi}-N-isopropylpiperazine-1-carboxamide Hydrochioride {Example 275 A solution of 4-{6-
formylpyridin-2-yi}-N-isopropylpiperazine-1-carboxamide {§, 0.350 g, 1.27 mol) and 2-aminc-4,6-
dimethoxybenzamide {7, 0.165 g, 0.845 mmol} in DMA (5 mL} was treated with p-TsOH {0.273 g,
1.44 mmol) and NaHSQ; {0.158 g, 1.52 mmol) and then heated at 100 °C for 16 h. The reaction
mixture was cooled to room temperature and concentrated. The residue was purified by silica gel
chromatography eluting with 0-50% CH,CL/92:7:1 CHCl/ MeOH/concentrated NH,OH In CHClL. A
portion of this material was further purified by reverse phase HPLC eluting with 10% to 90% CHACN
in +4,0 with 0.1% TFA. The product fractions were combined and concentrated. The residue was
dissolved in water, acidifie‘d with 5 N HCl and concentrated to afford the titls compound in
hydrochioric acid salt form {0.042 g, 8%) as a brown solid: TH MMR {300 MHz, CD,0D} 6 7.88 {dd, J =
7.4, 8.7 Hz, 1H), 7.66 {d, F = 7.3 Hz, 1H}, 7.27 {d, J= 7.3 Hz, 10}, 7.03 {d, /= 2.2 Hz, 1H}, 6.82 {d, /=
2.2 Hz, 1H), 4.01 {s, 3H}, 4.01 {5, 3H), 3.85-4.00 {m, 1H}, 3.75-3.83 {m, 44}, 3.52-3.62 {m, 4K}, 1.17

+

{d, /= 6.6 Hz, 6H}); ESIMS m/2 453 [M + H]

Example 28: Preparation of 2-{6-{4-Isopropyl-2-oxopiperazin-I-yllpyridin-2-yi}-5,7-

dimethoyguinazolin-4{3H}-one Hydrochioride

<HCH

Example 28
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[000221] Preparation of 4-Isopropylpiperazin-2-one {2k To a solution of piperazin-2-one
{1, 0.5 g, 5 mmal} and acetone {0.58 g, 10 mmwol} in 1,2-dichioroethane (20 mL} was added sodium
triacetoxvborohydride {3.18 g, 15.0 mmol) and the mixture was heated at 70°Cfor 2 h. The
mixture was diluted with FtOAc/saturated Na,C0: (100/50 mi}, washed with brine {20 ml}, dried
{Na,5Q4), filtered and concentrated to afford the crude title compound {0.56 g, 79%).

[000223] Preparation of 2-(6-Bromopyridin-2-yi}-5,7-dimethoxyquinazolin-4{3H}-one {8k
A solution of 8-bromopicolinaldehyde {4, 2.8 g, 15 mmol} and 2-amino-4,6-dimethoxybenzamide
(3, 2.00 g, 10.2 mmol) in DMA {150 mi) was treated with p-TsOH (4.2 g, 22 mymol) and NaHS0, {2.6
g, 25 mmol} and then heatad at 110 °C for 16 h. The reaction mixture was cooled to room
temperature and concentrated. The residus was purified by silica gel chromatography eluting with
0-2% MeOH in CH;CL to afford the title compound {1.87 g, 51%) as a yeliow solid: ' NMR {500
MHz, COCH) 8 10.40 {5, 1H), 8.89 {d, 1= 7.5 Mz, 1H), 7.75 {t, /= 7.5 Hz, 1H), 7.65 {d, J = 7.5 Hz, 1H),
6.83 (d, /= 2.2 Hz, 1H), 6.52 {d, /= 2.2 Hz, 1H}, 4.00 {5, 3H), 3.95 {5, 3H}; Multimodsa M3 m/z 362 [M
+ HI.

[000223] Preparation of 2-{6-{4-Isopropyl-2-oxopiperazrin-1-ylpyridin-2-yi}-5,7-
dimethoxyguinazolin-4{3H}-one Hydrochloride {Example 28): To a mixture of 2-{6-bromopyridin-2-
yi}-5,7-dimethoxyquinazolin-4{3H}-one {5, 0.320 g, 0.886 mmol}, 4-isopropylpiperazin-Z-one {2,
0.152 g, 1.07 mwnol), cesium carbonate {(0.572 g, 1.76 mmol}, and XantPhos {0.024 g, 0.044 mmoi]
in toluene {100 mi) under nitrogen was added Pd,{dba}; {0.040 g, 0.044 mmolj and the mixture
heated at 110 °C for 48 h. The mixture was cooled 1o room temperature. The reaction mixture
was loaded directly on a sifica gel column and eluted with (-2% MeOH in CHCl,. The material was
further purified by reverse phase HPLC eluting with 10% to 90% CHCN in H,0 with 0.1% TFA. The
product fractions were combined and concentrated. The residue was dissolved in water, acidified
with 5 N HCl and concentrated to afford the title compound {0.091 g, 22%]) as a yellow solid: H
NMR (500 MHz, DMSO-d.) 8 11.38 {s, 1H}, 8.25-8.32 {m, 1H}, 8.10-8.18 {m, 2H}, 6.83 {d, /= 2.2 Hz,
1H}, 6.62 {d, f= 2.2 Hz, 1H), 4.89{d, J = 13.5 Hz, 1H)}, 4.35-4.22 {m, 1H), 4.22-4.10 {m, 1H}, 4.10~
4.00 {m, 1H}, 3.95-3.80 {m, 1H), 3.60-3.72 {m, 1H}, 3.55-3.60 {m, 1H}, 3.92 {s, 3H}, 3.88 {5, 3#},
1.37 {d, /= 6.5 Hz, 6H); ESIMS m/z 424 [M + H
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Example 29: Preparation of 2-{6-{4-{Dimethylamino}piperidin-L-yljpyridin-2-yi}-5,7-

dimethoxyquinazolin-4{3H}-one

Example 29

[000224] Preparation of 2-{6-{4-{Dimethylamino)piperidin-1-yi}pyridin-2-yi}-5,7-
dimethoxygquinazolin-4{3H)-one {Example 281 To a high pressure vial was added 2-(6-
bromopyridin-2-yi}-5,7-dimethoxyquinazolin-4{34}-one {5 Scheme 21, 100 mg, 0.27 mmol} and
N, N-dimethylpiperidin-g-amine {142 mg, 110 mmol}. The tube was sealed and the reaction was
heated to 110 °C for 4 h. The product was purified by silica gel chromatography eluting with 0-5%
CH,ClLCHLOH 3, NH,OH (80/18/2) in CHLC, to afford the title compound {0.815 g, 31%} as a
yeilow solid: "H NMR {500 MHz, DMSO-ds) 8 10.9 {s, 1H}, 7.72 {1, / = B.O Hz, 1H}, 7.64{d, = 7.0 Hz,
1K), 7.07{d, i = 8.5 Hz, 1H}, 6.77 {d, J = 2.0 He, 1H}, 6.57 {d, S = 2.0 Hz, 1H}, 4.49-4.46 {m, 2H}, 3.90
(s, 34}, 3.86 {5, 3H), 2.93-2.83 {m, 2H}, 2.42-2.30 {m, 1H), 2.21 (5, 6H}, 1.90-1.82 {m, 24}, 1.48~
1.30 {m, 2H}; ESIMS m/fz 410 [M + H]

Example 30: Preparation of 5,7-Dimethoxy-2-{8-{4-methyl-3-oxopiperazin-L-yijpyridin-2-
yilquinazolin-4{3H}-ons

PN \E
L i
B0 e oF T
fe SR \§ W - LHy
\'\r"-‘- S LIOH, 13-crown-3
i
[SRE RS {3
3 Example 33

{000225] Preparation of 5,7-Dimethoxy-2-{6-{4-methyl-3-oxopiperazin-1-ylpyridin-2-
yiiquinazolin-4{3H}-one {Example 30): A mixture of 2-{&-bromopyridin-2-yl}-5,7-
dimethoxyquinazolin-4{34}-one {5 Scheme 21, 0.100 g, 0.278 mmol}, T-methylpiperazin-2-one {7,
0.100 g, 0.667 mmol} and anhydrous Hthium hydroxide {3.020 g, 0.83 mmol} in 15-crown-5 {0.9 mi}
was heated at 100 °C for 18 h. The mixture was cooled 1o room temperature and purified by
reverse phase HPLC eluting with 10% to 90% CHLCN in H,0 to afford the title compound {0.02 g,
18%) as an off-white solid: *H NMVIR {500 MHz, DMSO-ds) & 11.33 (s, TH), 7.78 {1, J = 7.5 Hz, 1H},

7.734d, J= 7.0 He, 1H), 7.08 {d, S = 8.3 Hz, 1H), 6.78 (d, /= 2.2 Hz, 1H), 6.538 {d, 4 = 2.2 Hz, 1H}, 4.25

~d
5]
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(s, ZH), 3.97 {1, /= 5.5 Mz, 2H), 3.91 (s, 3H), 3.87 {5, 3H), 3.47 {1, J = 5.3 Hz, 2H), 2.93 {5, 3H); ESI MS

mSz 396 (M + HT

Example 31: Preparation of 2-{3-Chloro-5-{piperazin-1-yi}phenyl}-5,7-dimethoxyquinazolin-
4{3H}-ons

N,

i~i§f 1
2 ~,

. HBos

Pdy(dba)y, BINAP

C5,00,, toluene

ROty NE

e e NH

8 ,. N
‘ o HROOG e e \z[\]x o~
- TsOH, NaHSO,, BMA | E i

§
Example 31

[000226] Preparation of fert-Butyl 4-(3-Chloro-5-formylphenylipiperazine-L-carboxylate
{3} To a midure of 3-bromo-5-chlorobenzaldehyde {3, 0.250 g, 1.14 mmol}, tert-butyl piperazine-
1-carboxylate {2, 0.255 g, 1.37 mmol}, cesium carbonate (0.667 g, 2.05 mmol), and BINAP {(0.106 g,
0.171 mimol} in toluene {100 mi) was added Pdy{dba); {0.104 g, 0.114 mmol). The reaction was
placed under N, and heated at 110 °C for 16 h. The mixture was cooled to room temperature and
was loaded directly on silica gel column and eluted with 0-50% EtOAc in hexanes to afford the
crude title compound {G.3 g, 81%).

[000227] Preparation of 2-{3-Chloro-5-{piperazin-1-yijphenyl}-5,7-dimethoxyguinazolin-
4{3H}-one {Example 31} A solution of tert-butyl 4-{3-chloro-5-formylphenylipiperazine-1-
carboxyiate {3, 0.300 g, 0.318 mmol} and 2-amino-4, 6-dimethoxybenzamide {4, 0.120 g, 0.612

wmol} in DMA {4 miL) was treated with p-TsOH {0.424 g, 1.46 mmol} and NaHS50,{0.290 g, 1.84
mmol) and then heated at 110 °C for 16 h. The reaction mixture was cooled 1o room temperature,
triffuoroacetic acid {5 ml) was added and the mixiure was heated at 70 °C for 1 h. The reaction
mixture was cooled to room temperature and concentrated. The residue was purified by silica gel
chromatography eluting with 0~100% 982:7:1 CHClL/MeOH/ concentrated NH,OH in CH,CL. This
material was further purified by reverse phase HPLC eluting with 10% to 90% CHaCN in H,0 with
0.1% TEA. The product fractions were concentrated and the residue was dissolved in acetonitrile
and water. The mixture was basified with concentrated NH,OH and the precipitate filtered, washed

with water, and dried under vacuum to afford the title compound {0,072 g, 29%} as an off-white
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solid: *H NMR {500 MHz, DMSO—de) § 7.60-7.70 {m, 2H), 7.08-7.12 {m, 1H}, 6.78 {d, /= 2.3 Hz, 1H},
6.55 {d, /= 2.3 Hz, 1M}, 3.89 (s, 3H), 3.85 (s, 3H), 3.24 (1, S = 5.2 Hz, 4H), 3.28 (t, S = 5.2 Hz, 4H); ESI
MS /7 401 [M + HI.

Example 32: Preparation of 2-{3-Chioro-5-{4-isopropyipiperazin-i-yilphenyl}-5,7-

dimethoxyguinazolin-4{3H}-one

(0606228} To a solution of 2-{3-chloro-5-{piperazin-1-yl}phenyi}-5,7-dimethoxyquinazolin-

4{3H)-one {Example 31, 0.054 g, 0.14 mmaol}, acetone {0.060 g, 1.4 mmol}, sodium acetate {0.023 g,
0.27 mmol}, and acetic acid {0.16 g, 2.7 mmaol} in 1,2-dichiorosthane/methanol {5/5 mi) was added
sodium triscetoxyborehydride {0.56 g, 2.7 mmol). The mixture was stirred at room temperature
for 16 h and then concentrated. The residue was purified by silica gel chromatography eluting with
O-100% 92:7:1 CHCL/MeOH/concentrated NH,OH in CH,Clh. This material was further purified by
reverse phase HPLC eluting with 10% to 90% CHCN in HyO with 0.1% TFA. The product fractions
wers concentrated and the residue was dissclved in acetonitrile and water. The mixture was
basified with concentrated NH,OH and concentrated. The residue was purified by reverse phase
HPLC eluting with 10% to 90% CHLON in H,0 without TFA to afford the title compound {0011 g,
1854} as an off-white solid: *H NMR {500 MHz, CD,0D) 6 7.52 {5, 1H)}, 7.49 {d, J = 1.5 Hz, 1H}, 7.18 {t,
F= 1.5 Mz, 1H), 6.82 {d, S = 2.5 Hz, 1H), 6.59 {d, J = 2.5 Hz, 1H), 3.93 {5, 3H), 3.92 {5, 3H}, 3.35-3.60
{brs, 4H), 2.85-3.15 {br s, 4H), 1.25~1.40 {br s, 1H}, 1.22 {d, /= 6.5 Hz, 6H); ESI MS m/7 443 [M +
M.

Example 33: Inhibition of tetra-acetylated histone H4 binding individual BET Bromodomains

fO00328] Proteins were cloned and overexpressed with a N-terminal 6xHis tag, then
purified by nickel affinity followed by size exclusion chromatography. Briefly, E.coli BL21{DE3) celis
were transformed with a recombinant expression vector encoding N-terminally Nickel affinity
tagged bromodomains from Brd2, 8rd3, Brdd,. Cell cubtures were incubated at 37 °C with shaking
to the appropriate density and induced overnight with IPTG. The supernatant of lysed calls was

foaded onto Ni-IDA column for purification. Eluted protein is pooled, concentrated and further

aa
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purified by size exclusion chromatography. Fractions represanting monomeric protein were
pooled, concentrated, aliquoted, and frozen at -80 °C for use in subsequent experiments.

{000230] Binding of tetra-acetylated histone H4 and BET bromodomains was confirmed by
a Time Resolved Fluorescence Resonance Energy Transfer {TR-FRET) method. N-ferminally His-
tagged bromodomains (200 nM) and biotinylated tetra-acetylated histone H4 peptide {25-50 nM,
Millipore) were incubated in the presence of Europium Cryptate-iabeled streptavidin {Cishio Cat,
#610SAKLB) and X1665-labeled monoclonal anti-His antibody {Cisbio Cat. #51HISXLB) in a white 96
well microtiter plate {Greiner). For inhibition assays, serially diluted test compound was added to
these reactions in & (.2% final concentration of DMSQ. Final buffer concentrations were 30 mM
HEPES pH 7.4, 30 mM NaCl, 0.3 M CHAPS, 20 mM phosphate pH 7.0, 320 mM KF, 0.08% BSAL
After 2 hours incubation at room temperature, the fluorescence by FRET was measured at 665 and
620 nm by a SynergyH4 plate reader {Biotek). Hllustrative results with the fisst bromodomain of
Brd4 are shown below. The binding inhibitory activity was shown by a decrease in 665 nm
fluorescence relative to 620 nm. 10, values were determined from a dose response curve.

[000231] Compounds with an g value less than 30 uM were deemed to be active.

Table 1: inhibition of Binding of Tetra-acetylated Histone H4 and Brd4 bromodomain 1 as
Measured by FRET

FREY activity
Name
(CS0<30 uv
5:{3“;(@:\5‘5“5;}?5‘;;\)'5}55perazin~1—yi)phenyi}é—ﬁ:&imethexyquinaw!in-«’i‘{éiﬂ« netve
one [Example 1]
;;/l»:(é-:{-zi:igag;épyipiperazin-1—\,'5}-5--mé:§-?€5'x§phe nyli-5,7- Active
dimethoxyquinazolin-4{3H}-one [Example 2]
Ag,'f’t{)imethoxy-z~(6-(@(gjﬁgéfﬁmyethy!}piperathu:ir‘;i"i.}"{;yf'idin-—2-~ ------------------------- A;ﬁv “
vijguinazolin-4{3H}-one {Example 3}
2-{6-{4-{2-Hydroxyethylipiperazin-1-ylipyridin-2-yi}-5,7- Active
dirmnethoxyquinazolin-4{3H}-one {Example 4]
2-(6~(4—isobut",}épipe}azin—1~yl}pyridif1»»2»-\,fﬁ:§',"i';:din“rethox‘,/quinazoiia; VVVVVVVVVVVVVVVVVVVVV Active
4{3H}-one {Example 5]
5,7-DEmeti*ioxi,‘f:‘i:.('é«-{4-~{2--(methy§suifonyi)égﬁgﬁ"}prirp'érazin-1~y53pyridiﬁté: """ Active
vhguinazolin-4{3H}-one [Example 6]
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Methyl 2-{4-(6-(5,7-dirne thoxy-4-oxo-3,4-dihydroquinazolin-2-yljpyridin- Active
2-ylipiperazin-1-yljacetate [Example 7]

2-(6~(13-—{1--i:1“yd FOXYpPropa n~2ny§)piper"é-zin-l—yi)pyrid‘sn-z---\,-f-i“)g,?- Active
dimethoxyquinazolin-4{3H}-one {Example 8}

"“52“-»{4--(6-(5,7{)5mé'-’rf-.'\?\\})xy-fi-oxw},&~dih}}é?&i‘uEnazoiin~2—yi}pyridinzé- Activé ““““““““““
yiipiperazin-1-yijpropanamide [Example 9]
;’2“:\(4—(6{5,7-Dime‘t‘géxy-é&-oxo~3,4~c§ihyd!-;-g&-{iinazﬁviin-z-yi}p\,iridis;z« Active
yiipiperazin-1-yljacetic acid [Example 10]
3-{4-{6-{5,7-Dimethoxy-4-oxo-3,4-dihydroguinazolin-2-ylpyridin-2- Active
yiipiperazin-1-ylipropancic acid [Example 11}
2~(5»(2~-{“§§bpr0§>yiamino)ethoxy}—é:(&isopropyipipe;%zin-&yi}g:syridin-?: Active
yi}-5,7-dimethoxygquinazolin-4{3H}-one bis{trifluoroacetate) [Example 12]
2~(5—(2~Hydroxyethoxy}f&--(!i:'igbpropyipiperazin—&y-i—)pyridir1~2—yi)-5,7~- Active

- dimethoxyquinazolin-4{3H}-one acetate {Example 13]
2-{6-{4-isopropyipiperazin-1-yl}-5-methoxypyridin-2-yl}-5,7- Active
dimethoxyguinazolin-4{3H)-one [Example 14]
5,?—Dim'ethaxyﬁ-(6~(4«me{ﬁ‘\‘{ipiperazin-1~yi)pyridi-;%-iz-yi)quinamhn- Active
4{3H}-one Hydrochloride {(Example 15}
5,7~-D§methoxy~2~{6-morpiﬁimopryridin~2~yl}quinazdiin«&{BH)-one Active
Hydrochioride {Example 18}

"i',-:{j;éf\’zi'~isopropyipiperazﬁ‘ﬁuri‘:\}i)pyridEnnz-yi}—5,7:E§Egéi'fﬁm<ryquinazoiﬁr{: """""" Active
4{3H)-one Hydrochioride {Example 17}

5, 7-Dimethoxy-2-{6-{4-{methylsulfonyl}piperazin-1-ylpyridin-2- Not Active
viiguinazolin-4{3H}-one Hydrochloride {Example 18}

] 5,?—05.'Txethc};;('\',}:iz--(6~(4-propionyi;::;i;g;ézm—l-yﬁ)pyridin--Z-(ﬁﬁuim zolin- Active '
4{3H}-one dihydrochioride {Example 19)
2-{3-{4-lsopropyipiperazin-1-yl-5-{triffuoromethoxylphenyl}-5,7- Active
dimethoxyquinazolin-4{3H}-one {Example 20}

i e e S
7-Fluore-2-{6-(4-isopropyipiperazin-1-ylipyridin-2-yH-5 Active
methoxyquinazelin-4{34}-one Hydrochloride (Example 21}

\\;/‘::{Aé‘é}{iif'i'bxy)-2~{6-(4«350{)@5\}3piperazin-1~yi);;‘;\,‘/?iic‘i‘i‘ﬁ:"z--yi)-5~ VVVVVVVVVVVVVVVVVVV Active
methoxyquinazolin-4{3H}-one Hydrochioride (Example 23}
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?jggjiﬁopropyipipé}égin_1--\_,"5)~2-(6v(iﬁ§§5propyipiperééé;a--i-v\,ii)-pyridiw?;- nctve
yi-5-methoxyguinazolin-4{3H}-one Hydrochloride {Example 23}
2~(6-(4~E50-§ropyipipe,razEn—i-?yi}p\,'ridin-ZNAjilgiiéﬂethaxy—% Active
phenylguinazolin-4{3H}-one {Example 25}
?“8-{Benzyioxy)—}{&{d—isaprop-‘ﬁg{perazin-&yi)phen;ﬁ-S- Activé
methoxyquinazolin-4{3H}-one {Example 26}
“:’L(6~(S,7~Dimethoxy-@@xo-i&d-déﬁ#dmquinazoESs{:Z&-yi)pyridin-z—yi}w— Active
isopropyipiperazine-1-carboxamide Hydrochloride {Example 27}
2«(5-(11450propyi~2-0x0pipérazin-—byi)pyridEn~2—yt)~5,?~ ------- Not Active
dimethoxyquinazolin-4{3H}-one Hydrochloride (Example 28]
2»(6»{4-—{53methyiamino)pi;ﬁieridin-l—yi)pg}}‘idin—}yi)-s,% ------ Active
dimethoxyquinazolin-4{3H)-one {(Example 29}
S,?—DE;ﬁethcxy&-(6--{5-—methyi«3—oxopip-é-rrazin-lwi}pyrid":‘ﬁ-z-v Not Active
vilquinazolin-4{34}-one {Example 30}
2»{3-@1ioi‘0-5~(piperaiﬁ-l»yi)phenyiijg,"i}--(iimethoxyquEﬁézoiin—&(i&ﬁ)--cr'{e active
{Example 31}
2*(3—(“,&Eem»S-(&~iso§ropyEpiperazin—l-{}ﬁphenyi)~5,7- """ Active
dimethoxyquinazohin-4{3H}-one {Example 32}

Example 34:  inhibition of c-myc expression in cancer cell fines

[000232] MV4-11 cells {2.5X10" celis} were plated in 96 well U-bottom plates with test

compound or DMSO {0.1%), and incubated for 3 hours at 37 °C. Cells were then harvested by

centrifugation, lysed, and mRNA was isolated using the mRNA catcher plus kit {invitrogen).

Reverse transcription of the mRNA and duplex amplification of the c-myc and cyclophilin cDNAs

was parformed using the RNA Ultrasense kit {Invitrogen) and a VilA7 real-time PCR machine

{Applied Biosystems). 1Cso values were determined from a dose response curve,

0002331 Compounds with an iCg value less than 30 uM were deemed 1o be active.
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............................... c»;n:ya: St
Name
(1C50<30 i)

2--{3-(4—EsopmpyipEperazin—i‘:\;:"‘i}phenyi)-s,ﬁaﬁwethoxyquinéééiiﬁ-d(EH}« Active
one [Example 1}
2-{3-{4-1sopropyipiperazin-1-yi}-S-methoxyphenyl}-5,7- Active
dimethoxyguinazolin-4{3H}-one [Example 2]
5,7-Dimethoxy-2-{6-{4-{2-methoxyethyiipiperazin-1-yijpyridin-2- Active
yiiguinazolin-g{3H}-one [Example 3]
2-{6-{4-(2-Hydroxyethyllpiperazin-1-yi}pyridin-2-yi}-5,7- Active
dimethoxyquinazolin-4{3H}-one [Example 4}
2-(6~(4-Esébutyﬁpiperaiii'h.-1--\;‘i}pyridin—2—yE)—S,?’-dimethO,\iﬂ}quinamiin— Active
4{3H}-one [Example 5]
5,7--Dimethaxynz-(ﬁ—{d-(}{methyisuEfonyi)ethyi)piperazin~1~y5§pyrid§n-2-~ Not Active
yliquinazolin-4{3+})-one [Example &]
2~(6—(4~{1~Hydr0xy;§§;5§§'an-2~yi)piperaz&%—l»yi)pwidm--z';‘\;:i)-ﬁ,‘?« Active

‘ dimethoxyquinazolin-4{3H}-one [Example 8]
2-{4-{6-{5,7-Dimathoxy-4-oxo-3,4-dihydroguinazolin-2-yipyridin-2- Nat Active
viipiperazin-i-ylipropanamide [Example 9]

--§~(5-az—{isupropyi.é”r'r.iina)ethoxy%ﬁjﬁi-iicpropyﬁpip‘é}gzinmluyi)pyridwi'n@— Acti\;
yi-5, 7-dimethoxyguinazolin-4{3H}-one bisitrifluoroacetate} {Example 12}

"él-(S-{Z—Hyda‘Ok?éEﬁéﬁy%é-(d&Soiﬁ'{"éﬁpyipiperazin:"lf;—-gfi)pyrridin-z--yi}»-i1 Active
dimethoxyguinazolin-4{3H}-one acetats {Example 13]
29(6~(4—isopropyipiperazin—l-—"\}é)—5~meth@xypyridin-2~\_,f§)~5,?— ----- Active
dirnethoxyquinazolin-4{3H}-one [Example 14]
5,?~Dime{ﬁc§§(y-2—(b-(él»»-iﬁéit--!;s"‘,;'ipipe razin~i:‘;;i'r-,‘;byrﬁdiﬂ-2~\;i§q{J“i'ﬁ'é'zoiiw Active
4{3H}-one Hydrochioride (Example 15}

e et s by . el “:"_‘ e i . -""' N
5,7-Dimethoxy-2-{6-morphotinopyridin-2-yliquinazolin-4{3H}-one Not Active
Hydrochloride (Example 16}
2—(6-"{5;isopropyipi‘ﬁé}éiin--1~yi)pyridE'z;i;yi}-5,7-dirné£h§§%yquinazoiin— active |
A3Hyone Hydrochloride {Example 17}
S,.7-DiEﬁééhoxy«z-{6~(4-5§opinnyipiperazhi'ﬁﬂ;l--\_ji)p\,fridin—éjﬁqaﬁinazoiin- Not Activemw
4{3H)-one dihydrochloride {Example 19}

84



WO 2014/080290 PCT/IB2013/003122

2-{3-{4-isopropyipiperazin-1-yl}-5-{trifluoromethoxyiphenyl}-5,7- Not Active
dimethoxyquinazolin-4{3H}-one {Example 20}

AE'A:‘F:‘E‘{:Sro-2~{6~(4—i505§’5pyipiperazin~1mym}pyridin~2—yi)~5— Active
methoxyquinazalin-4{3H}-one Hydrochloride {Exampie 21}
7‘«(Bea{iyioxy)~2~(6-{4-iséﬁhmpyigﬁperazin—l—\i/)’E\}}}yridEn—Z-yi}»E}: ----- A;Er\r/e
methoxyquinazolin-4{3+)-cne Hydrochioride {Example 22}

| 7u(4--EgépropyipiperazE;:{:gii}~2~(6—{4-530prapy‘ipEperazin«ti*yibpyridin~2~ “,‘f;\‘ttive
yi}-S-methoxyquinazolin-4{3H}-one Hydrochloride {Example 23}

wi&(Benzyioxy}z-—"(3--(4-—350propy&piperazin-:i,~yi}pheﬁyi}:S- Not Active
methoxyguinazolin-4{3H}-one {Example 26}
4~{6~(5,?~Dimeth@xy_é’a-axoﬁ,@-dEh:,;'d roquinazolin-2-ylipyridin-2-yl}-N- aetive
isopropylpiperazine-1-carboxamide Hydrochloride (Example 27)

: 2-(6_(4~(Dirﬁéthyia min@}piperidin-ri—yi)pyridin«2--yd§--5,‘?~ Active
dimethoxyguinazolin-4{3H}-one {Example 29}
5,."/‘~Dimethox@l-(6_(13»—methyi-»3-oxo;35perazin—l—yi}pyr3din-2~ Not Active

- yilguinazolin-4{3H}-one {Example 30}
2~§'3-Chio;’5:5-i--§piperazin—l-yi)phemyi)»S,?—dime‘thoxyquinazoiinﬁ(?;ﬁ}mme ‘ Active
{Example 31} :
2~(§—C'n50r{‘e:g:{zi—isaprapyipipergzin--l—yi}phenyi)—"é,% Active
dimethoxyquinazolin-4{3H}-one {Example 32}

Example 35: Inhibition of cell proliferation in cancer cell lines

[000234] MV4-11 cells: 96-well plates were seeded with 5x10" celis per well of
exponentially growing human AML MV-4-11 {CRL-9591} cells and immediately treated with two-
fold dilutions of test compounds, ranging from 30 pM to 0.2 pM. Tripticate wells were used for
gach concentration, as well as a media only and three DMSO control wells. The cells and
compounds were incubated at 37 °C, 5% CO, for 72 hours before adding 20 ut of the CellTiter
Agueous One Solution {Promega) to each well and incubating at 37 °C, 5% €O, for an additional 3-4
hours. The absorbance was taken at 490 nm in a spectrophotometer and the percentage of
proliferation relative to DMSO-treated cells was calculated after correction from the blank well.
ICsy were calculated using the GraphPad Prism software.

[000235F Compounds with an Gy value less than 30 1M are deemed 1o be aclive,
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rrrrrrrr celf proliferation

Nams activity
{IC50<30 uh}
2~(§:@i—3sopropyipiperé.i‘i};—“i‘--yi)phenyi)—S,?-&i}ﬁethaxyquinazoiin~4{3!—i}- Mot Activé
ona {Example 1]

“Aﬁ?('ii:éll--isopropyfpiperazin—i{-yi)—5»n’1ethoxypﬁényE)~5,7- Active
dimethoxyquinazolin-d{3H}-one [Example 2]

5 V-Dimethoxy~2-(6‘(1-1:'{"2-methcxyethy!)pipe?azih—lagi}pyridin-zn Acf??e
vijquinazolin-4{3H4}-one [Example 3]

: 2--(644—(2~Hydmxyé{gyi}piperazEn_l—yi)@ﬁ'{,}‘ridin~2~yi)—5,?~ Active
dimethoxyquinazolin-4{3H}-one [Example 4]
2—(6~{4~isobutyigﬁ)eraziw%yi)pyridEn~2~yi}—5,7-dEmethaxyq uinazolin- -Ac‘(ive
A{3H)-one [Example 5]
5,"/‘{)isnethﬁkrg\;:i:’-{-é(d»{2-(methyisui'i"-{)‘nyi)ethyi}piperazin—i—yi)pyridin~2- Not Active
viiguinazolin-4{3H}-one [Example 6}
2»(6-(4~{I-Hyaﬁ;éxyprapan-2~yi)p§perazin—1-yi)pyridEn»Z-yi}--S,‘?« Active
dimethoxyguinazolin-4{3H}-one {Example 8]
2-(4—(6{53::@Emethoxy-d»oxo-3,@hEhyd rog uinazoiiav?_;—yi);éﬁiﬁinﬁ- lllllll Active
vilpiperazin-L-ylipropanamide [Example 9]
2~(5»-(2~(‘i§5§¥opyia mEn@)ethoé‘ﬁ%—{d»isopropyipE;;éla:azin-1~yi)pyridin—'2— ' active

yi}-5,7-dimethoxyquinazolin-4{3H}-one bis{trifluorcacetate} [Example 12]

Mot Active

2~(5—{2§Hydébxyethaxy)--6-(&-550pro pyipiperazin-1-viipyridin-2-y1}-5,7-

' dimethoxyguinazolin-4{3#}-one acetate {Example 13]

Active

dimethoxyouinazolin-4{3H}-one [Example 14]

Tg,?-[)rimethoxy-~2~(6':("11--meth\,,'ipipe razin—-i;yiﬁpyridirx-2~\y'i)q uinazolin- :‘i\ctsv e
4{3H}-one Hydrochloride {(Bxample 15}
‘é‘,‘?jiﬁﬁéﬁig;&/:5:{“6“—marph@Einapy;i&‘i‘r‘i:éﬂ-~yi)quinazoiin—i@H)—nne """"""" Nm Active
Hydrachioride [Example 16}
i{&(d%ﬁopro;;.S-\,-fii';';iﬁerazin-1~yi)pyriéﬁi—'ﬁ:i—ﬂ')‘S,?-dirrsethdg\}quinazoiin~ ------------- Active

- 4{3H}-one Hydrochloride {Example 17}

Not Active
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2-{3-{4-Isopropylpiperazin-1-yl}-5-{triflucromethoxyiphenyi}-5,7- Not Active
dimethoxyquinazolin-4{3+}-one (Example 20}

A"“;’A:-?-i--a;z-gs:‘oﬂ-»z--(év{éihisopropyEpiperaz;,)i)h—Lyi}pyridin-2~yi)~5~- Active
methomyguinazolin-4{3H}-one Hydrochloride {Exarnple 21)
7-(Benzyi&ﬁf?;{6»(4»550propyipip-é"a:égin-1«yi}pyridm—2~yi}~5~ Active
methoxyquinazolin-4{3H)-one Hydrochloride {Example 22}
7~(4---isopr5byipiperazin{tvyi}n2~(6~(4—isopropyﬁpiperazin~1--yi)p§rid§n«2- Active

yil-S-methoxyquinazolin-4{3H)-one Hydrochloride {Example 23}

Six{xéénzyioxy}—}(?}-{aﬁ_isapmpyipiperazin~1—yi}pheny§)~5~

methoxyquinazolin-4{34}-one {Example 26}

Mot Active

4-—(6--(5,?~Dimethoxy—&—oxo—3,4~dihydr‘oquinazoiin_znyi)pyridin-2~yi)~N~

Active
isopropylpiperazine-1-carboxamide Hydrochloride {Example 27}
2-{6-{4-{Dimethylaminopiperidin-1-yi}pyridin-2-yB-5,7- Active
dirnethoxyquinazohin-4{3H}-one (Example 29}
5,7-Dimethoxy-2-{6-{4-methyl-3-oxopiperazin-1-yljpyridin-2- Not Active
viiquinazolin-4{3H}-one {Example 30}
2-{3-ChEor‘o-S--{pﬁﬁg;éz§n~1“yi)phenyi}~5,7—dirﬁéthaxyquinazoiin%(?ﬁgj:gne Active
{Example 31}
2-(3~<Zh30m~5—(4-i.§bpmpyﬁpiperazm-l»yi)pﬁenyi}«S,?— Active

Example 38 Inhibition of hil-6 mRNA Transcription

[000236] In this example, hil-6 mRNA in tissue culture cells was guantitated to measure
the transcriptional inhibition of hiL-6 when treated with a cornpound of the present disclosure,

(0002371 A human leukemic monocyte lymphoma call line (U937} was platad {3.2210° cells
oer well) in 3 96-well plate in 100 ul RPMI-1640 containing 10% FBS and peniciiin/streptomycin,
and differentiated into macrophages for 3 days in 60 ng/mL PMA {phorbol-13-myristate-12-
acetate) at 37°C in 5% €O, prior to the addition of the compound of interest. The cells were
pretreated for 1 h with the test compound prior to stimulation with 1 ug/ml lipopolysaccharide
from Escherichia coli. The cells were incubated at 379C for 3 h before the cells were harvested. At
time of harvest, the spent media was removed from the cells and the cells were rinsed in 200 b
PRS. Coll bysis solution {70 ul} was added the cells in each well and incubated for 5-10 min at room

temperature, to allow for complete cell lysis and detachment. mBNA was then prepared using the

a7
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“mRNA Catcher FLUS plate” {invitrogen), according to the protocol supplied. After the last wash, as

PCT/IB2013/003122

much wash buffer as possible was aspirated without allowing the wells to dry. Elution buffer {E3,

70 111} was then added to each well. mRNA was then eiutad by incubating the mRNA Catcher PLUS

plate with Elution Buffer for 5 min at 682C and then immediately placing the plate on ice.

{000238] The eluted mRNA isolated was then used in a one-step quantitative real-time

PCR reaction, using components of the Ultra Sense Kit together with Applied Blosystems primer-

probe mixes. Real-time PCR data was analyzed, normalizing the Ctvalues for hil-6 to an internal

control, prior 1o determining the fold induction of each unknown sample, relative to the control,

{000239) Compounds with an iCsy value less than 30 uM are deemed to be active.

Table 4: Inhibition of hil-6 mRNA Transcription

-6 activily

dimethoxyquinazolin-4{3H}-one [Example 8]

Mame
(C50<30 pui)

2~(3~-{«1--§§g§ropyipiperazin-1~yi)phenyi)~5,7AdimethaxyquiaézoiEn#(SH)- Actsve

- one [Example 1]
2-(3-{4-1sopropyipiperazin-1-yl}-S5-methoxyphenyl}-5,7- Active
dimethoxyquinazolin-4{34})-one [Example 2]
5,7»-DEméﬁiaxy-ﬁ-{ﬁ—{d{}methexyethyi)iﬁiperazin-l»yi)p\;/"rlidin-} ;;gfive
viiquinazolin-4{3~}-one {Example 3]

?—gﬁ—(@—(?Hyd mxyethyi‘}gi‘é‘é}ézin-1-—y§)pyridin—iyf)ﬁ,% T Active
dimethoxyquinazolin-4{34}-one [Example 4]

m;'?:-:'{'é*{4-350butyipipefé;g—l-yi)pyridin-z-yi)-5,7-&imeth@xycgtjinazoiin~ Active
4{3H}-one {Example 5]
5,7-Dimethoxy-ﬁt‘(é;‘("tii-{}(methyisuifonyi‘)ﬁéthyt}piperazin-1~yi)p§?§‘§{r‘i:2m Active
yilquinarolin-4{3#}-one {Example 6]
Methyl 2—(4:%(“:-(55,”??(1En'xethoxy-d--ng:g;'tl--dihyquuinazoiiﬁ:’.—yi)pyriéiw Acti\;; """
Z-yiipiperazin-1-yijacatate [Example 7]

%“2~(6A-(4--(1--}-Eyd mxypmpan—}yi)#i'ﬁﬁé razin-1-ylipyridin-2-y}-5,7- Actave

2-{4-{6-{5,7-Dimethoxy-4-ox0-3,4-dihydroguinazolin-2-ylpyridin-2-

vhipiperazin-1-yvilpropanamide [Example 8]

2-14-(6-(5,7-Dimethoxy-4-oxo-3,4-dihydroguinazolin-2-yhpyridin-2-

yipiperazin-1-vlacetic acid [Example 10]




methoxyquinazolin-4{3H}-one Hydrochloride {Example 22}

' 7~(d‘isaprapyipiperazin-—1--\;‘5)«-2~{6-(4«Esopropyigﬁriggfazin—iﬁyi)pyridin~2-

yii-5-methoxyquinazolin-4{3H}-one Hydrochloride {(Example 23}

WO 2014/080290 PCT/1IB2013/003122
“i%»:-(ﬁ:(é:{éﬁ:ﬁimethoxy-~4~0xo-3,4-dihydrod){s\i\\namEin~2-yi}pyridin-2-~ Not Active
yhipiperazin-1-ylipropancic acid [Example 11}
2-{5--(2-(isopropyiamino}g%-hmxy}&w-isepropyipipe-r-é'zm--l--yi)pyridEn-2~ Not Active

3 yi1-5, 7-dimethoxyquinazolin-4{3H}-one bisitrifluoroacetate} [Example 12]

V\-rﬁr-—?\%\—\\(\é-Hydmxyethoxy)-&{-’i«%scﬂpmpyipEperazin—l-yf)pyridin—2~§i)~5,7~ Active
dimethoxyquinazolin-4{3H}-one acatate [Example 13}

mié':'('é:-"(«’s--Esopropyipiperazin-ii.~y!)—5—meth0xypyridin~2-yi)~5,7-- Mot Active
dimethowquinazolin-4{3H}-one [Exampie 14]
5 7-DEmethcxy~2-(6~(4:;§1e‘thyipiperazin-1~yi)pyridin«Z&E}quinazoEin— Active
4{3H}-one Hydrochloride {Bample 15}
5,?-Dimethoxy—z:(gzgmrphoiinnpyridin-zuyi)qﬁiﬁazoiinﬁ(EH}—one VActEve
Hydrochloride (Example 16)
2-(6~(4~isopr0§‘yipiperazin—1~yi)pyridin«Z—yE}—S,?-dimethoxyquinazeiinl --------- Active
4{3H})-one Hydrochloride {Exampie 17}
5,?‘~Dimetﬁ-g@&—{&(d{methyisuifonyﬁ)p"igérazim1nyE}pyridEn~2~ """"""""""""""""" Not Active
yilguinazolin-4{34}-one Hydrochloride {(Exampla 18)
S,?-DSme-‘iﬁ&y--z--(ﬁ--{dvpropionyip&pea‘azin-:ﬁ.—ﬁ)pyridinQAyi}q winazolin- Not Active
4{3H)-one dihydrochloride {Example 19}

| 2-{3-{4-Isopropyipiperazin-1-yii-5-{trifluoromethoxyiphenyi}-5,7- Active
dimethoxygquinazrolin-4{3H}-one {Example 20}
i?iﬁ&:éﬁét@:(&i;sopmpyipiperazin«-li}iﬂ)pyridin—2~yi)-5~ rrrrrrrrrrrrrrrrrrrrrrr Active
methoxyquinazolin-4{3H}-one Hydrochloride {Example 21}

"5.--“{'éénzyioxy}-2~-(6~(4—i50p?55\/5;3%perazin»i~y5}pyridErl-Z-g;;E")"-g-- Aci;ve -------------

Not Active

2:(é:@:i-éﬁﬁ-a;é#ifip5§érazin~1-yi}pyridin~-2-»yE‘Bu--Svathcsxgi«?—

phenviguinazolin-4{3H}-one {Example 25}

Not Active

Not Active

Active

&3
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2~(6~{4n;'('5§"i§‘lethyiainino)piperidigjfi—y!)pyridEn~2~yi)-5,7-: ------ Active
dimethoxyguinazolin-4{3H}-one {Example 29}

‘ S,']—Dimethoxy-2~{6~-{5-methyi-3~axopiperazin--l-yi)pyriciin~2~ Active
yliguinazolin-4{3H}-one (Example 30)

-‘“2:\(\3\:\(\"}150r0~5‘{p§perazEE-}-:i:-\;ii)phenyi}—S,?—dimethoxyduEnazuﬁin»z}(EH}:&;g“ Active
{Example 31)

m‘i:-“(3-—Chioro-5~(4~isepropyipiperazin&-yi)pheny‘i)_é‘,‘?«- Active
dimethoxyquinazolin-4{3H}-one {(Example 32}

Example 37: Inhibition of hVCAM mRNA Transcription

[000240] In this example, hWCAMMRNA in tissue culture cells is quantitated to measure
the transcriptional inhibition of hVCAM when treated with a compound of the present disclosure.

[000241] Human umbilical vein endothelial cells (HUVECs) are plated in a 96-well plate
{4.0%10° cells/well) in 100 ul EGM media and incubated for 24 h prior to the addition of the
compound of interest. The cells are pretreated for 1 h with the test compound prior to stimulation
with tumor necrosis factor-at. The cells are incubated for an additional 24 h before the cells are
harvested. At time of harvest, the spent media is removed from the HUVECs and rinsed in 200 pl
PRS. Cell lysis solution {70 ul} is then added the cells in each well and incubated for ~5-10 min at
room temperature, to aliow for complete cell lysis and detachment. mRNA is then prepared using
the “mRNA Catcher PLUS plate” {invitrogen), according to the protocol supplied. After the last
wash, as much wash buffer as possible is aspirated without allowing the wells to dry. Elution buffer
(E3, 70 ul) is then added to each well. mRNA is then eluted by incubating the mRNA Catcher PLUS
plate with elution buffer for 5 min at 682C and then immediately placing the plate on ice,

[000242] The eluted mRNA so isolated is then used in a one-step quantitative real-time
PCR reaction, using components of the Ultra Sense Kit together with Applied Biosystems primer-
probe mixes. Real-time PCR data was analyzed, normalizing the Ct values for hWCAM to an internal
control, prior to determining the fold induction of each unknown sample, relative to the control.

[000243] Compounds with an iCsp value less than 30 uM are deemed to be active.

Example 38: Inhibition of hMCP-1 mRNA Transcription
[000244] in this example, hMCP-1 mRNA in human peripheral blood mononuclear cells
was guantitated to measure the transcriptional inhibition of hMCP-1 when treated with a

compound of the present disclosure,
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[000245) Hurman Peripheral Blood Mononuclear Cells were plated {1.0x10° ceils per well}
in a 96-well plate in 45 ul RPMI-1640 containing 10% FBS and penicillin/streptomycin. The cells
were treated with the test compound (45ulL at 2x concentration), and then the cells were
incubated at 372C for 3 h before the calls were harvested. At time of harvest, cells were
transferred to V-bottom plates and centrifuged at 800 rpm for 5 minutes. Spent media was
removed and cell ysis solution {70 ul} was added the cells in each well and incubated for 5-10 min
at room temperature, to allow for complete cell lysis and detachment. mRNA was then prepared
using the “mRNA Catcher PLUS plate” {Invitrogen), according to the protocol supplied. After the
iast wash, as much wash buffer as possible was aspirated without allowing the wells to dry. Elution
puffer (E3, 70 ul) was then added to each weil. mRNA was then eluted by incubating the mRNA
Catcher PLUS plate with Elution Buffer for 5 min at 682C and then immediately placing the plate on
ice.

{000246] The eluted mRNA isolated was then used in a one-step quantitative real-time
PCR reaction, using components of the Ultra Sense Kit together with Applied Biosystemns primer-
probe mixes. Real-time PCR data was analyzed, normalizing the Ctvalues for RMCP-1 1o an internal
control, prior to determining the fold induction of each unknown sample, relative to the control.

(0002471 Compounds with an I s value less than 30 uM are deemed to be active.

Table 5: Inhibition of hMCP-1 mRNA Transcription

........................ RMCP-1 a'étivity
Mame
{IC30<30 ui)

Active

Example 39: Up-regulation of hApoA-1 mRNA Transcription.

[000248] In this example, ApoA-i mRNA in tissue culture cells was guantitated to measure
the transcriptional up-regulation of ApoA-) when treated with a compound of the present
disclosure.

1000249] Huh7 cells {2.5x10" per well} were plated in a 96-well plate using 100 pt DMEM
per well, (Gibco DMEM supplemented with penicillin/streptomycin and 10% FBS), 24 h before the

addition of the compound of interest. After 48 hrs treatment, the spant media was removed from
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the Huh-7 cells and placed on ice {for immediate use} or at -80%C {for future use} with the “LDH
cytotoxicity assay Kit 17 from Abcam. The cells remaining in the plate were rinsed with 100 L PBS.

{000250] Then 85 ul of cell lysis solution was added to each well and incubated for 5-10
minutes at room temperature, to allow for complete cell lysis and detachment. mRNA was then
prepared using the “mRNA Catcher PLUS plate” from Life Technologies, according to the protocol
supplied. After the last wash, as much wash huffer as possible was aspirated without allowing the
wells to dry. Flution Buffer {£3, 80 ul} was then added to each well. mRNA was then eluted by
incubating the mRNA Catcher PLUS plate with Ehution Buffer for 5 minutes at 682, and then 1
minute at 42C. Catcher plates with mRNA eluted were kept on ice for use or stored at -802C.

[000251] The eluted mRNA isolated was thern used in 3 one-step real-time PCR reaction,
using components of the Ultra Sense Kit together with Life Technologies primer-probe mixes. Real-
time PCR data was analyzed, using the Ctvalues, to determine the fold induction of each unknown
sample, relative to the control {that is, refative to the control for each indepandent DMSC
concentration).

[000252] Compounds with an ECy value less than 30 uM are deemead to be aclive.

Table 6: Up-regulation of hapo&-1 mRNA Transcription.

Apo&-1 activi& ““““
Name
{EC, 50730 1M}
2—(3"—-{5:-3%6;}3'0pyipiperazi}{ﬁ-—yﬁ)phenyE)~5,.7—&?meth0xyquinazaiir}iﬁ'{éf-ii~ Active
ong {Example 1]
2—(3--(4--150propyipipera"zin—ti*yi}~S-methexyphenyi)~5,7~ """"" Active
dimethoxyguinazolin-4{3H}-one [Example 2]
mf:'";:-?~D‘smethaxy-ﬁr(.ﬁ-{fs--(2—methoxyethﬁ}gipérazin~1_yi}pyr“i§§'ﬁ;2w rrrrrrrrrrrrrrrrrrr ;ﬁ\ctive
yiiquinazolin-4{(34}-one [Example 3]
2-{6-{4-{2-Hydroxyethylipiperazin-L-ylipyridin-2-yl}-5,7- Active
dimethoxyquinazolin-4{34}-one {Example 4}
2—(6A:(A23t-‘§gbbutyipiperaziagjﬂﬁ)pyridin—z-yﬁ)~§,“T‘/‘:-‘éimethoxyquinazéﬁi—; 77777 Afﬁ\;‘; """""""""
4{3H)-one [Example 5}
5,.7—-53?5'éthoxy~2-(6~(4~-(‘i-;~'{"r'ﬁ'éthyisuEfonyi)é%ﬁ&i}piperazin-lwi)pyr‘-i'('i'i'ﬁtz-- AC‘EE\-!;
- yhiguinazolin-4{3H})-one {Bample 6]
2—(6-{4»(1--Hydmxypmpan-z—-\;ihi‘;piperazirs—1~yi§pyridin-” vil-5,7- Active
dimethoxyquinazolin-4{3H}-one {Example 8]
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2—{11~{6-(5,?-[-r)'imethcxy~4-ox0~3,4»di“i;{gf‘{i‘;oquinazaiin-z—-;'-iu‘j;yridin~2- """"" Active
vilpiperazin-1-ylipropanamide [Example 9]
3-{4-{6-{5,7-Dimethoxy-4-oxo-3,4-dihydroquinazolin-2-yljpyridin-2- Not Active
viipiperazin-1-viipropanoic acid [Example 11}

2 (E-:'é‘i‘--(isopropyiamina)ethoxy)—6~{4~isopropyipiﬁeraziml-yﬁ)pyridin—?.— active
yi}-5,7-dimethoxyquinazolin-4{3H}-one bis(trifluoroacetate} [Example 12]
2~(S—(Z—Hydmxyethcxy}»ﬁ-{d--ésopropyipiperazinéﬁ.—yﬁ)pyridin~2~y!)~5,.7-: """" Active
dimethoxyguinazolin-4{34}-one acetate [Example 13}
2--(6-{4450;};’0;}\;!pipei;azin—ii.-yi)»5~n‘1ethoxyp\,iridin--2-yi}—5,7~ Active
dimethoxyquinazolin-4{34}-one [Example 14]
5,7-Dimethoxxf—-z{ﬁ-(&methyipiperazin—i»yi)pyridin~2-yi}qa'.;"i‘nazoiin— Active
4{3H)-one Hydrochloride {(Example 15}
2-(6~(4~350pmpyipiperazin—1~yi}pyﬁ§Enl-'znyi)—S,?’-dime’fhcxyquinazoiin— Active
4{3H)-one Hydrochloride {Example 17}
5,7-Dimethoxy&{&(d—propi@nyipiperazén—1~y5)pyridf};ﬁ«yi)qumamﬁn— Active '

- 4{3H)-one dihydrochioride {Example 19)
2-{6-{4-1sopropyl-2-oxopiperazin-1-yipyridin-2-yi}-5,7- Not Active
dimethoxyguinazolin-4{3H}-one Hydrochioride {Example 28}
2-16-{4-{Dimethylamino)piperidin-1-ylipyridin-2-y1}-5,7- Active
dimethoxyquinazolin-4{3H}-one {Example 29}
2~{3-Ch715;;23—5—(';'13perazEn»1~yi}ﬁﬁgiﬁyiﬁ--S,7—dime‘(h0§%§ﬁuinazoiin~4(3i~f}-one """"""" Active
{Exampie 31}
2-{3-Chlore-5-{4-isopropylpiperazin-1-yliphenyl}-5,7- Active
dimethoxyguinazolin-4{34}-one {Example 32}

Examples 40: s vive efficacy in athymic nude mouse strain of an acute myeloid leukemia
xenograft model using MV4-11 cells:

[B0G253] MV4-11 cells {ATCC) were grown under standard cell culture conditions and
{(NCr} nu/nu fisol strain of female mice age 6-7 weeks were injected 5e° cells/animal in 100u! PBS +
100ul Matrigel in fower left abdominal flank. Approximately by day 18 after MV4-11 cells injection,
mice were randomized based on tumor volume {Lx Wx H}/2} of average ~120mm’. Mice ware
dosed orally with compound at 75 rog/kg b.id and 120 mg/kg b.i.d in EAGOS formulation at 10
ml/kg body weight dose volume. Turnor measurements were taken with electronic micro caliper

and body weights measured on alternate days beginning from dosing period. The average tumor
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volumes, percent Tumor Growth Inhibition (TG} and % change in body weights were compared
relative to Vehicle control animals. The means, statistical analysis and the comparison between

groups were caiculated using student’s t-test in Excel.

Table 7: in vivo efficacy in athymic nude mouse strain of an acute myeloid leukemia xenograft

model using MV4-11 cells:

Name in vivo activity

2-—(6-(&«isopropyEpiperazin—:i.—yﬁi\)pyridin—2~yi)-5,7~-di?ﬁéihoxyquinazoﬁw Active

4{3H}-one Hydrochloride {Bxample 17)

Example 41: in Vivo Efficacy in Mouse Endotoxemia Model Assay.

{000254] Sub lethal doses of Endotoxin (E. Coli bacterial lipopolysaccharide) were
administered to animals to produce a generalized inflammatory response which was maonitored by
increases in sacretad cytokines. Compounds were administered to C57/BI6 mice orally at 75 mg/kg
dose to evaluate inhibition in IL-6 and {L-17 cytokings post 4 hour challenge with

Lipopolysaccharide (LPS) at 0.5 mg/kg dose intraperitoneally.

Table 8 in Vive Efficacy in Mouse Endotoxemia Maods! Assay.

Name in vivo activity

Active

Example 42: in Vivo Efficacy in Rat Collagen Induced Arthritis,

{000255] Rat collagen-induced arthritis is an experimental model of polyarthritis that has
been widely used for preclinical testing of numerous anti-arthritic agents, Following administration
of collagen, this model establishes a measurable polyarticular inflammation, marked cartilage
destruction in association with pannus formation and mild to moderate bone resorption and
periosteal hone proliferation. In this model, collagen was administered to female Lewis strain of
rats on Day 1 and 7 of study and dosed with compounds from Day 11 to Day 17, Test compounds
were evaluated to assess the potential to inhibit the inflammation {including paw swelling},
cartilage destruction and bone resorplion in arthritic rats, using a model in which the treatment is

administered after the disease has been established.

G4
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Table 9: in Vivo Ffficacy in Rat Collagen induced Arthritis.

Name in vivo activity

Active

4{3H}-one Hydrochloride {Example 17}

Example 43: In Vivo Efficacy in Experimental suteimmune encephalomyelitis (EAE} Model of MS
[000256] Experimental autoimmune encephalomyelitis (EAE} is a T-cell-mediated
autoimmune disease of the CNS which shares many clinical and histopathologicai features with
human multiple sclerosis {MS). EAE is the most commonly used animal model of MS. T cells of
both Thi and Thl7 lineage have been shown to induce EAE. Cytokines IL-23, IL-6 and 1L-17, which
are either critical for Thl and Thi7 differentiation or produced by these T cells, play a critical and
non-redundant role in EAE development. Therefore, drugs targeting production of these cytokines

are likely to have therapeutic potential in treatment of MS.

This study was conducted to assess the potential anti-inflammatory effect of test compounds to
inhibit the inflammation and clinical EAE scores of a 28 day preventative mouse model. In this
model, EAE was induced by MOGa..s/CFA immunization and pertussis toxin injection in female

CE7BI/6 mice.

Active

4{3H)-one Hydrochloride {Example 17)

1000257} Other embodiments of the present disclosure will be apparent to those skilied in
the art from consideration of the specification and practice of the present disclosure disclosed
nerein. It is intended that the specification and examples be considered as exemplary only, with a

true scope and spirit of the present disclosure being indicated by the following claims.
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What is claimed is:

1. A compound of Formula I
= - V\\\
R )\ ART ;
\r &\‘ \s: \g‘i NH { 5 }

gL

G \ Formuia

or a steresisomer, tautomer, pharmaceutical acceptable salt, or hydrate thereof,

whersin:

W, is selected from Noand CRy;

W is selected from N and CRy;

W is selected from N and CRy;

W, is selected from N and CRy;

each W may be the same or different from each other;

A is selected from N and CH;

Ry, Ry, Rs, and R, are each independently selected from hydrogen, alkyl, alkenyl, atkynyi,
atkoxy, thioalkyl, aryloxy, aryl, amino, hydroxyl, and halogen;

two adjacent substituents selected from Ry, Ry, Ry, and R, may be connected ina 5- or 6-
membered ring to form a bicyclic carbocycle or bicyclic heterocycle;

AR1is a group selected from the following:

H o "é\’\\ H 3 \\I,//‘t\\\ - Rﬁ
[l i e Ro
\\i IN‘, \\\ e g A W\\k \{- o §‘ . \,.\‘\ Y /\\"\\__.- \\
Ho{ B SETD I L ey “f‘i B
S ), Y H o e (i), and Ry

B is a group selected from the following:
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R‘; \ :}.
Ry
N /‘\,\{Rﬂ} \N ./\,Rﬂm \\ \“*
[ ‘ ( i . ;.N :\ R Hd
L/ Neg, __/ - {0
N-gy
3

each ring system may be substituted with ong or more sulistituents independently
selected from Ry and Ry

R- is selected from hydrogen, alkoxy, alikyl, thioalkyl, arvloxy, aryi, hydroxyl, and halogen;

Re is selected from hydrogen, alkoxy, alkyl, thioatkyl, aryloxy, aryl, and halogen;

R, is selected from hydrogen, alkyl, -SO;R,,, -CLOINR R, -C{OWR;

Rq and Rq are independently selected from hydrogen, aryl, alkenyl, alkyl, -50,Rq;, -
C{OINRy;Rya, -C{O}Rz;

Ry and Ry, are independently selected from hydrogen, halogen, alkyl, alkoxy, aryl, and
hydroxyl;

Ry and Ry are indepandently selected from hydrogen, aryl, and alky;

Y is selected from NH, G, and &; and

two adjacent substituents selectad from R, Rg, R, Re, Ryp, and Ry may be connected ina 5-

or &- memberad ring to form a carbocycle or heterocycle,

2. The compound according to claim 1 wherein if Ry is hydrogen, then R; is not -

Nide,.

3. The compaund according to claim 1 wherein Ry, Ry, R;, and R, are independently

selected from hydrogen, alkyl, alkoxy, halogen, and amino.

4, The compound according to claim 1, wherein at feast one of Ri-R, is not hydrogen.

a7



WO 2014/080290 PCT/IB2013/003122

5 The compound according to claim 1 wherein Ry and R; are independently selected

from alkoxy, haiogen, and amino.

6. The compound according to claim 1 wherein R; and R; are independently selected

methoxy, fluoride, and a substituted piperazing.

7. The compound according to claim 1 wherein R, and R are independently selected

from alkoxy.

&. The compound according to claim 1 wherein R; and R; are methoxy and R, and Ry

are hydrogen.

9. The compound according to any one of claims 1-8 wherein R, is selectad from

hydrogen, alkyl, alkoxy, and halogen.

10. The compound according to claim 8 wherein Rs is selected from hydrogen, methyi,

ethyl propyl, and isopropyl, methoxy, ethoxy, propoxy, isopropoxy, -OCF;, fluoride, and chieride.

i1, The compound according to any one of claiims 1-8 wherein Rs is selected from

hydrogen, methoxy, ethoxy, -OCF;, fluoride, chloride, methyl, and ethyl.

12, The compound according to any one of claims 1-11 wherein B; is selected from

hydrogen and aikoxy optionally substituted with a hydroxyt or amino.

13 The compound according to any one of claims 1-11 wherein Rq is selected from

hydrogen, methoxy, and ethoxy.

14. The compound according 1o any one of claims 1-11 wherein Rq is selected from

hydrogen, methoxy,

ST iy ooy PN
, . SIS e : ‘ i L
O bo,o0T R , and
A B
{

o

15, The compound according to any one of claims 1-14 wherein Yis N,

i6. The compound according to any one of claims 1-15 wherein AR1 is selected from
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\\ \\‘,
}

i9. The compound according to any one of claims 1-18 wherein 8 is selected from

N

N Rao Ry N5 g N E\j S
& : £

nNJ"U\'\. R . . % H h
R LN L
R Ry N7

. o
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N\

NNRa
(\.,./,f\i
21, The compound according ta claim 20 wherein B is Ry
22, The compound according to any one of claims 1-21, wherein R; is selected from
hydrogen and alkyl
23. The compound according to any one of claims 1-22, wherein Ry and Ry are
independently selected from hydrogen and alkyl.
24, The compound according to any one of claims 1-22, whérein Ry and Ry are
independently selected from hydrogen, methyl, and ethyl
25, The compound according to any one of claims 1-24, wherein Ry and Ry are
independently selected from hydrogen and halogen.
26. The compound according to clalm 25 wherein Ry and Ry, are hydrogen.
27. The compound according to any one of claims 1-26 wherein Ry, and Ry ave
independently selected from hydrogen and alkyl.
28, The compound according to any one of claims 1-26 wherein Ry; and Rz are

independently selected from hydrogen, mathyl, ethyl, propyl, and isopropyl.
29, A compound according 1o claim 1 selectad from:

2-{3-{4-Isopropylpiperazin-1-yhphenyl}-5,7-dimethoxyquinazolin-4{3H}-one;

2-{3-{4-lsopropyipiperazin-1-yii-5-methoxyphenyl)-5,7-dimethoxyguinazolin-4{3H}-one ;

5, 7-Dimethoxy-2-{6-{4-{2-methoxyethyllpiperazin-T-yllpyridin-2-yliquinazolin-4{3H}-one;

2-{6-{4-(2-Hydroxyathyl)piperazin- 1yl pyridin-2-yi}-5, 7-dimethoxyquinazalin-4{3H}-one;

2-{6-{4-Isobutyipiperazin-1-ylipyridin-2-yi}-5,7-dimethoxyquinazolin-4{3H}-one;

5, 7-Dimethoxy-2-{6-{4-{2-(methyisuifonyliethylipiperazin-1-yljpyridin-2-yljguinazolin-
4{3H}-one;

Methyl 2-{4-{6-{5,7-dimethoxy-4-oxc-3,4-dihydroguinazolin-2-ylipyridin-2-vi}piperazin-1-
vilacetate;

2-{6-{4-{1-Hydroxypropan-Z-yiipiperazin-1-vi}pyridin-2-yl}-5, 7-dimethoxyquinazolin-4{3H}-
one;

2-{4-{6-{5,7-Dimethoxy-4-oxo-3,4-dinydrogquinazolin-2-ylpyridin-2-ylipiperazin-1-

yhipropanamide;
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2-{4-{6-(5, 7-Dimethoxy-4-oxo-3,4-dibydroguinazolin-2-yhpyridin-2-ylipiperazin-1-yljacetic
acid;

3-{4-{6-{5,7-Dimethoxy-4-oxo-3,4-dihydroquinazolin-2-ylipyridin-2-yl}piperazin-1-
yiipropanoic acid;

2-{5-{2-{Isopropylamino)ethoxy}-6-{4-isopropylpiperazin-1-ylpyridin-2-yl}-5,7-
dimethoxyguinazolin-4{3#4}-one bis{triflucroacetate);

2-{5-{2-Hydroxyethoxy}-6-{4-isopropyipiperazin-1-ylipyridin-2-y1}-5,7-dimethoxyguinazolin-
4{3H}-one acetals;

2-{6-{4-Isopropylpiperazin-1-yi}-5-methoxypyridin-2-yl)-5,7-dimethoxyquinazolin-4{3H}-
one;

5, 7-Dimethoxy-2-{6-{4-methylpiperazin-1-vi}pyridin-2-yliquinazolin-4{(3H}-one
Hydrochioride;

5,7-Dimethoxy-2-{6-morpholinopyridin-2-yllquinazolin-4{34}-one Hydrochioride;

2-{6-{4-1sopropyipiperazin-1-yi}pyridin-2-yi}-5,7-dimethoxyquinazolin-4{3H}-one
Hydrochloride;

5,7-Dimethoxy-2-{6-{4-{methyisulfonylipiperazin-1-ylipyridin-2-yliguinazolin-4{3H}-one
Hydrochloride;

5, 7-Dimethoxy-2-{6-{4-propionyipiperazin-1-yljpyridin-2-yljquinazolin-4{3H}-one
dihydrochloride;

2-{3-{4-Isopropylpiperazin-1-yii-5-{trifluoromethoxy)phenyi}-5,7-dimethoxyquinazolin
4{3H}-one;

7-Fluoro-2-{6-{4-isopropylpiperazin-1-ylipyridin-2-yi}-5-methoxyquinazolin-4{3H}-one
Hydrochiorids;

7-{Benzyioxyl-2-(6-{4-isopropylpiperazin-1-yljpyridin-2-yl-3-methoxyguinazolin-d{3H}-one
Hydrochloride;

7-{4-1sopropyipiperazin-1-yl}-2-(6-{4-isopropylpiperazin-1-vi}pyridin-2-yi}-5-
methoxyguinazelin-4{3H}-one Hydrochioride;

2-{5-{4-1sopropyipiperazin-1-ylipyridin-2-yi}-5-methoxy-7-phenylquinazolin-4{3H}-one;

g-{Benzyloxy}-2-(3-{4-isopropyipiperazin- 1-yljphenyll-5-methoxyguinazolin-4{3H}-one;

4-{6-{5,7-Dimethoxy-d-ox0-3,4-dihydroquinazolin-2-ylpyridin-2-yl}-N-isopropylpiperazine-
i-carboxamide Hydrochioride;

2-{6-{4-Isopropyl-2-oxopiperazin-1-yhpyridin-2-yl}-5, 7-dimethoxyguinazolin-4{3H}-one
Hydrochioride;

2-{6-{4-{Dimethyiamino)piperidin-1-ylpyridin-2-yl}-5,7-dimethoxyquinazolin-4{3H}-one;
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5,7-Dimathoxy-2-{6-{4-methyl-3-oxopiperazin-1-yljpyridin-2-yliguinazolin-4{3H}-one;
2-{3-Chloro-5-{piperazin-1-yijphenyl}-5, 7-dimethoxyquinazolin-4{3H]-one;
2-{3-Chloro-5-{4-isopropylpiperazin-1-yliphenyl}-5,7-dimethoxyguinazolin-4{3H}-one.
0. A compound of claim 1, wherein the compound is 2-{6-(4-sopropyipiperazin-i-

vhipyridin-2-yl}-5,7-dimethoxyguinazolin-4{3Hj-one Hydrochioride.

a1 A compound according to any one of claims 1-11 and 15-28 wherein R, is selected

from the group represented by Formula ik

v, F
Rig
wherein:

D is selected from Cand §;

E s selected from O, N, and 5;

R, and Ry are independently selected from hydrogen, atkyl, and cycloalkyl, wherein if £is
0 or §, only one of Ry and Ry is present; and

nis selected from 1, 2, and 3.

32. The compound according to claim 31 wherein D is oxygen.
33. The compound according to claim 31 or claim 32 whereinn = L.
34. The compound according to any one of claims 31-33 wherein Ry and Ry; are

independently selected from hydrogen, and alkyh

35, The compound according to claim 34, wherein Ry, and Ry are independently

selected from hydrogen, and C1-C5 atkyl.

36. The compound according to any one of claims 31-35 wherein R, is selected from

hydrogen, methoxy, W | . | ¢ » Y g .

N /o NH

N = ! ~ RO |
N .

(e PR wd

£y , and o

37. A pharmaceutical composition comprising a compound according to any one of

claims 1-36.
38, A compound according to any one of claims 1-36 for use as a medicament.
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39, & mathod for inhibiting BET proteins in a mammal comprising adminisiering 2

tharapeutically effective amount of a compound according to any one of claims 1-36.

40, A method for treating a disease that is sensitive to a BET inhibitor comprising
administering a therapeutically effective amount of a compound according to any one of claims 1-

36.

41, A method for treating an autoimmune disease in a mammal comprising
administering a therapeutically effective amount of a compound according to any one of claims 1-

3.

42. The method of claim 41, wherein the autoimmune disease is selected from Acute
Disseminated Encephalomyelitis, Agammaglobulinemia, Allergic Disease, Ankylosing spondylitis,
Anti-GBM/Ant-TBM nephritis, Anti-phospholipid syndrome, Autolmimune aplastic anemia,
Autcimmune hepatitis, Autoimmune inner ear disease, Autoimmune myocarditis, Autoimmune
pancreatitis, Autoimmune retinopathy, Auteimmune thrombocytopenic purpura, Behcet's Diseass,
Bullous pemphigoid, Castlernan’s Disease, Celiac Disease, Churg-Strauss syndrome, Crohn's
Disease, Cogan’s syndrome, Dry eye syndrome, Essential mixed cryoglobulinemia,
Dermatomyositis, Devic’s Disease, Encephalitis, Eosinophlic esophagitis, Eosinophilic fasciitis,
Erythema nodosum, Giant cell arteritis, Glomerulonephritis, Goodpasture’s syndrome,
Granuiomatosis with Polvangiitis {Wegener's), Graves’ Disease, Guillain-Barre syndrome,
Hashimoto’s thyroiditis, Hemolytic anemia, Henoch-Schoniein purpura, IgA nephropathy, inclusion
body myositis, Type | diabetes, interstitial cystitis, Kawasaki’s Disease, Leukocytoclastic vasculitis,
Lichen planus, Lupus {SLE), Microscopic polyangitis, Multiple sclerosis, Myasthenia gravis, myositis,
Optic neuritis, Pemphigus, POEMS syndromae, Polyarteritis nodosa, Primary biliary cirrhosis,
Psoriasis, Psoriatic arthritls, Pyodarma gangrenosurm, Relapsing polychondritis, Rheumnatoid
arthritis, Sarcoidosis, Scleroderma, Sjogren's syndrome, Takayasu's arteritis, Transverse myelitis,

Ulcerative colitis, Uveitis, and Vitiligo.

43, A method for treating inflammatory diseases or disorders in a mammal comprising
administering a therapeutically effective amount of a compound according to any one of claims 1-

8.

(%3]

44, The method of claim 43 wherein the inflamimatory disease or disorder is selected
from sinusitis, pneumonitis, osteormyelitis, gastritis, enteritis, gingivitls, appendicitis, irritable howel

syndrome, tissue graft rejection, chronic ohstructive pulmonary disease {COPD], septic shock, toxic
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shock syndrome, SIRS, bacterial sepsis, osteoarthritis, acute gout, acute lung injury, acute renal

failure, bhurns, Herxhelmer reaction, and SIR3 associated with viral infactions.

45, A method for treating or preventing a cancer in a mammal comprising
administering a therapeutically effective amount of a compound according to any one of claims 1-

38.

46, The method of claim 45 wherein the cancer is a midline carcinoma.

47, The method of claim 45 wherein the cancer exhibits overaxpression, translocation,

amplification, or rearrangement of a myc family oncoproteains.

48, The method of claim 45 wherein the cancer is characterized by overexprassion of

C-mye.

49, The method of claim 45 wherein the cancer is characterized by is characterized by

OV@E‘G‘XpFESSEOﬂ N-myc.

50, The method of claim 45 wherein the cancer results from aberrant regulation of BET
profeins.
51. The method of claim 45 wherein the cancer is characterized by recruitment of

pTEFD to regulate oncogenes.

52, The method of claim 45 wherein the cancer is characterized by upregulation of

CDKe, Bz, TYRO3, MYB and/or hTERT.

53. The method of claim 45 wherein the cancer is selected from: B-acute lymphocytic
leukemia, Burkitt's lymphoma, diffuse large cell lymphoma, multiple myeloma, primary plasma cell
leukemia, atypical carcinoid lung cancer, bladder cancer, breast cancer, cervix cancer, colon cancer,
gastric cancer, glioblastoma, hepatoceliular carcinoma, large cell neurcendocrine carcinoma,
medulloblastoma, meianoma, nodular melanoma, neuroblastoma, cesophageal squamous cell
carcinoma, osteosarcama, ovarian cancer, prostate cancer, renal clear cell carcinoma,
retinoblastoma, rhabdomyosarcoma, small cell lung carcinoma, NUT midline carcinoma, B-cell
fymphoma, non-smali cell lung cancer, esophageal cancer and head and neck squamous cell
carcinoma, chronic lymphocytic leukemia, follicular lymphoma, diffuse large B cell lymphoma with
germinal center phenotype, Burkitt’s lymphoma, Hodgkin's lymphoma, follicular lymphomas,
activated anaplastic large cell lymphoma, primary neurcectodermal tumor, pancreatic cancey,

adenoid cystic carcinoma, T-cell prolymphocytic leukemia, malignant ghioma, thyroid cancer,
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Barret’s adenocarcinoma, hepatoma, pro-myelocytic leukemia, chronic lympheocytic leukemia, and

mantle ceil lymphoma.

84, The method of any one of claims 45-53 wherein the compound of Formula tis

administared if combination with another anticancer agent.

55, The method of claim 54, wherein the anticancer agent is selected from ABT-737,
Azacitidine {Vidaza), AZD1152 {Barasertib), AZD2281 {Claparib), AZDE244 {Selumetinib), BEZ235,
Bleomiycin Sulfate, Bortezomib (Velcade), Busulfan {Myleran}, Camptothecin, Cisplatin,
Cyclophosphamide {Clafen), CYT387, Cytarabine {Ara-C), Dacarbazine, DAPT {G5H-IX}, Decitabine,
Dexarmethasone, Doxorubicin {Adriamycin), Etoposide, Everalimus {(RADOQL], Flavopiridol
{Alvocidib}, Ganetespib {STA-9090), Gefitinib {fressa), idarubicin, Hosfamide {Mitoxana), IFNa2a
{Roferon A}, Melphalan {Alkeran}, Methazolastone {temozolomide}, Matformin, Mitoxantrone
{Novantrone), Paclitaxel, Phenformin, FKC412 {(Midostauring, PLX4032 (Vemurafenib),
Pomalidomide {CC-4047), Prednisone {Deltasone), Rapamycin, Revlimid {Lenalidomide}, Ruxolitinib
{(INCBO18424), Sorafenih {Nexavar), SU11248 {Sunitinib], SUL1274, Vinbiastine, Vincristine

{Oncovin), Vinorelbine {Navelbine), Vorinostat {SAHA], and WP1130 {Degrasyn}.

56. A method of treating a cardiovascular diseass comprising administering a

therapeutically effective amount of a compound according to any one of claims 1-36.

57. The method of claim 58, wherein the cardiovascular disease is dyslipidemia,

atherosclerosis, hypercholesterolemia, or metabolic syndrome.

58&. A method of treating insulin resistance diabetes comprising administering a

therapeuticaily effective amount of a compound according to any one of claims 1-36.

54. A method of treating a naurolegical disorder comprising administering a

therapeutically effective amount of a compound according to any one of claims 1-36.

59, The method of claim 58 wherein the neurological disorder is Alzheimer’s disease,
Parkinson’s disease, Huntington disease, bipolar disorder, schizophrenia, Rubinstein-Taybi

syndrome, or epilepsy.

60. A method of male contraception comprising administering a therapeutically

effective amount of a compound according to any one of claims 1-36.

61. A method of treating HIV comprising administering a therapeutically effective

amount of a compound according to any one of claims 1-36.
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63, A method of treating a cancer associated with a viral infection comprising
administering a therapeutically effective amount of a compound according to any one of claims 1-

&.

[#3)

63. The method of claim 62 wherein the virus is selected from Epstein-Barr Virus,
hepatitis B virus, hepatitis C virus, Kaposi's sarcoma associated virus, human papilloma virus,

Merket cell polvomavirus, and human cytomegalovirus,

64, A compound according to any one of claims 1-36 for use in inhibiting BET proteins

ina mammal

65. A compound according to any one of claims 1-36 for use in treating a disease that

is sensitive to a BET inhibitor.

66. A compound according to any one of claims 1-36 for use in treating an

autoimmune disease in 8 mammal.

67. The compound for use according to claim 66, wherein the autoimmune disease is
selacied from Acute Disseminated Encephalomyelitis, Agammaglobulinemia, Allergic Disease,
Ankylosing spondylitis, Anti-GBM/Anti-TBM nephritis, Anti-phospholipid syndrome, Autcimmune
aplastic anemia, Autoimmune hepatitis, Autoimmune inner ear disease, Autoimmune myocarditis,
Autoimmune pancreatitis, Autoimmune retinopathy, Autcimmune thrombocytopenic purpura,
Behcet's Disease, Bullous pemphigoid, Castleman’s Disease, Celiac Disease, Churg-Strauss
syndrome, Crohn's Disease, Cogan’s syndrome, Dry eye syndrome, Essential mixed
cryoglobulinemia, Dermatomyositis, Devic’s Disease, Encephalitis, Eosinophlic esophagitis,
Eosinophilic fasciitis, Erythema nodosum, Glant cell arteritis, Glomerulonephritls, Goodpasture’s
syndrome, Granulomatosis with Polyangiitis {Wegener's}, Graves’ [isease, Guillain-Barre
syndrome, Hashimoto's thyroiditis, Hemolytic anemia, Henoch-Schonlein purpurs, IgA
nephropathy, Inclusion body myositis, Type | diabetes, Interstitial cystitis, Kawasaki's Disease,
Leukocytociastic vasculitis, Lichen planus, Lupus {SLE}, Microscopic polyangitis, Multiple sclerosis,
Myasthenia gravis, myositis, Optic neuritis, Pemphigus, POEMS syndrome, Polyarteritis nodosa,
Primary biliary cirrhosis, Psoriasis, Psoriatic arthritis, Pyoderma gangrenosum, Relapsing
eolychondritis, Rheumatoid arthritis, Sarcoidosis, Scleroderma, Sjogren's syndrome, Takayasu's

arteritis, Transverse myelitis, Ulcerative colitis, Uveltis, and Vitiligo.

68, A compound according to any one of claims 1-36 for use in treating inflammatory

diseasss or disorders in a mammal.
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£9. The compound for use according to claim 68, wherein the inflammatory disease or
disorder is selected from sinusitis, pneumaonitis, osteomvyelitis, gastritls, enteritis, gingivitis,
appendicitis, irritable bowel syndrome, tissue graft rejection, chronic obstructive puimonary
disease {COPD), septic shock, toxic shock syndrome, SIRS, bacterial sepsis, osteocarthritis, acute
gout, acute lung injury, acute renal fallure, burns, Herxhelmer reaction, and SIRS associated with

viral infections.

70. A compound according to any one of claims 1-36 for use in treating or preventing a

cancer in a manmwnal,

7i. The compound for use according to claim 70, wherein the cancer is a midiine

carcinoma,

72. The compound for use according to claim 70, wherein the cancer exhibits

overexpression, translocation, amplification, or rearrangement of a myc family oncoproteins,

73. The compound for use according to claim 70, wherein the cancer is characterized

by overexprassion of c-mye.

74. The compound for use according to claim 70, wherein the cancer is characterized

by is characterized by oversxpression n-myc.

75, The compound far use according to claim 70, wherein the cancer resuits from

aberrant regulation of BEY proteins.

76, The compound for use according to claim 70, wherein the cancer is characterized

by recruitment of pTEFb to regulate oncogenes.

77. The compound for use according to claim 70, wherein the cancer is characterized

by upregulation of CDKG, Bol2, TYRO3, MYB and/or hTERT.

78. The compound for use according to claim 70, wherein the cancer is selectad from:
B-acute lymphocytic leukemia, Burkitt's lymphoma, diffuse large cell ymphoma, multipie
myeloma, primary plasma cell leukemia, atypical carcinoid lung cancer, bladder cancar, breast
cancer, cervix cancer, colon cancer, gastric cancer, gliobiastoma, hepatoceliular carcinoma, large
cell neurcendocring carcinoma, medulloblastoma, melanoma, nodular melanoma, neuroblastoma,
vesophageal squamous cell carcinoma, osteosarcoma, ovarian cancer, prostate cancer, renal clear
cell carcinoma, retinohlastoma, rhabdomyosarcoma, small cell lung carcinoma, NUT midline

carcinoma, B-cell lymphoma, non-small cell lung cancer, esophageal cancer and head and neck
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squamous cell carcinoma, chronic lymphocytic leukemia, follicular lymphoma, diffuse large B cell
iymphoma with germinal center phenotype, Burkitt's lyraphoma, Hodgkin's lymphoma, follicular
lymphomas, activated anaplastic large cell lymphoma, primary neurcectodermal tumor, pancreatic
cancer, adencid cystic carcinoma, T-cell prolymphocytic leukemia, malignant glioma, thyroid
cancer, Barret’s adenocarcinoma, hepatoma, pro-myelocytic leukemia, chronic lymphocytic

leukemia, and mantle cell lymphoma.

79. The compound for use according to any one of claims 70-78 wherein the

compound of Formula | is administered in cormbination with another anticancer agent.

a0, The compound for use according to claim 79, wherein the anticancer agent is
selected from ABT-737, Azacitidine {Vidaza), AZD1152 {Barasertih}, AZD2281 {Olaparib}, AZDE244
{Selumnetinib), BEZ235, Bleomwycin Sulfate, Bortezomib {Velcade), Busulfan {Myleran),
Camptothecin, Cisplatin, Cyclophosphamide {Clafen), CYT387, Cytarabine {Ara-C}, Dacarbazing,
DAPT (GSI-X), Decitabine, Dexamethasone, Doxorubicin {Adriamycin}, Etoposide, Everolimus
{RADOO1), Flavopiridol {Alvacidib), Ganetespib {STA-D080), Gefitinib {iressa), idarubicin, osfamide
{Mitoxana), iIFNaZa {Roferon A}, Melphalan {Alkeran}, Methazolastone {temozolomide],
Metformin, Mitoxantrone {Novantrone), Paclitaxel, Phenformin, PKC412 {Midostaurin}, PLX4032
{Vemurafenib), Pomalidomide {CC-4047}, Prednisone {Deltasone), Rapamycin, Revlimid
{Lenalidomide), Ruxolitinib (INCBO18424), Sorafenib {Nexavar}, SU11248 {Sunitinib), 5U11274,

vinblastine, Vincristine {Oncovin}, Vinorelbine {Navelbing), Vorinostat (SAHA}, and WP1130

{Degrasyn}.

81. A compound according to any one of claims 1-36 for treating a cardiovascular
disease,

82, The compournd for use of claim 81, wherein the cardiovascular disease is

dyslipidemia, atherosclerosis, hypercholesterolemia, or metabolic syndrome.

83, A compound according to any one of claims 1-36 for use in treating insulin

resistance diabetes.

84, A compound according to any one of claims 1-36 for use in treating a neurological
disorder,
85. The compound for use according to claim 84, wherein the neurological disorder is

Alzheimer's disease, Parkinson’s disease, Huntington disease, bipolar disorder, schizophrenia,

Rubinstein-Taybi syndrome, or epilepsy.

1468



WO 2014/080290 PCT/IB2013/003122

&6. A compound according to any one of claims 1-36 for use in male contraception.
27. A compound according to any one of claims 1-36 for use in treating HIV,
88, A compound according to any one of claims 1-36 for use in treating a cancer

associated with a viral infection.

83, The compound for use according 1o claim 88, wherein the virus is selected from
Epstein-Barr Virus, hepatitis B virus, hepatitis C virus, Kaposi's sarcoma associated virus, human

papilioma virus, Merkel cell polyomavirus, and human cytomegalovirus,

a90. Use of a compound according to any one of claims 1-36 in the manufacture of a

medicament for inhibiting BET proteins in a mammal.

a1, Use of a compound according to any one of claims 1-36 in the manufacture of a

maedicament for treaiing a disease that is sensitive to a BET inhibitor.

92. Use of a compound according 1o any one of claims 1-36 in the manufacture of a

medicament for treating an autcimmune disease in a maromal.

a3, The use according to claim 92, wherein the autoimmune disease is selected from
Acute Disseminated Encephalomyelitis, Agammaglobulinemia, Allergic Disease, Ankylosing
spondylitis, Anti-GBM/Anti-TBM nephritis, Anti-phospholipid syndrome, Autsimmune aplastic
anernia, Autolmmune hepatitis, Autoimmune inner gar disease, Autoimmune myocarditis,
Autoimimune pancreatitis, Auteimmune retinopathy, Autolmmune thrombocytopenic purpura,
Behcet's Disease, Bullous pemphigoid, Castleman’s Disease, Celiac Disease, Churg-Strauss
syndrome, Crohn's Disease, Cogan’s syndrome, Dry eye syndrome, Essential mixed
cryoglobulinemia, Dermatomyositis, Devic's Disease, Encephalitis, Eosinophlic esophagitis,
Eosinophilic fasciitis, Erythema nodosum, Giant cell arteritis, Glomerulonephritis, Goodpasture’s
syndrome, Granulomatosis with Polyangiitis {Wegener's), Graves’ Disease, Guiliain-Barre
syndrome, Hashimoto's thyroiditis, Hemolytic anernia, Henoch-Schonlein purpurg, igA
nephropathy, Inclusion body rmyaositis, Type | diabetes, Interstitial cystitis, Kawasaki’s Disease,
Leukocytoclastic vasculitis, Lichen planus, Lupus {SLE}, Microscopic polyangitis, Multiple sclevosis,
Myasthenia gravis, myositis, Optic neuritis, Pemphigus, POEMS syndrome, Polyarteritis nodosa,
Primary biliary cirrhosis, Psoriasis, Psoriatic arthritis, Pyoderma gangrenosum, Relapsing
polychondritis, Rneumatoid arthritis, Sarcoidosis, Scleroderma, Sjogren's syndrome, Takayasu's

arteritis, Transverse myelitis, Ulcerative colitis, Uveitls, and Vitiligo.
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94. tise of a compound according to any one of claims 1-36 in the manufacture of a

medicament for treating inflammatory diseases or disorders in a mammal,

95, The use according to claim 94, wherein the inflaramatory disease or disorder is
selected from sinusitis, pneumonitis, osteomyelitis, gastritis, enteritls, gingivitis, appendicitis,
irritable bowel syndrome, tissue graft rejaction, chronic ohstructive pulmonary disease (COPD),
septic shock, toxic shock syndrome, SIRS, bacterial sepsis, ostecarthritis, acute gout, acute lung

injury, acute renal fatlure, burns, Herdheimer reaction, and SIRS associated with viral infections.

a4, Use of a compound according to any one of claims 1-36 in the manufacture of a

medicament for treating or preventing a cancer in 8 mammal,

g7 The use according to claim 95, wherein the cancar is a midiine carcinoma.
a8, The use according to claim 96, wherein the cancer exhibits overexpression,

translocation, amplification, or rearrangement of & myc family oncoproteins.

ag, The use according to claim 38, wherein the cancer is characterized by

overexprassion of c-myc.

100, The use according to claim 96, wherein the cancer is characterized by is

characterized by overexpression n-myc.

101, The use according to claim 96, wherein the cancer rasults from aberrant regulation

of BET proteins.

1032, The use according to claim 96, wherein the cancer is characterized by recruitiment

of pTEFb to regulate oncogenes.

3103, The use according to claim 96 , wherein the cancer is characterized by upregulation

of COKE, Bel2, TYRO3, MYB and/or hTERT.

104.  The use according 1o claim 96, wherein the cancer is selected from: B-acute
iymphocytic leukemia, Burkitt's lymphoma, diffuse large cell lymphoma, multiple myeloma,
primary plasma cell leukemia, atypical carcinoid fung cancer, bladder cancer, breast cancer, cervix
cancer, colon cancer, gastric cancer, glioblastoma, hepatoceliular carcinoma, large cell
neuroendocrine carcinoma, medulioblastoma, melanoma, nodular melanoma, neuroblastoma,
sesophageal squamous cell carcinoma, osteosarcoma, ovarian cancer, prostate cancer, renal clear
cell carcinoma, retinoblastoma, rhabdomyosarcoma, small cell lung carcinoma, NUT midline

carcinoma, B-cell lymphoma, non-small cell fung cancer, esophages! cancer and head and neck
110
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sguamous cell carcinoma, chronic lymphooytic leukemia, follicular lymphoma, diffuse large B cell
lvmphoma with germinal center phenotype, Burkitt's lymphoma, Hodglin's iymphoma, follicular
lymphomas, activated anaplastic large cell lymphoma, primary neuroectodermal tumor, pancreatic
cancer, adenoid cystic carcinoma, T-cell prolymphooytic leukemia, malignant gioma, thyroid
cancer, Barret’s adenocarcinema, hepatoma, pro-myelocytic lsukemia, chronic lymphocytic

leukemia, and mantie cell lymphoma.

108, The use according to any one of claims 36-104 wherein the compound of Formula |

is administered in combination with another anticancer agent.

106, The use according to claim 105, wherein the anticancer agent is selected from ABT-
737, Azacitidine {Vidaza), AZD1152 {Barasertib}, AZD2281 {Claparib), AZDE244 {Selumetinib),
BEZ235, Rleomycin Sulfate, Borteromib {Velcade), Busulfan {Myleran}, Camptothecin, Cisplatin,
Cyclophosphamide {Clafen), CYT387, Cytarabine {Ara-C}, Dacarbazine, DAPT {GSHIX), Decitabine,
Dexarmethasone, Doxorubicin {Adriamycin), Etoposide, Everolimus {RADOO1), Flavopiridol
{Alvocidibl, Ganetespib {STA-9090), Gefitinib {iressa}, Idarubicin, fosfamide (Mitoxana), IFNa2a
{Roferon A, Melphalan {Alkeran}, Methazolastone {temozolomide}, Metformin, Mitoxantrone
{Novantrona), Paclitaxel, Phenformin, PKC412 (Midostaurin], PLX4032 {Vermurafenib),
Pomalidomide {CC-4047), Prednisone {Deltasone), Rapamycin, Revlimid {Lenalidomide}, Ruxolitinib
{INCBO18424), Sorafenib {Nexavar), SU11248 (Sunitinib}, SU11274, Vinblastine, Vincristine

{Oncovin, Vinorelhine {Naveibine}, Vorinostat {SAHA), and WP1130 {Degrasyn).

107. Use of a compound according to any one of claims 1-36 in the manufacture of a

medicament for ireating a cardiovascular disease.

108.  The use according to claim 107, wherein the cardiovascular dissase is dyslipidemia,

atherosclerosis, hypercholesterolemia, or metabolic syndrome.

108.  Use of a compound according to any one of claims 1-26 in the manufacture of a

madicament for treating insulin resistance diabetes.

110, Use of a compound according to any one of claims 1-36 in the manufacture of a

medicament for treating a neurclogical disorder.

111, The use according to claim 110, wharein the neurological disorder is Alzheimer’s
disease, Parkinson’s disease, Huntington disease, bipolar disorder, schizophrenia, Rubinstein-Taybi

syndrome, or epilepsy.
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112, Use of a compound according to any one of clalms 1-36 in the manufacturs of 3

medicament for male contraception.

113, Use of a compound according to any one of claims 1-36 in the manufacture of 3

medicament for treating HIV.

114, Use of a compound according to any one of claims 1-36 in the manufacture of a

medicament for treating a cancer associated with a viral infection,

115,  The use according to claim 114, wherein the virus is selected from Epstein-Barr
Virus, hepatitis B virus, hepatitis Cvirus, Kaposi's sarcoma associated virus, human papilfoma virus,

Merkel celi polyomavirus, and human cytomegalovirus.
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