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KINASE INHIBITORS FOR THE TREATMENT OF DISEASE

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to, and the benefit of, U.S. Provisional Application
Nos. 61/844,304, filed July 9, 2013, and 61/901,808, filed November 8, 2013, the contents of

each of which are incorporated herein by reference in their entirety.

BACKGROUND

Lung cancer is the most common cause of cancer related deaths in both men and
women in the United States (Jemal, A., Cancer Statistics, 2007, CA Cancer J. Clin. 2007; 57:
43-66). The majority of patients (80%) will have non-small cell lung cancer (NSCLC) and
will present with advanced stage lung cancer which is incurable with currently available
therapies. For patients with advanced NSCLC, chemotherapy is the mainstay of treatment and
is associated with a median survival of 8-10 months. These figures have changed very little in
the last 25 years.

An important research goal has been to understand critical molecular alterations in
NSCLC which may lead to the identification of effective therapies for NSCLC patients. A
compelling example of this approach was the discovery of somatic mutations in the epidermal
growth factor receptor (EGFR) and their association with dramatic clinical benefits in patients
with EGFR mutant NSCLC treated with EGFR tyrosine kinase inhibitors (TKIs). EGFR TKIs
have been shown to be effective therapeutic agents for patients with non-small cell lung
cancer (NSCLC) with tumors that harbor somatic activating mutations in EGFR. In
prospective clinical trials, 60-80% of NSCLC patients with EGFR mutations, exhibited tumor
regression when treated with gefitinib or erlotinib lasting on average 9-13 months (Inoue, A.,
et al. J Clin Oncol 2006; 24: 3340-6; Paz-Ares, et al. Journal of Clinical Oncology 2006; 24:
Abstract 7020; Okamoto, 1., et al. Journal of Clinical Oncology 2006; 24: Abstract 7073;
Sutani, A., et al. Journal of Clinical Oncology 2006; 24: Abstract 7076; Morikawa, N.,
Journal of Clinical Oncology 2006; 24: Abstract 7077; Sequist, L. V., et al. Journal of
Clinical Oncology, 2007 ASCO Annual Meeting Proceedings 2007; 25: a7504).

In a phase III clinical trial chemotherapy naive NSCLC patients with EGFR mutations
had a significantly longer progression free survival when treated with an EGFR TKI than with
conventional chemotherapy. EGFR mutations are only found in 10-15% of all NSCLC
patients. Responders typically relapse 6-19 months after taking EGFR TKIs as a consequence

of becoming resistant to the inhibitors. There is currently no FDA approved therapy for
1
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NSCLC patients that develop resistance to EGFR TKIs. The most common mechanism of
resistance is mutation of the EGFR ATP-binding site in a manner that renders the site less
sengsitive to drug inhibition. For example the most common resistance mutation occurs at the
gatekeeper T790M position. This mechanism of resistance is found in 50% of EGFR mutant
NSCLC patients that develop resistance to EGFR kinase inhibitors gefitinib or erlotinib.
Another mechanism of resistance involves upregulation of alternative signal transduction
pathways.

More recently the EML4-ALK fusion protein has been found to be an oncogenic
driver in non-small cell lung cancer and the first targeted therapy, crizotinib has been
approved for the treatment of this patient subset by the FDA. Cancer genomics efforts have
recently also resulted in the identification of oncogenic driver mutations in two other receptor
tyrosine kinases: ROS1 and FGFR.

There is a need for the development of small molecule inhibitors that potently and
selectively inhibit the activity of wild-type and mutant forms of EGFR, FGFR, ALK, ROSI1,
JAK, BTK, BLK, ITK, TEC, and TXK for the treatment of cancer, including NSCLC.

SUMMARY OF THE INVENTION
The present invention relates to compounds that inhibit EGFR, FGFR, ALK, ROSI
JAK, BTK, BLK, ITK, TEC, and/or TXK kinase, and methods of preparing the compounds.

Specifically, the present invention provides a compound of Formula I:

X4 Xs m,

or a pharmaceutically acceptable salt thereof, wherein Xy, X5, Xz,, Xsb, X4, Xs, Y, Z1, 7o, Z3,
Q, and n are each selected from the various groups of chemical moieties defined or illustrated
herein.

The present invention also relates to a pharmaceutical composition comprising a
compound of the invention, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier or excipient.

The present invention also relates to methods of treating or preventing a disease or

disorder mediated by a kinase, such as EGFR, by administering to a subject in need thereof, a
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therapeutically effective amount of a compound of the present invention, or a
pharmaceutically acceptable salt thereof, in combination with a pharmaceutically acceptable
carrier or excipient, such that the disease or disorder is treated or prevented.

The present invention also relates to the manufacture of a medicament for treating or
preventing a disease or disorder mediated by a kinase, such as EGFR, wherein the
medicament comprises a compound of the invention, or a pharmaceutically acceptable salt
thereof.

The present invention also relates to a composition for use in a method of treating or
preventing a disease or disorder mediated by a kinase, such as EGFR, wherein the
composition comprises a compound of the invention, or a pharmaceutically acceptable salt
thereof.

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. In the specification, the singular forms also include the plural unless the context
clearly dictates otherwise. Although methods and materials similar to or equivalent to those
described herein can be used in the practice and testing of the invention, suitable methods and
materials are described below.  All publications, patent applications, patents, and other
references mentioned herein are incorporated by reference. The references cited herein are
not admitted to be prior art to the claimed invention. In the case of conflict, the present
specification, including definitions, will control. In addition, the materials, methods, and
examples are illustrative only and not intended to be limiting.

Other features and advantages of the invention will be apparent from the following

detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A is a series of bar graphs showing percentage of EGFR activity in samples treated
with various compounds of the invention as compared to samples treated with control, WZ-
AD, or WZ4002.

Figure 1B is a series of plots displaying decrease in EGFR activity upon treatment with
increasing concentrations of various compounds of the invention as compared to WZ4002.
Figure 2A is a series of bar graphs showing percentage of EGFR activity in samples treated
with various compounds of the invention as compared to samples treated with control,

ZD1839, or WZ4002.
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Figure 2B is a series of bar graphs showing percentage of EGFR activity in samples treated
with various compounds of the invention as compared to samples treated with control,
ZD1839, or WZ4002.

Figure 3A is a series of bar graphs showing percentage of EGFR activity in samples treated
with various compounds of the invention as compared to samples treated with control,
ZD1839, or WZ4002.

Figure 3B is a series of bar graphs showing percentage of EGFR activity in samples treated
with various compounds of the invention as compared to samples treated with control,
ZD1839, or WZ4002.

Figure 4A is a series of bar graphs showing percentage of EGFR activity in samples treated
with various compounds of the invention as compared to samples treated with control,
ZD1839, or WZ4002.

Figure 4B is a series of plots displaying decrease in EGFR activity upon treatment with
increasing concentrations of various compounds of the invention as compared to WZ4002.
Figure 4C is a series of plots displaying decrease in EGFR activity upon treatment with
increasing concentrations of various compounds of the invention as compared to WZ4002.
Figure SA is a series of plots displaying decrease in EGFR activity upon treatment with
increasing concentrations of various compounds of the invention as compared to WZ4002 or
Gefitinib.

Figure 5B is a series of plots displaying decrease in EGFR activity upon treatment with
increasing concentrations of various compounds of the invention as compared to WZ4002 or
Gefitinib.

Figure 5C is a Western blot showing EGFR phosphorylation in samples treated with a
compound of the invention or WZ4002.

Figure 6 is a series of plots displaying decrease in EGFR activity upon treatment with
increasing concentrations of various compounds of the invention as compared to WZ4002.
Figure 7 is a series of plots displaying decrease in EGFR activity upon treatment with

increasing concentrations of various compounds of the invention as compared to WZ4002.

DETAILED DESCRIPTION OF THE INVENTION
Definitions
For purposes of the present invention, the following definitions will be used (unless

expressly stated otherwise):
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The term “a compound of the invention” or “compounds of the invention” refers to a
compound(s) disclosed herein e.g., a compound(s) of the invention includes a compound(s) of
any of the formulae described herein including formulae I, I1a, IIb, III, IV, Va, Vb, VIa, VIb,
Vlla, VIIb, VIIia, VIIIb, IXa, IXb, Xa, Xb, XIa, and XIb, and/or a compound(s) explicitly
disclosed herein. Whenever the term is used in the context of the present invention it is to be
understood that the reference is being made to the free base and the corresponding
pharmaceutically acceptable salts thereof, provided that such is possible and/or appropriate
under the circumstances. It is understood that formulae Ila, IIb, 111, IV, Va, Vb, VIa, VIb,
Vlla, VIIb, VlIlla, VIIb, IXa, IXb, Xa, Xb, Xla, and XIb described herein are subsets of
formula I.

The term "alkyl," as used herein, refers to saturated, straight- or branched-chain
hydrocarbon radicals containing, in certain embodiments, between one and six, or one and
cight carbon atoms, respectively. Examples of C;-Cs alkyl radicals include, but are not limited
to, methyl, ethyl, propyl, isopropyl, butyl, tert-butyl, neopentyl, n-hexyl radicals; and
examples of C;-Cs alkyl radicals include, but are not limited to, methyl, ethyl, propyl,
isopropyl, n-butyl, tert-butyl, neopentyl, n-hexyl, heptyl, octyl radicals. The term "alkenyl,” as
used herein, denotes a monovalent group derived from a hydrocarbon moiety containing, in
certain embodiments, from two to six, or two to eight carbon atoms having at least one
carbon-carbon double bond. The double bond may or may not be the point of attachment to
another group. Examples of C,-Cs alkenyl groups include, but are not limited to, for example,
ethenyl, propenyl, butenyl, I-methyl-2-buten-1-yl, heptenyl, octenyl and the like.

The term "alkoxy" refers to an -O-alkyl radical.

The term "aryl," as used herein, refers to a mono- or poly-cyclic carbocyclic ring
system having one or more aromatic rings, fused or non-fused, including, but not limited to,
phenyl, naphthyl, tetrahydronaphthyl, indanyl, idenyl and the like. The term aryl includes
indoline.

The term "cycloalkyl," as used herein, denotes a monovalent group derived from a
monocyclic or polycyclic saturated or partially unsatured carbocyclic ring compound.
Examples of C;-Cg-cycloalkyl (3- to 8-membered cycloalkyl) include, but not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclopentyl and cyclooctyl; and examples
of Cs-Ci »-cycloalkyl include, but not limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, bicyclo [2.2.1] heptyl, and bicyclo [2.2.2] octyl. Also contemplated is a

monovalent group derived from a monocyclic or polycyclic carbocyclic ring compound
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having at least one carbon-carbon double bond by the removal of a single hydrogen atom.
Examples of such groups include, but are not limited to, cyclopropenyl, cyclobutenyl,
cyclopentenyl, cyclohexenyl, cycloheptenyl, cyclooctenyl, and the like.

The term "heteroaryl,” as used herein, refers to a mono- or poly-cyclic (e.g., bi-, or tri-
cyclic or more) fused or non-fused, radical or ring system having at least one aromatic ring,
having from five to ten ring atoms of which one ring atoms is selected from S, O and N; zero,
one or two ring atoms are additional heteroatoms independently selected from S, O and N;
and the remaining ring atoms are carbon. The term “S- or 6-membered heteroaryl” is taken to
mean a ring having five or six ring atoms of which one ring atom is selected from S, O, and
N. Heteroaryl includes, but is not limited to, pyridinyl, pyrazinyl, pyrimidinyl, pyrrolyl,
pyrazolyl, imidazolyl, thiazolyl, oxazolyl, isooxazolyl, thiadiazolyl, oxadiazolyl, thiophenyl,
furanyl, quinolinyl, isoquinolinyl, benzimidazolyl, benzooxazolyl, quinoxalinyl, and the like.

The term “3- to 8-membered heterocyclic” as used herein, refers to a non-aromatic 3-,
4-, 5-, 6- 7-, or 8-membered ring or a bi- or tri-cyclic group fused of non-fused system, where
(1) each ring contains between one and three heteroatoms independently selected from
oxygen, sulfur and nitrogen, (ii) each 5S-membered ring has 0 to 1 double bonds and each 6-
membered ring has 0 to 2 double bonds, (iii) the nitrogen and sulfur heteroatoms may
optionally be oxidized, (iv) the nitrogen heteroatom may optionally be quaternized, and (iv)
any of the above rings may be fused to a benzene ring. Representative heterocycloalkyl
groups include, but are not limited to, [1,3]dioxolane, pyrrolidinyl, pyrazolinyl, pyrazolidinyl,
imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, oxazolidinyl, isoxazolidinyl,
morpholinyl, thiazolidinyl, isothiazolidinyl, and tetrahydrofuryl.

In accordance with the invention, any of the aryls, substituted aryls, heteroaryls and
substituted heteroaryls described herein, can be any aromatic group. Aromatic groups can be
substituted or unsubstituted.

The terms "hal," "halo," and "halogen,” as used herein, refer to an atom selected from
fluorine, chlorine, bromine and iodine.

As described herein, compounds of the invention may optionally be substituted with
one or more substituents, such as are illustrated generally above, or as exemplified by
particular classes, subclasses, and species of the invention. It will be appreciated that the
phrase "optionally substituted" is used interchangeably with the phrase "substituted or

unsubstituted." In general, the term "substituted", whether preceded by the term "optionally"



10

15

20

25

30

WO 2015/006492 PCT/US2014/046022

or not, refers to the replacement of hydrogen radicals in a given structure with the radical of a
specified substituent.

Unless otherwise indicated, an optionally substituted group may have a substituent at
each substitutable position of the group, and when more than one position in any given
structure may be substituted with more than one substituents selected from a specified group,
the substituent may be either the same or different at every position.

The term "cancer” includes, but is not limited to, the following cancers: epidermoid
Oral: buccal cavity, lip, tongue, mouth, pharynx; Cardiac: sarcoma (angiosarcoma,
fibrosarcoma, rhabdomyosarcoma, liposarcoma), myxoma, rhabdomyoma, fibroma, lipoma
and teratoma; Lung: bronchogenic carcinoma (squamous cell or epidermoid, undifferentiated
small cell, undifferentiated large cell, adenocarcinoma), alveolar (bronchiolar) carcinoma,
bronchial adenoma, sarcoma, lymphoma, chondromatous hamartoma, mesothelioma;
Gastrointestinal: esophagus (squamous cell carcinoma, larynx, adenocarcinoma,
leiomyosarcoma, lymphoma) , stomach (carcinoma, lymphoma, leiomyosarcoma), pancreas
(ductal adenocarcinoma, insulinoma, glucagonoma, gastrinoma, carcinoid tumors, vipoma),
small bowel or small intestines (adenocarcinoma, lymphoma, carcinoid tumors, Karposi's
sarcoma, leiomyoma, hemangioma, lipoma, neurofibroma, fibroma), large bowel or large
intestines (adenocarcinoma, tubular adenoma, villous adenoma, hamartoma, leiomyoma),
colon, colon-rectum, colorectal, rectum; Genitourinary tract: kidney (adenocarcinoma, Wilm
's tumor (nephroblastoma) , lymphoma, leukemia), bladder and urethra (squamous cell
carcinoma, transitional cell carcinoma, adenocarcinoma), prostate (adenocarcinoma,
sarcoma), testis (seminoma, teratoma, embryonal carcinoma, teratocarcinoma,
choriocarcinoma, sarcoma, interstitial cell carcinoma, fibroma, fibroadenoma, adenomatoid
tumors, lipoma); Liver: hepatoma (hepatocellular carcinoma), cholangiocarcinoma,
hepatoblastoma, angiosarcoma, hepatocellular adenoma, hemangioma, biliary passages; Bone
: osteogenic sarcoma (osteosarcoma) , fibrosarcoma, malignant fibrous histiocytoma,
chondrosarcoma, Ewing's sarcoma, malignant lymphoma (reticulum cell sarcoma), multiple
myeloma, malignant giant cell tumor chordoma, osteochronfroma (osteocartilaginous
exostoses), benign chondroma, chondroblastoma, chondromyxoflbroma, osteoid osteoma and
giant cell tumors; Nervous system: skull (osteoma, hemangioma, granuloma, xanthoma,
osteitis deformans), meninges (meningioma, meningiosarcoma, gliomatosis), brain
(astrocytoma, medulloblastoma, glioma, ependymoma, germinoma (pinealoma), glioblastoma

multiform, oligodendroglioma, schwannoma, retinoblastoma, congenital tumors), spinal cord
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neurofibroma, meningioma, glioma, sarcoma); Gynecological: uterus (endometrial
carcinoma), cervix (cervical carcinoma, pre-tumor cervical dysplasia), ovaries (ovarian
carcinoma (serous cystadenocarcinoma, mucinous cystadenocarcinoma, unclassified
carcinoma), granulosa-thecal cell tumors, Sertoli-Leydig cell tumors, dysgerminoma,
malignant teratoma), vulva (squamous cell carcinoma, intraepithelial carcinoma,
adenocarcinoma, fibrosarcoma, melanoma), vagina (clear cell carcinoma, squamous cell
carcinoma, botryoid sarcoma (embryonal rhabdomyosarcoma), fallopian tubes (carcinoma),
breast; Hematologic: blood (myeloid leukemia (acute and chronic), acute lymphoblastic
leukemia, chronic lymphocytic leukemia, myeloproliferative diseases, multiple myeloma,
myelodysplastic syndrome), Hodgkin's disease, non-Hodgkin's lymphoma (malignant
lymphoma) hairy cell; lymphoid disorders; Skin: malignant melanoma, basal cell carcinoma,
squamous cell carcinoma, Karposi's sarcoma, keratoacanthoma, moles dysplastic nevi ,
lipoma, angioma, dermatofibroma, keloids, psoriasis, Thyroid gland: papillary thyroid
carcinoma, follicular thyroid carcinoma; medullary thyroid carcinoma, undifferentiated
thyroid cancer, multiple endocrine neoplasia type 2A, multiple endocrine neoplasia type 2B,
familial medullary thyroid cancer, pheochromocytoma , paraganglioma; and Adrenal glands:
neuroblastoma. Thus, the term "cancerous cell" as provided herein, includes a cell afflicted by
any one of the above-identified conditions.

The term "EGFR kinase" herein refers to epidermal growth factor receptor kinase.

The term “FGFR kinase” herein refers to fibroblast growth factor receptor tyrosine
kinase.

The term "HER" or "Her" herein refers to human epidermal growth factor receptor
kinase.
The term "subject" as used herein refers to a mammal. A subject therefore refers to,

for example, dogs, cats, horses, cows, pigs, guinea pigs, and the like. Preferably the subject is
a human. When the subject is a human, the subject may be referred to herein as a patient.

29 ¢

As used herein, the term “treat,” “treating,” or “treatment” herein, is meant decreasing the
symptoms, markers, and/or any negative effects of a disease in any appreciable degree in a
patient who currently has the disease. Treatment refers to a method of alleviating or abating a
disease and/or its attendant symptoms.

29 &

As used herein, the term “prevent revention,” or “preventing” refers to an
] 2 2 y

method to partially or completely prevent or delay the onset of one or more symptoms or
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features of a disease. Prevention may be administered to a subject who does not exhibit signs
of a disease.

As used herein, the term "pharmaceutically acceptable salt" refers to those salts of the
compounds formed by the process of the present invention which 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 and the like, and are
commensurate with a reasonable benefit/risk ratio. Pharmaceutically acceptable salts are well
known in the art. For example, S. M. Berge, et al. describes pharmaceutically acceptable salts
in detail in J. Pharmaceutical Sciences, 66: 1-19 (1977). The salts can be prepared in situ
during the final isolation and purification of the compounds of the invention, or separately by
reacting the free base function with a suitable organic acid. Examples of pharmaceutically
acceptable include, but are not limited to, nontoxic acid addition salts are salts of an amino
group formed with inorganic acids such as hydrochloric acid, hydrobromic acid, phosphoric
acid, sulfuric acid and perchloric acid or with organic acids such as acetic acid, maleic acid,
tartaric acid, citric acid, succinic acid or malonic acid or by using other methods used in the
art such as ion exchange. Other pharmaceutically acceptable salts include, but are not limited
to, adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate,
butyrate, camphorate, camphorsulfonate, citrate, cyclopentanepropionate, digluconate,
dodecylsulfate, ethanesulfonate, formate, fumarate, glucoheptonate, glycerophosphate,
gluconate, hemisulfate, heptanoate, hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate,
lactobionate, lactate, laurate, lauryl sulfate, malate, maleate, malonate, methanesulfonate, 2-
naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate,
persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, stearate, succinate,
sulfate, tartrate, thiocyanate, /7-toluenesulfonate, undecanoate, valerate salts, and the like.
Representative alkali or alkaline earth metal salts include sodium, lithium, potassium,
calcium, magnesium, and the like. Further pharmaceutically acceptable salts include, when
appropriate, nontoxic ammonium, quaternary ammonium, and amine cations formed using
counterions such as halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, alkyl having
from 1 to 6 carbon atoms, sulfonate and aryl sulfonate.

The term "pharmaceutically acceptable prodrugs” as used herein refers to those
prodrugs of the compounds formed by the process of the present invention which are, within
the scope of sound medical judgment, suitable for use in contact with the tissues of humans

and lower animals with undue toxicity, irritation, allergic response, and the like,
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commensurate with a reasonable benefit/risk ratio, and effective for their intended use, as well
as the zwitterionic forms, where possible, of the compounds of the present invention.
"Prodrug"”, as used herein means a compound which is convertible in vivo by
metabolic means (e.g., by hydrolysis) to afford any compound delineated by the formulae of
the instant invention. Various forms of prodrugs are known in the art, for example, as
discussed in Bundgaard, (ed.), Design of Prodrugs, Elsevier (1985); Widder, et al. (ed.),
Methods in Enzymology, vol. 4, Academic Press (1985); Krogsgaard-Larsen, et al., (ed).
"Design and Application of Prodrugs, Textbook of Drug Design and Development, Chapter 5,
1 13-191 (1991); Bundgaard, et al., Journal of Drug Deliver Reviews, 8:1 -38(1992);
Bundgaard, J. of Pharmacecutical Sciences, 77:285 et seq. (1988); Higuchi and Stella (eds.)
Prodrugs as Novel Drug Delivery Systems, American Chemical Society (1975); and Bernard
Testa & Joachim Mayer, "Hydrolysis In Drug And Prodrug Metabolism: Chemistry,
Biochemistry And Enzymology," John Wiley and Sons, Ltd. (2002). This invention also
encompasses pharmaceutical compositions containing, and methods of treating disorders
through administering, pharmaceutically acceptable prodrugs of compounds of the invention.
For example, compounds of the invention having free amino, amido, hydroxy or carboxylic
groups can be converted into prodrugs. Prodrugs include compounds wherein an amino acid
residue, or a polypeptide chain of two or more (e.g., two, three or four) amino acid residues is
covalently joined through an amide or ester bond to a free amino, hydroxy or carboxylic acid
group of compounds of the invention. The amino acid residues include but are not limited to
the 20 naturally occurring amino acids commonly designated by three letter symbols and also
includes 4-hydroxyproline, hydroxyysine, demosine, isodemosine, 3-methylhistidine,
norvalin, beta-alanine, gamma-aminobutyric acid, citrulline, homocysteine, homoserine,
omnithine and methionine sulfone. Additional types of prodrugs are also encompassed. For
instance, free carboxyl groups can be derivatized as amides or alkyl esters. Free hydroxy
groups may be derivatized using groups including but not limited to hemisuccinates,
phosphate esters, dimethylaminoacetates, and phosphoryloxymethyloxy carbonyls, as outlined
in Advanced Drug Delivery Reviews, 1996, 19, 1 15. Carbamate prodrugs of hydroxy and
amino groups are also included, as are carbonate prodrugs, sulfonate esters and sulfate esters
of hydroxy groups. Derivatization of hydroxy groups as (acyloxy)methyl and (acyloxy)ethyl
ethers wherein the acyl group may be an alkyl ester, optionally substituted with groups
including but not limited to ether, amine and carboxylic acid functionalities, or where the acyl

group is an amino acid ester as described above, are also encompassed. Prodrugs of this type
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are described in J. Med. Chem. 1996, 39, 10. Free amines can also be derivatized as amides,
sulfonamides or phosphonamides. All of these prodrug moieties may incorporate groups
including but not limited to ether, amine and carboxylic acid functionalities Combinations of
substituents and variables envisioned by this invention are only those that result in the
formation of stable compounds.

The term "stable", as used herein, refers to compounds which possess stability
sufficient to allow manufacture and which maintains the integrity of the compound for a
sufficient period of time to be useful for the purposes detailed herein (e.g., therapeutic or
prophylactic administration to a subject).

Some of the compounds of the present invention may exist in unsolvated as well as
solvated forms such as, for example, hydrates.

"Solvate" means a solvent addition form that contains either a stoichiometric or non
stoichiometric amounts of solvent. Some compounds have a tendency to trap a fixed molar
ratio of solvent molecules in the crystalline solid state, thus forming a solvate. If the solvent
is water the solvate formed is a hydrate, when the solvent is alcohol, the solvate formed is an
alcoholate. Hydrates are formed by the combination of one or more molecules of water with
one of the substances in which the water retains its molecular state as H,O, such combination
being able to form one or more hydrate. In the hydrates, the water molecules are attached
through secondary valencies by intermolecular forces, in particular hydrogen bridges. Solid
hydrates contain water as so-called crystal water in stoichiometric ratios, where the water
molecules do not have to be equivalent with respect to their binding state. Examples of
hydrates are sesquihydrates, monohydrates, dihydrates or trihydrates. Equally suitable are the
hydrates of salts of the compounds of the invention.

The invention also includes metabolites of the compounds described herein.

When any variable (e.g., Rag) occurs more than one time in any constituent or formula
for a compound, its definition at each occurrence is independent of its definition at every
other occurrence. Thus, for example, if a group is shown to be substituted with one or more
Ryg moieties, then Ryg at each occurrence is selected independently from the definition of Ros.
Also, combinations of substituents and/or variables are permissible, but only if such
combinations result in stable compounds within a designated atom’s normal valency.

“WZ4002” means the third generation EGFR inhibitor:

11
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The problem to be solved by the present invention is the identification of novel
compounds for the treatment and/or prevention of disease. The compounds of the invention
disclosed herein are small molecule irreversible inhibitors of a number of kinase targets that
are validated for the treatment of cancer. In particular, the compounds of the invention are a
class of compounds that are capable of covalently modifying ALK, ROS1, EGFR, FGFR,
JAK, BTK, BLK, ITK, TEC, and TXK kinases. Specifically the compounds are active at low
nanomolar concentrations against the most common "gatekeeper" mutant forms of these
enzymes. The compounds of the invention are more potent inhibitors than current clinical
candidates against EGFR and FGFR and are the first reported covalent inhibitors of ALK and
ROS]1. The compounds are capable of targeting a spectrum of mutations that are currently not
addressed by available inhibitors. The compounds of the invention provide the advantage of
potently and selectively inhibiting the activity of both wild-type and mutant forms of EGFR,
FGFR, ALK, ROSI, JAK, BTK, BLK, ITK, TEC, and TXK.

Compounds of the Invention

The present invention relates to novel compounds and their uses. The present
invention relates to the synthesis of the compounds of the invention.

The invention provides a compound of formula I

X4 X3a Xap

Ay Fa

2 n
)\\Zg,J\ I}J/&O

X4 Xs (I) or a pharmaceutically acceptable salt thereof, wherein
ZyisNorCR;;

Z,is N or CRy;

Z3 is N or CR3, provided that when Y is NRy, then two of Z,, Z, or Z3 are N;

R; is H, C;-Cg alkyl, halogen, or halo(C;-Cs alkyl);

R, is H, C;-C;g alkyl, halogen, or halo(C,-Cs alkyl);

X5 is O or NRyg;

Ryp is hydrogen or C;-Cy alkyl;
12
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or when Z; is TRy and X, is NR g, R and Ry can be taken together to form a 6-membered
heterocyclic ring, wherein said heterocyelic ring is optionally substituted with one or more
Ros;
Rais H, C-Cs alkyl, halogen, or halo{C-Cs alkyl);
Y is NR4;
or taken together Y-X, and Rz form unsubstituted or substituted Cq aryl or unsubstituted or
substituted 5- or S-membered heteroaryl, wherein said substituted aryl or heteroaryl is
substituted with one or more Rs;
Ry is H or C;-Cy alkyl;

gach R;s is independently halogen, ORg, NRyRg, NRGC{O)Rg, SR, Ci-Cy alkyl, C3-Cy
alkyoyl optionally substituted with 5- or 6-membered heterocyclic, or halo{C-Cs alkyl);

cach Ry is independently hydrogen or C-Cy alivl;

cach R; and Ry is independently hydrogen, Cy-Cy alkyl, or unsubstituted or substituted 3-
or 6-menbered beterocyclic, wherein said substituted heterocyclic is substituted with one or
more Rig;

gach Ry is independently hyvdrogen or C-Cyp alkyl;
Xy is H, Ci-Cq alkyl, or halogen;
cach X1, and Xs, are independently hydrogen, C;-Cs alkyl, or absent (when nis 0);
¢ is O)-Cy allkyl, unsubstituted or substituted Ce-Cro aryl, unsubstituted or substituted 5- or 6-
membered heterparyl, unsubstituted or substituied 3- to 8-membered cycloalkyl, or
unsubstituted or substituted 3- to 8-membered heterecyelic, wherein said substituted aryl,
heteroaryl, cyeloalkyl, or heterocyclic 1s substituted with one or move Ry

gach Ry; 18 independently halogen, OR, NRjsRys, SRy, C-Cy alkyl, or hale{C1-Cy
afkeyl);

gach Ry is independently hydrogen or C;-Cs alkvl;

cach Ry; and Ry is independently hydrogen or C-Cs alkyl;

cach Rys is independently hydrogen or {)-Cy alkyl;
nis 1,2, 3, or4;
X4 1s unsubstituted or substituted Cs-Cig aryl, unsubstituted or substituted 5- or 6-membered
heteroaryi, unsubstituted or substitated C-Cy alkyl, or unsubstituted or substituted (CHy Y3+
Ce-Ciparyl,

wherein said substituted aryl, heteroaryl, or alkyl is substituted with one or more Rig;
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gach Ryq 18 independently halogen, ORy7, NRsR o, SRy, unsubstituted or substituted C-
Cg alkyl, halo{C;-Cy alkeyl), CONC-Cy atkyh), C(O(halo(C,-Cy alkyl)), CIOWCo-C
afkenyl), unsubstituted or substituted heterocyelic, or C{O)-unsubstituted or substituted
heterocyclic, wherein said substituted alky! or heterocyclic is substituted with one or more

5  Rop

cach Ry is independently hydrogen or {1-Cg alkyl;

cach Rig and Rys 15 independently hydrogen, C-Cy alkyl, C{OYWCi-Cy alkyD), CIOXCa-Cs
alkenyl), or C{O)-unsubstituted or substituted heterocychic, wherein said alkyl or alkenyl is
optionally substituted with one or more OH, CN, halogen, (s-Cy cycloalkyl, O(C-Cy alkyh),

10 NH», NH{C-Cy alkyh), or N{C-Cs alkyly, and wherein said substituted heterocyclic is
substituted with one or more Raq;

cach Ry 15 independently hydrogen or ()-Cy alkyl;
cach Ry is O-Cy alkyl, C{OXC,-Cy alkyh), C(ONC,-Cy alkeny), or hetorocyclic;
X5 1s unsubstituted or substituted Cs-Cig aryl, unsubstituted or substituted 5- to 8-membered

15 heteroaryl, or unsubstituted or substitated Ci-Cs alkyl, wherein said substituted aryl,
heteroaryl, or alkyl is substituted with one or more Ryy;

gach Ry, is independently halogen, ORas, NRuRys, SRy, C1-Cx alkyl, halo(C1-Cy alky),
C{ONC;-Cs alkyD), C{OYCy-Cs alkenyl), unsubstituted or substituted heterocyelic,
unsubstituted or substituted Cs-Cip aryl, or C{O)-unsubstituted or substitated heterocyciic,

20 wherein said substituted hetercoyclic or aryl is substituied with one or more Ryy;

or two or more Ry, together with the atoms to which they attach, form an unsubstituted or
substituted 3- to 8-membered cveloalkyl, or unsubstituted or substituted 5- to 6-membered
heterocyclic, wherein said cycloalkyi or heterocyehic is substituted with one or more Ryy;
gach Ry; 18 independently hydrogen or C;-Cy alkyl;

25 cach R4 and Rys is independently hydrogen, C-Cs alkyl, C{O)(C-Cs alkyh), or C{OYCs-
C; alkenyl), wherein said alkyl or alkenyl is optionally sebstituted with one or more OH, CN,
halogen, Cs-Cg cycloalkyl, O(C-Cy alkeyl), WH,, NH(C-Cy alkyl), or N(C-Cs alkyhy;

cach Rye 18 independently hydrogen or C-Cy alkyl;
gach Ra7is halogen, Ci-Cg alkyl, C{ONC-Cralkyl), CLONCo-Cy alkenyl), NRC{OXC-
30 Cyalkyl), or NRC(ONCo-Cs alkenyl);
gach Rog is halogen, Ci-Cy alkyl, or halo{C;-Cy alkyl);
or taken together two Ryg and the carbon to which they are attached form C=0; and

cach Ryo 13 hydrogen or C;-Cy alkyl.

14
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The phrase “when Z; is CR; and X is NRio, Ry and Ry can be taken together to form
a 6-membered hetevocyclic ring, wherein said heterecyekhic ring is optionally substituted with
one or more Rae” is further llustrated with the structures shown below.,  When Ry and Rig
5 are taken together to form a 6-membered heterocyclic ring, a compound of formula IVA 18
formed:
X Kia Xap Xy (Rys) *3q Ka
Y R F‘?M%Q 2“ A
e N ' &

: h n

o
AR -
) | Y ’\* f;@ o
X4 Xy Xy X5 VA

In one aspect, the nvention ncludes a compound selected from formulae Ha, Ub, {11

and IV:
X X3Z>Z;ib
SN >
AN KL
10 X4 Xs (ifa), %4 X (11h),
X Raa, Xap
N"Q\N Xzf(/\(?@ 1(R?3>t %\
S N0 °
l// N R-'l\ /I\ O
5]
!
(Rs)s (1D, and X4 Xs vy,

or a pharmaceutically acceptable salt thereof, wherein
sis 1,2, 3, ordandtis 8, 1, or 2 and Ry, Rs, Ros, X4, Y, Xo, Xaa, Xan, G, n, Xy, and X5 are ag
defined for formula L

15 in one subclass, the invention includes a compound of tormula Va or Viu

t5



WO 2015/006492 PCT/US2014/046022

j[(i X:’%‘%b X, X3f Xap
NN 6T Q Nﬁ xy 14
HE‘H\EME}! 0 Ha:a/i\\“ NTTNTTO
X4 Xs {Va}, A Xs {Vb) or a pharmaceutically
acceptable salt thereof, wherein X, Xy, Xs5., X, Q, 1, Xy, and X5 are as defined for formuola
L
In a further example, the vention includes a compound of formula Via or Vib:
X4 Xa%xﬁb X, Xza Xap
A N A Nﬁ X?«’X?;Q
HNJ\\/[\Q%/&O HN N | 53”&“0
Rl ] - N
5 (el S (Via), sl N (Vib)ora

pharmaceutically acceptable salt thereof, whereinu is G, 1, 2, 3, 4, or 5 and Ryq, X, X5, X,
Kb, 2, 1, and X are as defined for formula L
In another example, the invention inchides a compoond of formula Vila or Viib:
NN 6 e T
HN’)\\\/)\N o Ny

‘ HNT NN

RwaY/A*"\F X5 Rﬁo\%i\r X
Ras (Vila}, Ris (Vib)ora

10 pharmaceutically acceptable salt thereof, wherein Ry, Ry, Xy, Xp, Xag, Xap, Q. 1, and X5 are
as defined for formula L
n yet another example, the invention includes a compound of fornmila VIiHa or

YVilib:

6
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X4 Kaa  Xap X4 X'j>éx3r
N A N’)’\: X3 ?Q
I 2 n I=
i P
HN*\\‘/\N o HNTONT N0

t H
R70 X5 B0 Xe

= Rig = Rig

pharmaceutically acceptable salt thercof, wherein Rus, Riv, X1, Xo, Xaa, Xap, Q, 0, X5, and Ryy

{Viiia}, (Vilblor a

are as defined for formuda L
In another example, the invention inclades a compound of formula [Xa or IXh:

%y Kaa  Xap

X4 Xaa  Xap

A MQ y PL?“Q
NN XY Ny
HE‘SAN E,&O

‘ i
Xy {IXa), X4 (IXb) or a pharmaceutically

(¥

accoptable salt thereof, wherein X, Xo, Xa,, Xap, Q, n, and ¥4 are as defined for formula 1.

In another example, the invention inclades 4 compound of formula Xa or Xb:

NN N‘/)E\ x a
2 2
Hr?z/j\/l\m/% " NP
N NN
(Razjw (Xa), (Raz)w (Xb) or a pharmaceutically

acceptable salt thereof, whereinwis 0, 1, or 2 and Ry, X, Xo, Xag, Xao, Q. 1, and X, are as
16 defined for formula 1.

In yet another example, the tnvention includes a compound of formmla Xa or Xb:

X, Xaa, Xgp

/ X Xa  Xgp
P XHQ N PL ~a

NG A
P \ S | :
N N0 m T
X4 X4 ,f//\\
A
Roo {Xia), Roz {Xib) or a pharmaceutically

acceptable sali thereof, wherein X, Xo, Xsa, Xap, O, 1, X4, and Ry are as defined for fornwla

L
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{Husiratively, the invention includes a compound of formula |, Ha, Hb, I, IV, Va,
Vb, Via, Vib, Viia, Vilb, Viiia, Villb, [Xa, IXb, Xa, Xb, Xla, or XIb wherein X is
bydrogen or halogen.  In one aspect, X is hydrogen. 1o one aspect, X, is halegen., Ina
further aspect, X 18 chlorine.

The invention includes a compound of formula [, Ifa, b, I, IV, Va, Vb, Via, Vih,
Vila, Vilb, Villa, Villb, IXa, IXb, Xa, Xb, Xla, or XIb whereinnis 0, 1, or 2. Inone
aspoct, nis O or 1. Inomeaspect, nis 0. In one aspect, nis 1.

The tavention includes a compound of formula 1, ITa, b, T IV, Va, Vb, Via, Vib,
Vila, Vilb, Viiia, VIiib, IXa, IXb, Xa, Xb, Xla, or XIb wherein X3, and X3, are cach
hydrogen or one of X3, or Xa, 18 methyl and the romaining X, or Xayis hydrogen.  Inone
aspect, X5, and Xsp ave each hvdrogen.  In one aspect, one of X, or Xs, s methy] and the
remaining X, or X, 18 hydrogen.  In one aspect, the configuration of the carbon atom to
which X, and X5, are attached is the S-configuration.

The mvention includes a conpound of formwla 1, Ha, Uib, 111, 1V, Va, Vb Vla, Vib,
Via, Vith, Viila, Villb, IXa, IXb, Xa, Xb, Xia, or X1b wherein Q is unsubstituted or
substituted phenyl or unsubstituted or substituted S- or 6-membered hetercaryl.  Inone
aspect, (3 is unsubstitited phenyl or 5- or 6-membered unsubstituted heteroaryl., o one
aspect, O is unsubstituted phenyl.  In one aspect, the heteroaryl is pyridyt or thienvl

The invention includes a compound of formula 1, T, b, I, 1V, Va, Vb Via, Vib,
Vila, Vb, Viila, Villb, IXa, IXb, Xa, Xb, Xa, or XIb wherein Q is -Cy alkyl.  In one
aspoct, Q is methyl.

The invention mcludes a compound of formula 1, Ha, Ub, I}, 1V, Va, Vb Via, Vib,
Via, Viib, Viila, Villb, IXa, IXb, Xa, Xb, Xia, or XIb whercin Q is unsubstituted or
substituted 3- to 4-mombered cycloalkyl.,  In ong aspect, Q is eyclopropyl

The invention includes a compound of formula 1, Ha, Tib, L TV, Va, Vb Via, Vib,
Via, Vilb, Villa, Villb, IXa, IXb, Xa, Xb, Xia, or Xib wherein Q is unsubstituted or
substituted 6-membered beterocyelie.  In onc aspect, (3 is tetrahydropyran.

The invention includes a compound of formula 1, Ha, Ub, I}, 1V, Va, Vb Vlia, Vib,
Via, Vith, Villa, Villb, IXa, IXb, Xa, Xb, Xia, or XIb wherein 3 is substituted with one,
two, three or four Ryy. Further illostrating this aspect, each Ry 18 independently methyl,
ethyl, propyl, isopropyl, chloro, fluore, methoxy, ethoxy, propoxy, or isopropoxy. Further

exemplifying this aspect, cach Ry; is mdependently methyl, chloro, or methoxy.
J i< R 3 9

,...
o]
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The tavention includes a compound of formula 1, ITa, b, IV, Va, Vb, [Xa, IXb, Xa,
Xb, Xia, or XIb wherein X, is substituted phenyl or mothyl  In one aspect, X4 is pheayl
substituted with one or two Ry, In one aspect, Xy is pheny! substituted with at least one Ry
18 QCH;.  In one aspect, Xy 1s methyl,

5 The invention includes a compound of formula I, s, Th, 1V, Va, Vb, [Xa, [Xb, Xa,
Xb, Xia, or XIb wherein X is unsubstituted or substituted 5- or 6-membered heteroaryl,  In
one aspect, X4 18 heteroaryl substituted with one or two Rys. 1o one aspect, X4 is diazolyl
substituted with one or two Rig.

The tovention includes a compound of formula [, Ila, b, I, IV, Va, Vb, Via, Vib,
10 Vila, Vilb, Villa, or Viib, wherein X is substituted pheoyl or methyl. o one aspect, X5 18
methyl.  In one aspect, X is phenyl substituted with one or two Ry, Further defiming this
aspect, Ry s NRypaRps.  Further exemphifying this aspect, one of Ry or Ros 15 C(OXCr-
Cyyalkenyl and the remaining Ry or Rys is hydrogen.
The invention includes a compound of foromla Via or Vib, whercin u is one or two.
15 In one aspect, at least one Rig 8 OCHa.
The tnvention includes a compound of formula §, Ifa, b, IV, Va, Vb, Via, Vib, Vila,
Vilb, Villa, Viilb, IXa, IXb, Xa, Xb, Xla, or Xibh, wherein Ry; 1s methyl.
The invention includes a compound of formula 1, Ta, TTb, TV, Va, Vb, Vig, VIb, V1ia,
Viib, VHia, Villb, IXa, IXb, Xa, Xb, Xia, or XIb, wherein R4 is substituted heterceychc or
20 NRiRye.  Inone aspect, Ry is methylpiperazine,  In one aspact, Ryg is NHC(ON(,-Cy
atkenyl) optionally substituted with NHa, NH{C -Cq alkyl), or N(C(-Cs alkyiy.
The invention mcludes a compound of formula 1, Ifa, Hb, IV, Va, Vb, Via, Vib, Vila,
Vilb,VHia, Viiih, Xa, Xb, Xla, or XIb, wherein Ry is NRpaRps.  In one aspect, one of Rys
or Rys is C{OYNCy-Cy alkenyl) and the romaining Ry or Rys is hydrogen,
25 While all of the compounds of the invention are useful, certain classes are preferred.
1t will be understood that the above classes may be combined to form additional preferved
classes, as for example the combination of preferred selections for two or more substitucnts.

The invention includes a conpound selected from Table 1.

Compound # Structure
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The tavention includes a pharmaceutical composition comprising a compound of the
invention or a pharmaceutically acceptable salt thereof and a pharmaceutical carrier, diluent,
OT excipient.

The present invention relates to a method of synthesizing a compound of the invention
or a pharmaceutically accoptable salt thereof. A compound of the tnvention can be
synthesized using a varicty of methods known in the art.

Compounds of the present invention can be prepared in a variety of ways using
commercially available starting materials and compounds known in the literature, or from
readily prepared intermediates, by employing standard syrdhetic methods and procedures
either known to those skilled in the art, or which will be apparent to the skilled artisan in Hght
of the teachings herein.  Standard synthetic methods and procedures for the preparation of
organic molecules and functional group transformations and manipulations can be obtained
from the relevant scientific literature or from: standard textbooks in the field.  Although not
Bited to any one or several sources, classic texts such as Smith, M. B., March, I, March’s
Advanced Organic Chomistry: Reactions, Mechanisms, and Structure, Sth edition, John Wiley
& Sous: New York, 2001; and Greene, T.W., Wuts, P.G. M., Protective Groups in Organic
Synthesis, 3rd edition, John Wiley & Sons: New York, 1999, incorporated by reference
herein, are usefild and recognized reference textbooks of organic synthesis known to those in
the art. The following descriptions of synthetic methods are designed to itlustrate, but not to

I, general procedures for the preparation of compounds of the present invention.
LR

General Synthesis Schemes

Scheme 1.

44
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Methods of Use

The inverdion relates to methods for the use of compounds of the invention.  The
compounds of the invention have a useful pharmacological activity spectrom and are
therefore particularly suitable for the prophylaxis and/or treatment of disease.

The mvention provides the use of a compound of the invention for the preparation of a
medicament for administration 1o a subject for use in the freatmoent and/or prevention of
disease. [n one aspect, the medicament is for use in treatment.  In one aspect, the
medicament 1s for use in prevention.

The jovention provides a method of inhibiting a kinase in a subject, comprising
administering to the subject in need thereof a compound of the invention or a
pharmaceutically acceptable salt thereof.  In one aspect, the mvention provides a method of
inhibiting epidermal growth factor receptor (EGFR) in a subject, comprising administering to
the subject a compound of the invention or 2 pharmaccutically acceptable salt thereof. o
one aspect, the EGFR s Her-Kinase.  In another aspect, the invention provides a method of
inhibiting fibroblast growth factor receptor (FGFRY in a subject, comprising administering to
the subject a compound of the invention or 8 pharmacoutically acceptable sali thercof.  In
yet another aspect, the invention provides a method of inhibiting fibroblast growth factor

receptor (FGER) and epidermal growth factor veceptor (EGFR) in a subject, comprising
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administering to the subject a compound of the invention or a pharmaceutically acceptable
salt thereot.

The jovention provides a method of treating and/or preventing a discase in a subject
comprising administering to the subject in need theveof a compound of the invention or a
pharmaceutically acceptable salt thereof.  In one aspect, the disease s mediated by a kinase.
Further iHlustrating this aspect, the disease is mediated by EGFR and/or FGFR.

In one subclass, the disease s cancer or a proliferation disease.  Exemplifying this
aspect, the disease is lung cancer, colon cancer, breast cancer, prostate cancer, liver cancer,
pancreas cancer, brain cancer, kidney cancer, ovarian cancer, stomach cancer, skin cancer,
bone cancer, gastric cancer, breast cancer, pancreatic cancer, glioma, glioblastoma,
hepatocellular carcinoma, papillary renal carcinoma, head and neck squamous cell
carcinoma, levkemias, lymphomas, myelomas, or solid tumors.  In one aspect, the discase is
fang cancer.  In one aspect, the lung cancer 18 non-small cell lung cancer (NSCLC).

In another subclass, the discase is inflammniation, arthritis, rtheumatoid arthritis,
spondyloarthropathies, gouty arthritis, osteoarthritis, juvenile arthritis, and other arthritic
cenditions, systemic hupus ervthematosus {SLE), skin-related conditions, psoriasis, eczema,
bums, dermatitis, neurointlanuation, allergy, pain, neuropathic paiv, fever, pubuonary
disorders, hung inflammation, adult respiratory distress syndrome, pulmonary sarcoidosis,
asthma, silicosis, chronie pulmonary inflamymatory discase, and chronic obstructive
pulmonary disease (COPD), cardiovascular discase, arteriosclerosis, myocardial infarction
(including post-myocardial infarction indications), thrombosis, congestive heart fatlure,
cardiac reperfusion injury, as well as complications associated with hypertension and/or heart
failure such as vascular organ damage, restenesis, cardiomyopathy, stroke including ischemic
and hemorrhagic stroke, reperfusion injury, renal reperfusion injury, ischemia including
stroke and brain ischemia, and ischemia resulting from cardiac/coronary bypass,
neurodegenerative disorders, liver disease and nephritis, gastrointestinal conditions,
inflammatory bowel discase, Crohn's disease, gastritis, irritable bowel syndrome, ulcerative
colitis, ulcerative diseases, gastric ulcers, viral and bacterial infoctions, sepsis, septic shock,
gram negative sepsis, malaria, meningitis, HIV infection, opportunistic fnfections, cachexia
secondary to infoction or malignancy, cachexia secondary to acquired mmune deficiency
syndrome (AIDS), AIDS, ARC (AIDS related complex), pncumonia, herpes virus, myalgias
due to infection, influenza, autotomune discase, graft vs. host reaction and allograft

rejections, treatment of bone resorption diseases, osteoporosis, multiple sclerosis, cancer,

L
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leukemia, lvmphoma, colorectal cancer, brain cancer, bone cancer, epithelial call-derived
neopiasia {epithelial carcinoma), basal ccll carcinoma, adenccarcinoma, gastrointestinal
cancer, lip cancer, mouth cancer, csophageal cancer, small bowel cancer, stomach cancer,
colon cancer, lver cancer, bladder cancer, pancreas cancer, gvarian cancer, cervical cancer,
tang cancer, breast cancer, skin cancer, squamous cell and/or basal cell cancers, prostate
cancer, renal cell carcinoma, and other known cancers that affect epithelial cells throughout
the body, chronic myelogenous leukemia (CML), acute myeloid leukemia (AML) and acute
promyclocyte leukemia (APL), angiogenesis including neoplasia, metastasis, contral nervous
systern disorders, central nervous system disorders having an inflammatory or apopiotic
component, Alzheimer's disease, Parkinson's discase, Hundington's discase, amyotrophic
lateral sclerosis, spinal cord injury, and peripheral neuropathy, or B-Celi Lymphoma.

In another aspect, the disease is inflammation, arthritis, rtheumatoid arthritis,
spondyloarthropathics, gouty arthritis, osteoarthritis, juvenile arthritis, and other arthritic
conditions, systemic fupus erythematosus (SLE), skin-related conditions, psoriasis, eczema,
dermatitis, pain, pulmonary disorders, lung inflammation, adult respiratory distress
syndrome, pulmonary sarcoidosis, asthma, chronic pulmonary inflammatory disease, and
chromie ebstructive pulmonary disease (COPD), cardiovascular disease, arteriosclerosis,
myocardial mfarction (including post-myocardial infarction indications), congestive heart
failare, cardiac reperfusion inpury, inflammatory bowel discase, Crohn's discase, gastritis,
irritable bowel syndrome, levkemia, or lyraphoma.

The invention provides a method of treating a kinase mediated disorder in a subject
comprising administering to the subject in need thereof a compound of the invention or a
pharmaceutically acceptable salt thereofl  In one aspect, the compound covalently modifies
one or more of ALK, ROS1, EGFR, and FGFR tyrosine kinases.

The imvention provides a method of freating a kinase mediated disorder in a subject
comprising administering to the subject in need thereof a compound of the invention or 2
pharmaceutically acceptable salt thereof, and the subject is administered an additional
therapeutic agent.  The additional therapeutic agent can be any therapeutic agent.  In
another aspect, the compound and the additional therapeutic agent are administered
simultancouosly or sequentially.

The invention provides a method of treating a discasc in a subject, wherein the
discasc is resistant to an EGFR targeted therapy, comprising adovinistering to the subject in

need thereof a compound of the invention or a pharmaceutically acceptable salt thereof. In
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one aspect, the EGFR targeted therapy comprises treatment with gefitinib, erlotinib, lapatinib,
XL-647 HKI-272, BIBWZ2992, AV-412, C1-1033, PF{0299804, BMS 690514, cetuximab,
panitumumab, or matuzumab.  In one aspect, the discase comprises an EGFR rontation.  In
one aspect, the EGFR mutation 1s an EGFR T700M, TRS4A, 3761 Y or L7118 resistance
mutation. In another aspect, EGFR L7183 is a resistance mutation to the compound
WZ4002 (a third generation EGFR inhibitor} and other compounds in the same class as
WZ4002. In one aspect, the L718(} resistance mutation is present with the activating
mutation alone or with an activating mutation and the T790M muotation.  In one aspect, the
L7180} registance mutation is present with the activating mutation L8S8R alone. Inone
aspect, the L7180 resistance mutation is present with the activating mutation LESER and the
TM790 mutation.  In a further aspect, the disease s cancer.  Further illustrating this aspect,
the disease is hung cancer, colon cancer, breast cancer, prostate cancer, Hver cancer, pancreas
cancer, brain cancer, kidney cancer, ovarian cancer, stomach cancer, skin cancer, bone
cancer, gastric cancer, breast cancer, pancreatic cancer, glioma, glicblastoma, hepatocellular
carcinoma, papillary renal carcinoma, head and neck squamous cell carcinoma, leukemias,
ymphomas, myclomas, or solid tumors.  In one aspect, the disease is hing cancer. nong
aspect, the lung cancer is non-small cell lang cancer (NSCLC).  The invention includes a
method of treating cancer in a subject, wherein the cancer comprises EGFR activated tumors,
comprising administering to the subject in need thereof a compound of the invention or 2
pharmaccutically acceptable salt thereof.  In one aspect, the EGFR activation is selected
from mutation of EGFR, amplification of EGFR, expression of EGFR, and ligand mediated
activation of EGFR.  In one aspect, the mutation of EGFR 1s located at G7193, G719C,
G719A, LESRR, LB61Q, an exon 19 deletion mutation or an exon 20 insertion mutation., In
one aspect, the cancer is lung cancer, colon cancer, breast cancer, prostate cancer, liver
cancer, pancreas cancer, brain cancer, kidney cancer, ovarian cancer, stomach cancer, skin
cancer, bone cancer, gastric cancer, breast cancer, pancreatic cancer, glioma, glioblastoma,
hepatocclinlar carcinomas, papillary renal carcinoma, head and neck squamous ccll
carcinorog, leukemias, lympbomas, myclomas, or sclid timors.  1n ove aspect, the cancer is
humg cancer.  In one aspect, the lung cancer is non-small celi hing cancer (NSCLC).

The invention tocludes a method of preventing resistance to gefitnib or erlotinibn 2
discase in a subject, comprising administering to a subject in need thercof a compound of the
invention or a pharmaceutically acceptable salt thereof.  Tn one aspect, the discase is lung

cancer, colon cancer, breast cancer, prostate cancer, liver cancer, pancreas cancer, brain
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cancer, kidney cancer, gvarian cancer, stomach cancer, skin cancer, bone cancer, gastric
cancer, breast cancer, pancreatic cancer, glioms, glicblastoma, hepatocellular carcinoma,
papillary renal carcinema, head and neck squamous cell carcinomas, leukemias, lymphomas,
myelomas, or solid tumors.  In one aspect, the disease 1s hing cancer.  Tn one aspect, the
fang cancer is non-small cell lang cancer (NSCLC).

The invention includes a method as described herein, wherein the subjoct is uman,

Pharmaceutical Compositions

The invention provides a pharmaceutical composition comprising a compound of the
invention or a pharmaceutically acceptable salt thereof, together with a pharmaceutically
acceptable carrier.

Compounds of the invention can be administered as pharmaceutical compositions by
any conventional route, in particular enterally, ¢.g., orally, e.g., in the form of tablets or
capsules, or parenterally, e.g., in the form of injectable solutions or suspensions, topically,
e.z., in the form of lotions, gels, oimtments or creams, or in a nasal or suppository form.
Pharmaceutical compositions comprising a compound of the invention in frec form orina
pharmaceutically acceptable salt form jn association with at lcast one pharmaceutically
acceptable carrier or diluent can be manufactured in a conventional manmer by mixing,
gramiating or coating methods.  For example, oral compositions can be tablets or gelatin
capsules comprising the active ingredient together with a) diluents, ¢.g., lactose, dextrose,
sucrose, mannitol, sorhitol, cellulese and/or glycine; b) lubricants, ¢.g., silica, talcum, stearic
acid, its magnesium or calcium salt and/or polyethyleneglyceol; for tablets also ¢) binders, e.g.,
magnesiom aluminim silicate, starch paste, gelatin, tragacanth, methyleelludose, sodivm
carboxymethyicelulose and or polyvinyipyrrolidone; if desired d) disintegrants, e.g., starches,
agar, alginic acid or its sodium salt, or effervescent mixtures; and/or e) absorbents, colorants,
flavors and sweeteners.  Injectable compositions can be agueous isotonic solations or
suspensions, and suppositorics can be prepared from fatty emulsions or suspensions.  The
compositions may be sterilized and/or contain adjuvants, such as preserving, stabilizing,
wetting or enilsifying agents, solution promoters, salts for regulating the osmotic pressure
and/or buffers. In addition, they may also contain other therapeutically valuable substances.

Suitable formulations for transdermal applications inclade an effective amount of 8
compound of the invention with a carrier. A carrier can include absorbable

pharmacologically acceptable solvents to assist passage through the skin of the host.  For

o
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example, transdermal devices are in the form of a bandage comprising a backing member, a
reservoir containing the compound optionally with carriers, optionally a rate controlling
barrier to deliver the compound to the skin of the host at a controlled and predetermined rate
over a prolonged period of time, and means to secure the device to the skin,  Matrix
transdermal formulations may also be used.  Suitable formulations for topical application,
2.g., to the skin and gyes, are preferably agueous solutions, ointments, creams or gels well
known in the art.  Such may contain solubilizers, stabilizers, tonicity enbancing agents,
buffers and preservatives.

Compounds of the invention can be administered in thevapeutically effective amounts
in comabination with one or more therapeutic agents {pharmaccutical combinations).  For
example, synergistic effects can ocour with other anti-proliferative, anti-cancer,
mnmunomodidatory or anti-inflammatory substances.  Where the compounds of the
invention are administered in conjunction with other therapies, dosages of the co-
adounistered compounds will vary depending on the type of co-drug employed, oo the
specific drug employed, on the condition being treated and so forth.

Combination therapy mchides the administration of the subject compounds in further
combination with other biologically active ingredients (such as, but not bmited to, a second
and different antincoplastic agent) and non-drug therapies (such as, but not mited to, surgery
or radiation treatment). For tnstance, the compounds of the invention can be ased in
combination with other pharmaceutically active compounds, preferably compounds that are
able 1o enhance the effect of the compounds of the fovention.  The compounds of the
invention can be adnministered simultancously {as a single preparation or separate preparation)
or sequentially to the other drug thevapy.  In general, 8 combination therapy envisions
administration of two or more drugs during a single cycle or course of therapy.

In one aspect of the invention, 8 compound of the invention may be administered
combination with one or more separate agents that modulate protein kinases mvolved in
various disease states.  Examples of such kinases may inchude, but are not limited to:
serine/threonine specific kinases, receptor tyrosine specific kinases and non-receptor tyrosing
specific kinases. Serine/threonine kinases include mitogen activated protein kinases (MAPK),
meiosis specific kinase (MEK), RAF and aurora kinase.  Examples of receptor kinase
families include cpidermal growth factor veceptor (EGFR) (c.g.. HER2/neu, HER3, HER4,
ErbB, ErbB2, ErbB3, ExbB4, Xk, DER, Let23); fibroblast growth factor (FGF) receptor

{e.g., FGF-RI, GFF-R2/BEK/CEK3, FGF-R3/CEK2, FGF-RAATKF, KGF-R}; hepatocyic
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growthy/scatter factor receptor (HGFR) {e.g, MET, RON, SEA, SEX); insulin receptor {e.g,,

IGFI-R); Eph (e.g., CEKS, CEKSE, EBK, ECK, EEK, EHK-I, EHK-2, ELK, EPH, ERK, HEK,

MDKZ, MDKS, SEK); Axl {e.g., Mer/Nyk, Rse); RET; and platelet-derived growth factor

receptor (PDCER}) (e.g., PRGHalpha -R, PDG.beta.-R, CSFI-R/EMS, SCF-R/C-KIT, VEGF-
5 R/FLT, NEK/FLKI, FLT3/FLKZ/STK-1).  Non-receptor tyrosine kinase famihies include,

but arc not limited {o, BCR-ABL (e.g., p43.sup.abl, ARG); BTK {e.g., ITK/EMT, TEC); CSK,

FAK, FPS, JAK, SRC, BMX, FER, CDK and SYK.

In another aspect of the invention, a compound of the invention may be administered

in combination with one or morg agents that modulate non-kinase biological targets or

10 processes.  Such targets tnchude histone deacetylases (HDAC), DNA methyltransferase
{DNMT), heat shock proteins {(e.g., HSP90), and protecsomes.  In one embodiment, a
compound of the invention may be combined with antineoplastic agents (e.g., small
molecules, monocional antibodics, antisonse RINA, and fusion proteins) that inhibit one or
more biological targets such as Zolinza, Tarceva, tressa, Tykerb, Gleevee, Sutent, Sprycel,

15 Nexavar, Sorafinib, CNF2024, RG 108, BMS387032, Affinitak, Avastin, Herceptin, Erbinu,
A(24322, PD325901, ZD6474, PDI 84322, Obatodax, ABT737 and AEE788.  Such
combinations may enhance therapeutic efficacy over efficacy achicved by any of the agents
alone and may prevent or delay the appearance of resistant mutational variants.

In one embodiment, a compound of the invention is administered in combination with

20 achemotherapoutic agent.  Chemotherapeutic agenis encormpass a wide range of therapeutic
treatments in the ficld of oncology.  These agents are administered at various stages of the
diseasc for the purposes of shrinking tumors, destroying remaining cancer cells left over after
surgery, inducing remission, maintaining remission and/or alleviating symptoms relating to
the cancer or its treatment.  Examples of such agents include, but are not limited to,

25 alkylating agents such as mustard gas derivatives (Mechlorethamine, cylophosphamide,
chlorambucil, melphalan, ifosfamide), ethylenimines (thiotepa, hexamethylmelanine),
Alkylsulfonates {Busulfan), Hydrazines and Triazines (Altretaming, Procarbazine,
Dacarbazine and Temozolomide), Nitrosoureas (Carnwstine, Lomustine and Streptozocin),
Hosfamide and metal salts (Carboplatin, Cisplatin, and Oxaliplatin); plant alkaloids such as

30 Podophyllotoxing (Etoposide and Tenisopide), Taxanes (Paclitaxel and Docetaxel), Vinca
afkaloids {Vincristing, Vinblastine, Vindesine and Vinorelbing), and Camptothecan analogs
{Trinotecan and Topotecan); anti-tumor antibiotics such as Chromomycins (Dactinoyein and

Plicamycin), Anthracychnes (Doxorubicin, Daonorubicin, Epirubicin, Mitoxantrone,
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Vabubicin and Idarebicin}, and miscellancous antibictics sach as Mitomycin, Actinomycin
and Bleomycin; anti-metabolites such as folic acid antagonists {Mcthotrexate, Pemetrexed,
Raltitrexed, Aminopterin), pynimiding antagonists (5-Fluorouracil, Floxuridine, Cytarabine,
Capecitabine, and Gemeitabine}, purine antagonists {6-Mercaptopurine and 6-Thioguanine)
and adenosine deaminase inhibitors (Cladribine, Fludarabine, Mercaptopurine, Clofarabine,
Thisguanine, Nelarabine and Pentostatin}; topoisomerase inhibitors such as topoisomerase 1
inhibitors (fronotecan, topotecan) and topeisomerase H inhibitors {Amsacring, ctoposide,
ctoposide phosphate, teniposide); monoclonal antibodies (Alemtuzumab, Gemturuymab
ozogamicin, Rituximab, Trastuzumab, Ibritumomab Tioxetan, Cetuximab, Panitymomab,
Tositumnemab, Bevacizumab); and miscellaneous anti-ncoplasties such as ribonucicotide
reductase inhibitors (Hydroxyurea); adrenocortical steroid nhibitor (Mitotane); enzymes
{Asparaginase and Pegaspargase); anti-microtubule agents (Estramustine); and retinoids
{Bexarotene, Isoiretinoin, Tretinoin (ATRA).  In certain preforred cmboediments, the
compounds of the invention are adnunistered 1o combination with a chemoprotective agent.
Chemoprotective agents act to protect the body or minimize the side effects of chemotherapy.
Examples of such agents inchude, but are not limtted to, amfustine, mesna, and dexrazoxane.

In one aspect of the fnvention, a compound of the invention is administered in
combination with radiation therapy. Radiation 1s commonly delivered internally

(implantation of radicactive material near cancer site) or externally from a machine
that employs photon (x-ray or gamma-ray) or pariicle radiation. Where the combination
therapy further comprises radiation treatment, the radiation reatment may be conducted at
any suitable fime so long as a beneficial effect from the co-action of the combination of the
therapeutic agents and radiation freatment is achieved. For example, in appropriate cases,
the beneficial effect 1s still achieved when the radiation treatment is temporally removed from
the administration of the therapeutic agents, perhaps by days or even weeks,

It will be appreciated that a compound of the invention can be used in combination
with an immunotherapeutic agent.  One form of immunotherapy is the generation of an
active systomic tumor-specific romune tesponse of host origin by administering a vaceing
composition at a site distant from the tumor.  Various types of vaceines have been proposed,
mchiding 1solated tumor-antigen vaccines and anti-idiotype vaccines.  Another approach is
to usc tumor cells from the subject to be treated, or a derivative of such cells (reviewed by
Schirrmacher et al. (19935} 1. Cancer Res. Chin. Oncol. 121 :487).  In U5, Pat. No. 5,484,596,

Hanna Jr. et al. claim a method for treating a resectable carcinoma to prevent recurrence or

56



10

WO 2015/006492 PCT/US2014/046022

metastases, comprising surgically removing the tumor, dispersing the cells with collagenase,
rradiating the cells, and vaccinating the patient with at least three consecutive doses of about
107 cells.

It will be appreciated that a compound of the mmvention may advantageously be used
i conjunction with one or more adjunctive therapeutic agents.  Examples of suitable agents
for adjunctive therapy include a3 SHTi agonist, such as a triptan (¢.g., sumatriptan or
navatriptan); an adenosine Al agonist; an EP ligand; an NMDA moedulator, such as a glycine
antagonist; 2 sodium channel blocker {(e.g., lamotrigine); a substance P antagonist (2.2, an
NKi antagonist); a cannabinoid; acetaminophen or phenaceting a S-lipoxygenase inhibitor; a
leukotrienc receptor antagonist; 2 DMARD (e.g., methotrexate); gabapentin and related
compounds; a tricyelic antidepressant {e.g., amitryptiliine); 4 nevwrone stabilising antiepileptic
drug; a mono-aminergic uptake inhibitor (e.g., venlafaxine); a matrix metalloproteinase
inhibitor; a pitric oxide synthase (NOS) inhibitor, such as an tNOS or an nNOS inhibitor; an
inbibitor of the release, or action, of fwmour necrosis factor a; an antibody therapy, such as a
monoclonal antibody therapy; an antiviral agent, such as a nucleoside mhibitor (e.g.,
lamivadine) or an immune system modulator (e.g., interferon}; an opioid analgesic; a local
anaesthetic; a stimulant, including caffeine; an Hy-antagouist (e.g., ranitidine); a proton pump
mhibitor (e.g., omeprazole); an antacid {¢.g., alominivm or magoesium hydroxide; an
antiflatident (e.g., simethicone); a decongestant {e.g., phenylephrine, phenylpropanclamine,
pseudoephedrine, oxymetazoline, epinephrine, naphazoline, xyiometazoline, propylhexedrine,
or levo-desoxyephedrine); an antitussive (e.g., codeine, hydrocodone, carmiphen,
carbetapentane, or dextramethorphan); a divretic; or a sedating or non-sedating antihistamine.

The pharmaceutical compositions of the invention comprise a therapeutically effective
amount of a compound of the invention formulated together with one or more
pharmaceutically acceptable carriers.  As used herein, the term "pharmaceutically acceptable
carrier” means a non-toxic, inert solid, semi-solid or Hauid filler, diluent, encapsulating
material or formulation auxiliary of any type. The pharmaceutical compositions of this
invention can be administered to humans and other animals orally, rectally, parenterally,
ntracisternally, intravaginally, intraperitoneally, topically {as by powders, ointments, or
drops), buccally, or as an oral or nasal spray.

Liquid dosage forms for oral administration include pharmaceutically acceptable
enulsions, microenisions, selutions, suspensions, syrups and clixirs.  In addition to the

active compounds, the liquid dosage forms may contain nert diluents commonly vsed in the
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art such as, for example, water or other solvents, solubilizing agents and emulsifiers such as
cthyl alcohol, isopropyi alcobol, ethyl carbonate, ethyl acctate, benzyi alcohol, benzyl
benzoate, propylene glycol, 1,3-butvlene glycel, dimethylformamide, oils (in particular,
cottonseed, groundmut, corn, germ, olive, castor, and sesame oils), ghveerol,
tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and
mixtores thereof,  Besides inert diluents, the oral compositions can also inchude adjuvants
such as wetting agents, emulsifying and suspending agents, sweetening, flavoring, and
perfuming agents. Injectable preparations, for example, sterile injectable aqueocus or
oleaginous suspensions may be formulated according to the known art using suitable
dispersing or wetting agents and suspending agents.  The sterile injectable proparation may
also be a sterile injectable sohution, suspension or emulsion in a nontoxic parenterally
acceptable diluent or solvent, for example, as a solution in 1,3-butanediol. Among
the acceptable vebicles and solvents that may be cmployed are water, Ringer's solution, U.5.F.
and isotonic sodium chioride solution. In addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medivnm.  For this purpose any bland fixed oil can be
employed imchiding synthetic mono- or diglycerides.  In addition, fatty acids such as oleic
acid arc used io the preparation of injectables.

In order to prolong the cffect of a drug, it 15 often desirable to slow the absorption of
the drug from subcutancous or inframuscular injection.  This may be accomplished by the
use of 3 liquid suspension of crystaliine or amorphous material with poor water solubility.
The rate of absorption of the drug then depends upon its rate of dissolution which, in turs,
may depend apon crystal size and crystalline form. Alternatively, delayed absorption of a
parenterally administered drug form is accomplished by dissolving or suspending the drug in
an oil vehicle.

Compositions for rectal or vaginal administration are preferably suppositories which
can be prepared by mixing the compounds of this nvention with suitable non-trritating
excipients or carriers such as cocoa butier, polyethylene ghycol or a suppository wax which
are solid at ambient temperature but Hauid at body temperature and therefore melt inthe
rectum or vaginal cavity and release the active compound.

Solid compositions of a similar type may also be employed as fillers in soft and hard-
filled gelatin capsules using such excipicnts as lactose or milk sugar as well as high
molecular weight polyethylene glycols and the like.

The active compounds can also be in micro-encapsulated form with one or more
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excipients as noted above.,  The solid dosage forms of tablets, dragees, capsules, pills, and
granules can be prepared with coatings and shells such as enteric coatings, release conirolling
coatings and other coatings well known in the pharmaceutical formulating art. I such solid
dosage forms the active compound may be admixed with at least one mert diluent such as
sucrose, lactose or starch.  Such dosage forms may also comprise, as is normal practice,
additional substances other than inert diloents, ¢.g., tableting lubvicands and other tablcting
aids such a magnesium stearate and microcrystalline cellulose. In the case of capsules, tablets
and pills, the dosage forms may also comprise buffering agents.

Dosage forms for topical or transdermal administration of a compound of this
invention include ointments, pastes, creams, lotions, gels, powders, solutious, sprays,
mhalants or patches.  The active component is admixed under sterile conditions with a
pharmaceutically aceeptable carrier and any needed preservatives or buffers as may be
required.  Ophthalmic formulation, car drops, eye ointments, powders and solutions are also
contemplated as being within the scope of this invention.

The ointments, pastes, creams and gels may contain, in addition to an active
compound of this nvention, excipients such as animal and vegetable fats, oils, waxes,
paraffins, starch, tragacanth, cellulose derivatives, polycthylene glycols, siticones, bentouties,
silicic acid, tale and zine oxide, or mixtures thereof

Powders and sprays can contain, in addition to the compounds of this invention,
excipients such as lactose, talc, silicic acid, aluminum hydroxide, calciom silicates and
polyamide powder, or mixtures of these substances.  Sprays can additionally contain
customary propellants such as chlorofluorchydrocarbons.

Transdermal patches have the added advantage of providing controlled delivery of a
compound to the body.  Such dosage forms can be made by dissolving or dispensing the
compound in the proper mediom.  Absorption enhancers can also be used to increase the
flux of the compound across the skin,  The rate can be controlled by etther providing a rate
controlling membrane or by dispersing the compound in a polymer mairix or gel

According o the methods of treatment of the present invention, discascs are treated or
prevented in a subject, such as a human or other animal, by administering to the subject a
therapeutically effective amount of a compound of the invention, in such amounts and for
such time as is necessary to achiove the desired result,  The term "therapeutically effective
amount” of a compound of the invention, as used hercin, means a sufficient amnount of the

compound so as to decrease the symptoms of a disorder in a subject.  As 18 well understood
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in the medical arts a therapeutically effective amount of a compound of this invention will be
at a reasonable benefit/risk ratio applicable to any medical treatment.  In general, a
compound of the invention will be administered iu a therapeutically effective amount via any
of the usual and acceptable modes known in the art, either singly or in combination with one
or more therapeutic agents. A therapeutically effective amount may vary widely depending
on the severity of the discase, the age and relative health of the subjoct, the potency of the
compound used and other factors. In general, satisfactory results are indicated to be obtained
systemically at daily dosages of from about 0.03 to 2.5 mg/kg per body weight.  An
indicated daily dosage in the larger mammal, .g., humans, is in the range from about (.5 mg
to about 100 mg, convenicutly adnunistered, e.g., in divided doses up to four times a day or
m retard form. Suitable unit dosage forms for oral administration conprise from ea. | to 50
mg active mgredient.

In certain embodiments, a therapeutic amount or dose of a compound of the mvention

i

may range from about (.1 mg/Kg to about 500 mg/Kg, alternatively from about | to about 50
mg/Kg.  In general, treatment regimens according to the invention comprise administration
to a patient in need of such reatment from about 10 mg to about 1800 mg of the compound(s}
of this invention per day in single or moultiple doses.  Therapewtic amounts or doses will also
vary depending on route of admanistration, as well as the possibility of co-usage with other
agents. Upon improvement of a subject’'s condition, a maintenance dose of a compound,
composition or combination of this invention may be administered, if necessary.
Subsequently, the dosage or frequency of adnvinistration, ot both, reay be reduced, as &
function of the symptoms, to a level at which the improved condition is retained when the
symptoms have been alleviated to the desired level, treatment should cease. The subject
may, however, require intermitient treatment on a long-term basis upon any recurrence of
disease symptoms.,

It will be vnderstood, however, that the total daily usage of the compounds and
compositions of the present invention will be decided by the atiending physician within the
scope of sound medical judgment.  The specific inhibitory dose for any particular patient
will depend upon a variety of factors including the disorder bemg treated and the severity of
the disorder; the activity of the specific compound employed; the specific composition
employed; the age, body weight, general health, sex and diet of the patient; the time of
administration, route of administration, and rate of excretion of the specific compound

employed; the duration of the treatment; drugs used in combination or coincidental with the
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specific compound employed; and like factors well known in the medical arts.

The invention also provides for a pharmaceutical combinations, ¢.g., a kit, comprising
a} a first agent which 1s a coropound of the invention as disclosed herein, in free form or in
pharmaceutically acceptable salt form, and b) at least one co-agent.  The kit can comprise
mstructions for its administration.  The terms "co-administration” or "combined
administration” or the like as utilized herein are meant (o encompass administration of the
selected therapeutic agents 1o a single patient, and are indended to include treatment regimens
in which the agents are not necessarily administered by the same roote of administration or at
the same time.

The term "pharmaceutical combination” as used herein means a product that rosulis
from the mixing or combining of more than one active ingredient and includes both fixed and
non-fixed combinations of the active ingredients.  The term "fixed combination” means that
the active ingredicnts, ¢.g., a compound of the invention and a co-agent, arc both
administered to a patient simultancously in the form of a single entity or dosage.  The ferm
"non-fixed combination” means that the active ingredients, e.g., a compound of the invention
and a co-agent, are both administered to a patient as separate entities cithor simultancously,
concurrently or sequentially with no specific time Huntis, wherein such administration
provides therapeutically effective levels of the two compounds in the body of the patient.
The latter also applies to cocktail therapy, e.g., the administration of three or more active
ingredienis.

In certain embodiments, these compositions optionally further comprise one or more
additional therapeuatic agents.  For example, chemotherapeutic agents or other anti-
proliferative agents may be combined with the compounds of this invention to treat
proliferative diseases and cancer.  Examples of known chemotherapeutic agents include, but
are not Hmited to, Gleevec™, adriamycin, dexamethasone, vingristine, cyclophosphamide,
fluorcuracil | topotecan, taxol | interferons, and platinum derivatives.

Other cxamples of agents that a compound of this invention may also be combined
with include, without Houtation: treatments for Alzheimer's Discase such as Ariceptl 8 and
Excelon(R); treatments for Parkinson's Disease such as L-DOPA/carbidopa, entacapone,
ropinrole, pramipexole, bromocriptine, pergolide, tribexephendyl, and amantadine; agents for
treating Multiple Sclerosis (MS) such as bets interforon (2.g., Avonex(R) and RebifiR)) ,
Copaxone(R), and mitoxantrone; treatments for asthma such as albuterol and Singulair(R);

agents for treating schizophrenia such as zyprexa, risperdal, seroquel , and haloperidol; anti-
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mflammatory agents such as corticosteroids, TNF blockers, 1L-1 RA, azathioprine,
cyclophosphamide, and sulfasalazine; mmunomodalatory and immuonosuppressive agents
such as cyclosporin, tacrolimus, rapanyein, mycophenolate mofetil, interferons,
corticosteroids, cyclophophamide, azathioprine, and sulfasalazine; neurotrophic factors such
as acetylcholingsterase inhibitors, MAQ inhibitors, interferons, anti-convulsants, ion channel
blockers, riluzole, and antiparkinsonian agenis: agents for treating cardiovascular discase
such as beta-blockers, ACE inlubitors, diuretics, nitrates, calcium channel blockers, and
stating; agents for treating liver disease such as corticosteroids, cholestyramine, interferons,
and anti-viral agents; agents for treating blood disorders such as corticosteroids, antileukemic
agents, and growth factors; and agents for treating immmunodeficiency disorders such as
gamma globulin.  Some examples of materials which can serve as pharmaceutically
acceptable carriers include, but are not Hmited to, ion exchangers, alumina, aluminm
stearate, lecithin, serum proteins, such as human serum albumin, buffer substances such as
phosphates, glycine, sorbic acid, or potassitum sorbate, partial glyceride mixtures of saturated
vegetable fatty acids, water, salts or electrolyies, such as protamine sulfate, disodivm
hydrogen phosphate, potassivm hydrogen phosphate, sodiom chloride, zine salts, colloidal
silica, magresium trisilicate, polyvinyl pyrrolidone, polyacrylates, waxes, polyethylene-
polyoxypropylene-block polymers, wool fat, sugars such as lactose, glucose and sucrose;
starches such as corn starch and potato starch; cellulose and its derivatives suach as sodim
carboxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth; mal;
gelating tale; excipients such as cocoa butter and suppository waxes, oils such as peanut o1,
cottonseed o1l; safflower oil; sesame o1l; olive oil; com o1l and soybean oil; glyeols; such a
propylene glycol or polyethylene glyeol; esters such as cthyl oleate and ethy! lmurate, agar;
buffering agents such as magnesium hydroxide and alumioum hydroxide; alginic acid;
pyrogen-free water, isotonic saline; Ringer's solution; ethyl alecohol, and phosphate baffer
solutions, as well as other non-toxic compatible hibricants such as sodivim lauryl sulfate and
magnesium stearate, as wekll as coloring agents, releasing agents, coating agents, sweetening,
flavoring and perfuning agents, preservatives and antioxidants can also be present i the
composition, according to the judgment of the formulator.  The protein kinase inhibitors or
pharmaceutical saits thercof may be formulated mto pharmaceutical compositions for
administration to animals or humans. These pharmaceutical compositions, which comprise
an amount of the protein inhibitor effective to treat or prevent a protein kinase-mediated

condition and a pharmaceutically acceptable carrier, are another embodiment of the present
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mvention.

In another aspect, the invention provides a kit comprising a compound capable of
inhibiting kinasc activity sclected from one or more compounds of the invention, and
mstructions for use in treating cancer.  In certain embodiments, the kit firther comprises
components for performing a test to determine whether a subject has activating and/or drug
resistance mutations in BGFR.

The following Examples arc tHustrative and should not be interpreted in any way so

as 1o Hmit the scope of the invention.

EXAMPLES
EXAMPLES 1-92: Compound Synthesis
General

The urea formation was performed using a Biotage” Initiator” Microwave
Synithesizer, All reactions were monitored by thin layer chromatography (TLC) with (.25 nun
E. Merck pre-coated silica gel plates (60 Fusq) and Waters LOCMS system (Waters 2489
UV/Visible Detector, Waters 3100 Mass, Waters 515 HPLC pump, Waters 2545 Binary
Gradient Module, Waters Reagent Maunager and Waters 2767 Sample Manager) using

SgnFire™ ¢

18 colummn (4.6 x 50 mm, 5 um particle size): solvent gradient = 100% A at 0
min, 1% A at 3 min; solvent A = §.035% TRA m Water; solvent B = $.035% TFA in MeOH;
flow rate : 2.5 mL/min. Purification of reaction products was carried out by flash
chromatography using CombiFlash*Rf with Teledyne Isco RediSep RS High Performance
Gold or Silicycle SiliaSep™ High Performance columms (4 g, 12 g, 24 1, 40 g, or 80 g) and
Waters LCMS system using SunFire’ " Prep C18 column (19 x 50 mm, 5 pm particle size):
solvent gradient = 8% A at 0 min, 10% A at 8 min; solvent A = 0.035% TFA in Water;
solvent B = 0.035% TFA in MeOH; flow rate : 28 mL/min. The purity of all compounds was
over 95% and was analyzed with Waters LOMS systern. 'H NMR and PC NMR spectra were
obtained using a Varian Inova-600 (600 MHz for 'H, and 125 MHz for () spectrometer,
Chemical shifts are reported relative to chloroform (5 = 7.24) for 'H NMR or dimethyl
sulfoxide (4 = 2.50) for "H NMR and dimethy! salfoxide (5 = 39.51) for "C NMR. Data are

reported as (br = broad, s = singlet, 4 = doublet, ¢ = triplet, ¢ = guartet, m = multiplet).
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Example 1. N-(3-(1-{6-{(Z-methoxyv-4-{d-methviniperazin-i-

viiphenvhaminoipvrimidin=-4d=-vii-:

(93]

A. 6~chlore-N-G-nitrephenylipyrimidin-4-amine.
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= i
NG,

To a sohution of 4,6-dichloropyrimidine (2.0 g, 13.52 mmol} in 2-propanol (34 mL}
was added 3-nitroaniline (1.86 g, 13.52 mmol) and 4N HCI in dioxane (3.38 mi, 13.52 mmol}.
The reaction mixture was stirred at 80 °C for 24 hrs and concentrated to balf of the original
volome of solvent under reduced pressure. To the reaction mixture was added water (150 mL)
and the resulting precipitate was collected by filtration. The solid was blown dry using
nitrogen gas to give 6-chloro-N-(3-nitrophenyhpyrimidin-4-amine (2.3 g, 68% yicld) as
bright yellow solid. Rt =4.15 min; "H NMR 600 MHz (DMSO-de) 6 8.71 (1, /=2.4 Hz, 1H),
8.58 (s, 1H), 8.98 {dd, J= 1.2 Hr, J =84 Hz, 1H}, 788 (dd, J= 1.8 Hz, J= 7.8 Hz, 1H)}, 7.61
(¢, /=78 Hz, 1H), 6.87 (s, 1H); MS m/z: 251.06 [M+1].

B. N4-(Z-methoxy-4-(4-methylpiperazin-1-vhphenyl}-N6-(3-

pitrephenyhipyrimidine-4,6-diamine.

N

AN
»

N
|

To a solution 6-chioro-N-(3-nitrophenylpyrimddin-4-amine (1.0 g, 4.00 mumel) in 2-
butanol (10 mL) and rifluorcacetic acid (0.3 mL) was added 2-methoxy-4-(4-
methylpiperazin- 1-yDaniling (606mg, 4.39 mmol). The reaction mixture was stirred at 120 °C
for 10 hrs and the solvent concentrated under reduced pressure. The reaction mixture was
dilmted with dichloromethane and washed with saturated aqueous potassium carbonate
solution and brine. The organic layer was dried over MgS0y, filtered through a pad of celite
and concentrated under redoced pressure. The residue was purified by columm
chromatography on silica gel (1:99 10 3:97, amumonia solution 7.0 N in
methanol/dichloromethane) to afford N4-(2-methoxy-4-{4-methylpiperazin- 1 -vDphenyl)-No-
(3-nitrophenyDpyrimidine-4,6-diamine (1.3 g, 75% vicld) as an solid. Rt = 2.73 min; 'H
NMR 600 MHz (DMSQG-dy) 6 9.50 (s, 1H), 8.72 (s, 1H), 8.24 (5, 1H), &.22 (s, 1H)}, 7.91 {dd,
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J=12Hz, J=84Hs, IH}Y, 727 (d, J =84 Hz, 1H), 7.50 (1, /=84 Hz, I1H), 7.21 {d, /=84
Hz, 1H), 6.49(d, /=24 Hz, 1H), 6.51 (dd, J=2.4 Hz, /=90 Hz, 1H), 576 {5, 1H), 3.77 (s,
3H), 3.16 (m, 4H), 2.46 (m, 4H), 2.32 (5, 3H); MBS m/z: 43645 [M+11L
C. 1{6~{{Z-methoxy-d-(4-methylpiperazin-T-yiphesyDaminepyrimidin-4-y - 1.3~
nitrophenyl-3-phenylurea and 1-2-methoxy-4-(4-methylpiperazin-1-yhiphenyl)-

§-{6-{{(3-nitrophenyhamine)pyrimidin-4-yi)-3-phenyiurea

A 5 ml microwave vial was charged with N4-{Z-methoxy-4-(4-methylpiperazin-1-
yhphenyD-N&-(3-nitrophenyDpyrimidine-4,6-diamine (200 mg, .46 nmmol), pheoyl
isocyanate (164 mg, 1.38 munol} and toheene (2 mL). The reaction vial was sealed and heated
at 130 °C for 1 h. To a reaction vial was additionally added phenyl isocyanate {109 mg, 2.35
mmol) and heated at 130 °C for 1 h. The reaction mixture was concentrated under reduced
pressure. The residue was purified by colummn chromatography on silica gel {(1:99 to 7:93,
methanol/dickloromethanc) and additionally purified using HPLC to afford 1-(6-({2-
methoxy-4-(4-methylpiperazin- | -yhpbenyiamino jpyrinidin-4-yD-1-(3-nitropheny b-3-
phenviurea (80 mg, 35% yield) as an off-white solid Rt = 3.78 min; MS m/z: 55541 [M+1]
and 1-(Z-methoxy-4-(4-methylpiperazin- L-yDpheny - 1-(6-((3-nitrophenyDamino)pyrimidin-
4-yi)-3-phenylurca (70 mg, 27% yicld) as an off-white solid Rt = 4.17 min; MS m/2: 555.41
[M+1]

B. 1~G-aminopheny)-1-(6-{CQ-methoxy-d-(4-methyipiperazin-i-

yhiphenyDamine)pyrimidin-4-yi}-3-phenylurea
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To a sclution 1-{6-{((Z-methoxy-4-{4-methylpiperazin- L-vDphenyDamino jpyrimidin-4-
yh-1-(3-nitrophenyl)-3-phenylurea (80 mg, 0.14 mmol) in ethyi acetate (1 mL) and conc.
HCH(0.1 ml.) was added Tin(ll) chloride dihydrate {162 mg, 0.76 mmol). The reaction

5 mixture was stirred at 60 °C for 6 hrs. The reaction mixture was diluted with ethyl acetate and
neutralized with satd. NaHCQ; solution. The organic layer was dried over MgSQ,, filtered
through a pad of celite and concenirated under reduced pressure. The crade product was used
in the next reaction without further purification. Rt = 3.45 min; MS m/z; 525,55 [M+1]

E. N-3-(3-(6~{(Z-methoxy-4-{(4-methylpiperazin-1-yphenvBamine)pyrimidin-4-yl)-

10 3-phenylureido}phenybhacrylamide

To a sohution I-(3-aminophenyD-1-{(6-{(2-methoxy-4-(4-methyipiperazin- 1 -
yhphenyDamine ipyrinudin-4-yi)-3-phenyhmrea (60 mg, 0. 11 mmol) in THF (1 mL) and satd.
NaH{CO; solution (1 mL) was added acryloyl chloride (10 ul, 0.13 numol) at 0 °C. The

15 reaction mixture was stirred at {§ °C for 30 min. The reaction mixture was partitioned between
othyl acetate and water. The water layer was extracted with cthyl acctate and the combined
organic tayer was washed with brine. The organic Jayer was dried over MgSQs, filtered
through a pad of celite and concentrated under reduced pressure. The residue was purified by
coloma chromatography on silica gel (1:99 to 10:90, methanol/dichloromethane} to afford N-

20 (3-(1-(6-{(2-mcthoxy-4-(4-methyipiporazin- 1 -yDphenyhamino )pyrimidin-4-y1}-3-
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phenvhureido)phenyhacrylamide (42 mg, 63% yicid) as an off-white sohid. Rt =3.73 min; 'H
NMR 600 MHz (BMSO-dgy 4 12.57 (5, 1H}, 10.30 (s, 1H), 8.68 (5, 1H), 8.39 (s, 1H), 7.72 {4,
J=T72Hz, 1H), 7.61 (s, 1H),7.55(d, J=84Hz, 2H), 745 (¢, /=84 Hz, 1H},732 (¢, J=
8.4 Hz, 2HY, 7.23 (m, THL, 7.05 (¢, S =78 Hz, 1H}, 6.99 (4, J = 7.8 Hz, 1H}, 6.49 (s, 1H),
645 {(dd, /= 10.8 He, J= 168 Hz, 1H), 638 (d, =84 Hz, 1H), 628 (dd, J= 1 8 Hz, J=
16.8 Hz, 1H), 5.78 (dd, /= 1.8 Hz, J=10.8 Hz, 1H), 5.24 (&w, 1H}, 3.66 (5, 3H}, 3.08 (m,
4H), 2.44 (m, 4H), 2.22 (5, 3B MS m/z: 579.48 [M+11.

Example 2. NA3-{6~(1-{Z-methoxy-4-{4-methvipinerazin~-i-viiphenvil-3~

phepvivreldeipyvrimidin-d-viiamineiphenviacrviamide {ZA}

NTRN HNTTS

e

HI N0

jslien
H?‘i\i N ™

O
| N

N-{3-((6-{1-(2-methoxy-4-(4-methyipiperazin- I-yDphenyy-3-

2A

phenyiureidoipyrimidin-4-yDaming}phenyvhacrylamide was prepared as descried for
Example 1 D and E starting from 1-{2-methoxy-4-{4-methylpiperazin-1-yDphonyl}- 1-(6-{(3-
nitrophenylarinepyrimidin-4-yD-3-phenylurca. Rt = 3.96 min; 'H NMR 600 MHz (DMSO-
dey ¢ 1280 (s, 1H), 10,10 (s, 1H}, 9.54 (5, 1H), 8.56 (s, 1H), 7.95 (s, 1H), 7.57 (d, /= 7.8 Hz,
2H), 7.33 (5, J= 8.4 Hz, 21, 7.28 (m, 2H), 721 (¢, /=78 He, 1H), 7.05 {(m, 2H}, 6.70{d, J =
24 Hz, 1H), 660 (dd, /=24 Hz, /=90 Hz, 1H), 648 (dd, /= 102 Hz, /= 174 Hz, 1H},
6.26(dd, /= 1.2Hz, J=168 Hz, 1H), 577 (s, 1H},5.75(dd, /= 1.8 Hz, /=102 Hz, 1H},
3.72 (s, 3H), 3.25 (m, 4H), 2.50 (m, 4H), 2.66 (s, 3H); MS m/z: 57948 [M+11.
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Example 3,

Mol 3 3-benzvi~ - 6-{(Z~methaxy-4-{d-methvininerazin-1~

viiphenviiamineipyvrimidin-4-vDiurcido)shenvhacrviamide (3A)

\N HND
HN

To a solution of 2-methoxy-4-(4-methylpiperazin- I-yDaniline {10 g, 45.2 mmol) in
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tohoene (230 mL} was added Di-reré-butyl dicarbonate (9.87 g, 45.2 mimol}. The reaction
mixture was stirred at 120 °C for 6 hrs and concentrated under reduced pressure. The residue
was purified by column chromatography on silica gel (3:97 to 10:90, ammonia solution 7.0 N
n methanol/dichloromethane) to afford title compound (12.5 g, R6% yield). Rt = 3.23 mun;
'H NMR 600 MHz (DMSO-ds) 3 7.62 (s, 1H), 7.31 (br, 1H), 6.52 (d, /= 2.4 Hz, 1H), 6.38
(dd, /=24 Hz, J=9.0Hz, 1H),3.72 (s, 3H), 3.04 (m, 4H), 2.39 (m, 4H), 2.17 {5, 3H}, 1.38
{5, 9H);, MS m/z: 321.99 [M+11

B. tert-butyl (6-chiorepyrimidin-4~-yH(Z-methoxy-4-{(4-methyipiperazin-1-

yiiphenyhicarbamate

To a solution of tert-buiyl (Z-methoxy-4-(4-methyipiperazin- I -yiphenylcarbamate
(10 g, 31.1 numol) in anhydrous THF (160 mL) was added NaH (1.9 g, 46.7 mmol) at § °C.
After 30 min, 4,6-dichloropyrimidine (6.9 g, 46.7 mmeol) was added to the reaction mixture at
0 °C. The reaction mixture was heated to 60 °C for 6 hours after which it was cooled to room
temperature and quenched with water. The remained THF was concentrated under reduced
pressure and then water (200 mL) was added to the reaction mixture. The residue was
triturated with EtOH (15 mL) for 2 bowrs. The produced solid was filiered and washed was
water, The product was dried to give brown solid (10.2 g, 76% vield). Rt = 3.65 min; 'H
NMR 600 MHz (DMSO-ds) 0 8.57 (s, 1H), 7.97 (s, 1H), 7.31 (&, 1H), 6.92{d, /= 9.0 Hz,
iH), 6.60 (d, J=2.4 Hz, 1H), 648 (dd, J=2.4 Hz, J= 8.4 Hz, 1H), 3.7 (s, 3H), 3.20 (m,
4H), 2.45 (m, 4H), 2.22 (5, 3H), 1.34 (5, 9H); MS m/z: 448.49 [M+1 1.

C. tert-buiyl (Z-methoxy-4-(4-methyipiperazin-i-yhphenv{6-{{3-

nitrophenyDamine)pyrimidin-4-ycarbamate
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A mixtore of tert-butyl (6-chlovopyrimidin-4-yHZ-methoxy-4-(4-methylpiperazin-1-
yvhphenyhcarbamate (10.0 g, 23.08 mmol), 3-nitroaniline (6.37 g, 46.17 mmol), KoCO5 (9.6 g,
69.25 vumel) in 2-butanlol (230 ral) was degased for 10 min. To a reaction mixture were

added Pdx(dba): (1.26 g, 1.39 mumol) and X-phos (990 mg, 2.0¢ mmol} and heated at 120 °C

(¥

for 6 hours after which, it was filtered with a pad of celite and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel (3:97 to 13:90,
amymonia solotion 7.0 & in methanol/dichloromethane} to afford title compound (10.3 g, 83%
vield). Rt = 3.70 min; "H NMR 600 MHz {(DMSO-ds) ¢ 10,01 (s, 1H), B.78 {5, 1H), 8.32 (5,
10 IH),795{(dd, J=12Hz, J=78Hz 1H),7.77{dd. J=24Hz, J=84 Hz, 1H),7.53 (¢, J=
8.4 Hz, 1HY, 730 (s, 1H), 685 (4, J= 7.8 He, 1H), 6.55(d, J=24Hz, 1H}, 642 (dd, /= 1.§
Hz, J=9.0 Hz, 1H), 3.67 (s, 3H), 3.15 {m, 4H), 2.43 {(m, 4H), 2.20 {5, 3H), 1.31 {5, 9H); MS
m/z 536,13 [M+1].
B. tert-butyl (6-G~benzyi-1-G-nitrophenyhureido)pyrimidin-4-ylj{ 2-methoxy-4-{4~

[y
(92

methyipiperazin-1-yhphenyljcarbamate

oo, LU T

2

O

P

~
W T

[;3

To a solution tert-butyl (2-methoxy-4-(4d-methylpiperazin- I-yDphenyD{6-{((3-

NO,

nitrophenyhaminopynmidin-4-ylicarbamate (1000 mg, 1.87 mmol) in dichloromethane (19

ml.) were added DMAP (342mg, 2.80 mmol) and 4-nitropbeny! chloroformate (375 mg, 1.87

NI
[ow}

mmol). After | hour, BDMAP (342mg, 2.80 mmel) and 4-nitrophenyl chloroformate (375 mg,
1.87 mmol) were added to the reaction mixture which was stirred for 8 hours. When the

reaction was completed, the reaction mixture was diluted with dichioromethane (106 mL) and
71
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washed with brine twice. The organic layer was dried over MgSQ,, filtered and concentrated
gader reduced pressure,

To a solution of the crude product in THF (20 mb) was added DIEA{0.65 md, 3.74
mmol) and benzyl amine (8.61 mL, 5.60 mmol). The reaction mixture was stivred for 4 hours
after which it was partitioned between ethyl acetate and water. The organic layer was
separated and the aqueous layer was extracted with cthyl acetate. The combined organic
extracts were washed with brive, dried over MgSQO, filtered and concentrated vnder reduced
pressure. The erude product was purified by colamm chromatography on silica gel (3:97 1o
10:90, methanoci/dichloromethane) to afford title compound (760 mg, 61% yield). Rt =4.03
min: 'H NMR 600 MHz (DMSO-ds) 6 8.97 (1, /= 6.0 Hz, 1H), 8.37 (d. J = 1.2 Hz, 1H), %.28
{(mm, iH), 818 (s, 1H), 780 (d, S = 5.4 Hz, 21}, 740 (s, 1H), 7.33 (m, 4H), 7.25 (m, 1H), 6.83
{d, /=84 Hz 1H), 656{(d, J=18Hz 1H), 643 (dd, /= 1.8 Hz, J=7.8Hy, 1H), 440 (d,J
=60 He, 2H), 3.25 {5, 3H), 3.17 (m, 4H), 2.47 (m, 4H), 2.23 (s, 3H), 1.25 {5, 9H; MS m/:
66%.36 [M+1 1.

E. 1-G-aminophenyl)-3-benzyl-1-(6~((Z-methoxy-4~-(4-methylpiperazin-1-

vhphenyhamine}pyrimidin-4-yliurea

NN HN'/\L\
AL T
b

W

-

HIN -
SO

= NH,
N

E?]

To a sohution of tert-butyl (6-(3-benzyl- 1 -B-mtrophenybureido ypyrimidin-4-yh2-
methoxy-4-(4-methylpiperazin-1-yhphenylicarbamate (500 mg, .75 mmol) in Ethyl acetate
(10 mL) were Tim (1) chloride dihydrate (844 mg, 3.74 mmol) and cone. HCI (1 ol). The
reaction mixture was stirred for 6 hours at 60 °C after which, it was cooled down to room
temperatare. Ammonium hydroxide solation (28 ~ 30% NH:) was added to the reaction
mixture until the pH reached arcund 5 and Na,CO- was added to the reaction mixture yntil
pH comes 1o 7. The reaction mixture was filtered through a pad of celite and concentrated
under reduced pressure. The crude product was used in the next veaction without further
purification. Rt =3.05 min; 'H NMR 600 MHz (DMSO-ds)  10.15 (¢, J = 6.0 Hz, 1H), 8.57
(s, 1H), .20 (5, 1H}, 7.35 (m, 4H), 7.24 (n, 1H), 7.19 (m, 1H), 7.07 {1, J=T7.8 Hz, 1H), 6.56

72
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{d,J=84Hz, IH), 651 (d,J=18Hz 1H), 6.40 (dd, J= 2.4 Hz, J =84 Hz, 1H), 6.35 (s,
iH), 630 (d, J=7.2 Hz, 1H), 5.61 (br, 1H), 5.21 (s, 2H). 442 (d, J= 6.0 Hz, 2H), 3.69 (s,
3H), 3.10 (m, 4H), 2.44 (m, 4H), 2.23 (s, 3H); M8 m/z: 53916 [M+1].

F. Ne3-(3-beneyh1-(6~{(Z-methoxy-4-(4-methylpiperazin-1-

yhiphenyDamino)pyrimidin-4-ylurcidejphenyacrylamide

A

:’/Nj o
i\?, |

N-{3-(3-benzyl-1<{6-{(Z-methoxy-4-(4-methylpiperazin-1-

yhphenyhaminopyrimidin-4-ylureido jpbenyljacrylamide was prepared as described for
Example 1E starting from 1-(3-anminophenyl}-3-benzyl- 1-(6-((2-methoxy-4-(4-
methylpiperazin- 1-yliphenyDamino)pyrimidio-d-yDurea. Rt = 3.13 min; 'H NMR 600 MHz
(DMBO-dsy ¢ 1027 (5, 1H), 10.13 {m, 1H), 8.57 (s, 1H), 8.24 (5, 1H}, 7.70 (d, /= 8.4 Hz,
THY, 7.54 (s, 1H), 741 (0, /=84 Hz, 1H), 7.83 (m, 4H), 7.24 (m, 1H)}, 692 {d, /=78 Hz,
1H}, 6.54 (s, 1H), 6.41 (m, 1H), 6.45(dd, T =102 Hz, T = 16,8 Hz, 1H), 6.39 (dd, /= 1.8 Hz,
J=84 Hz 1H),628{(dd, =18 Hz J= 162 Hz, 1H}, .78 (dd. /=18 Hz, J= 10.8 Hz, 1H),
572 (br, 1H), 443 (4, J=6.0Hz, 2H), 3.67 (5, 3H), 3.09 (m, 4H), 2.45 (m, 4H), 2.23 (5, 3H). ;
MS m/z: 59338 [M+11.

Scheme 3.
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Examplie 4. Bengyvl G-acrviamddophenyB(2-{(2-methoxv-4-{4-methvipinerazin-i-

yvhphenvhaminoipyrimidin-d-vhicarbamate

Aﬁﬁ@
/O\E«/ ; e

r’N\. O
(S |
5 E 44
A. 2~chlore-N-G-nitrophenybpyrimidin-d-amine
L
«::e’i!\ NZNH
NG,
2-chloro-N-(G-mitropheny Hpyrimidin-4-amine was prepared as descried for Example
1A starting from 2 4-dichloropyrimidine. Rt = 2.83 min; MS m/z: 25081 [M+11L
10 B. benzyl (Z-chlovepyrimidin-4-y(3-nitvophenylicarbamate
03§
Cs”k P oo
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To a sclution of Z-chloro-N-(3-nitrophenylpyrimidin-4-amine (160 mg, .64 mmol)

i THF (3 mi.) was added DIEA (G.22 b, 1.28 mumel) and benzyl chloroformate (0.91 pl,

{3.64 mmol). The reaction mixture was stirred for 24 howurs after which, Ut was partitioned

between cthyl acetate and water. The organic layer was separated and the aqueous layer was
5 extracted with ethyl acetate. The combined organic extracts were washed with brine, dried

over MgSQ,, filtered and concentrated under reduced pressure. The crude product was

purified by columu chromatography on silica gel (G:100 1o 1:99, methanol/dichioromethanc)

to afford title compound (190 mg, 77% vicldy. Rt = 3.65 min; MS m/z: 385.21 [M+1].

. benzyl C-{(Z-methoxy-4-(d-methyipiperazin-1-yl)phenyhamine)pyrimidin-4-

10 yiB{3-nitrophenylicarbamate

N/\\l o) =
HN’J\N{ N’J\*;\@
/0\2\] /)’W\

S N,

benzyl 2-{(2-methoxy-4-(4-methylpiperazin- L-yDphenyDamino)pyrimidin-4-yH(3-
nitrophenylcarbamate was prepared as descried for Example 1B starting from benzyl (2-
chioropyrinidin-4-yD{3-nitrophenylicarbamate

15 B. benayl G-acrviamidophenyD(2-((2-methoxy-4-{(d~-methyipiperazin-1-

yhiphenyDamine)pyrimidin-4-yljcarbamate

AL O
HN’L“N‘/ N/L\\O =

Benzy! (3-acrylamidopheny(2-((2-methoxy-4-(4-methyipiperazin- |-
yhphenyDaminopyrimidin-4-ylcarbamate was prepared as described for Example 3E and F
20 starting from benzyl (2-((Z-meothoxy-4-(4-methylpiperazin-1-yhpheoyhamino)pyrimidin-4-
y1(3-nitrophenylcarbamate. Rt = 3.30 min, MS m/z 1 594.36 [M+1], 'H NMR 600 MHz

(DMBO0-dy) § 10.29 (s, 1F), 9.70 (br, 1H), 8.32 (d, J= 6.0 Hz, 1F), 7.85 (4, J = 6.6 Hz, 1),
75
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7.51 (s, YFT), 7.40 (m, 2F1), 7.26 (m, 4H1), 7.23 (m, 2F), 7.01 (dd. J= 1.2 Hz, J= 7.8 Hz, 1H),
6.55 (d, J=2.4 Hz, 1H), 6.40 (m, 1H), 6.24 (dd, J= 1.8 Hz, J = 17.4 Hz, 1H), 6.02 (br, 1H),
5,74 (dd, J= 1.8 Hz, J= 10.2 Hz, 1H), 5.18 {5, 2H), 3.74 (s, 3H), 3.68 (n, 2H), 3.48 (m, 25D,

340 {m, 2H), 2.83 (s, 3H), 2.79 (m, 2H).
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Scheme 4.
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Example 8.  {8¥-l-acrviovi-N-{4-{3-benzvi-1-methviurcido-7-methoxvguinazolin-6-

vhovrroliding-2-carboxamide (3A}

NTRN O HNT l\
O NN
i i E

!,/=

bt SA

To a sclution of 4-chloro-7-methoxy-6-nifroquinazoline (1.0 g, 4.18 mmol) in

77
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anhydrous THF (10 mL) was added 2.0 M methylamine solation in THF (4.4 mL) at 0 °C.
The reaction mixture was stirred for 4 hours at room {emperature and concentrated to half of
the original volume of selvent under reduced pressure. To the reaction mixture was added
water (100 mL} and the resulting precipitate was collected by filtration. The solid was blown
5 dry using nitrogen gas to give 7-methoxy-N-methy}-6-nitroquinazolin-4-amine (870 mg, §9%
vickd} as a bright yelow solid.
B. T-methoxy-Né-methyiguinazoline-4 6-diamine

N

T

N O/\\{/’f
NH,
To a sohution of 7-methoxy-N-methyl-6-nitroquinazolin-4-amine (800 mg. 3.42 mmol}
10 i methanol (8 ml) was added Palladiom, 10 wt. % (dry basis) on activated carbon, wet,
Degussa type E101 NE/W under nitrogen atmosphere. The reaction mixture was
hydrogenated under balloon pressure for 6 hrs. The resulting suspension was filtered through
a pad of celite then the filtrate was concentrated to afford 7-methoxy-N4-methyiquinazoline-
4,6-diaming {670 rog, 96% yicld) as a white solid.
15 C. (S)y-tert-butyl 2-{{7-methoxy-4d-(methylamine)guinazolin-6-
yicarbamoylpyrrolidine-1-carboxylate

NN

i

HN._ 0

N goc

To a solution of 7-methoxy-N4-methylquinazoline-4,6-diamine (600 rag, Z2.94 mumol)
and {S)-1-(tert-butoxycarbonyDpyrrolidine-2-carboxylic acid (632 mg, 2.94 numol) in DMF
20 (12 mL) were added HATU (3.3 g, 8.82 mmol) and DIEA (2.56 mL, 14.70 mmmol). The
reaction mibxture stirred at room temporature for overnight after which, it was partitioned
cthyl acetate and sat. NH4Cl solution. The water layer was extracted with othy! acetate. The
combined organic layer was washed with brine, dried with MgS(,, filtered with a pad of
celite and concentrated under reduced pressure. The crude compound purified with flesh

25 silica chromatography (0:100 to 3:97, methanel/dichloromethanc) as a solvent to afford (S)-

~J
s}
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tert-butyl 2-((7-methoxy-4-(methylamino jquinazolin-6-yhcarbamoyDpyrrolidine- 1 -
carboxylate (910 mg, 77% vield) as a white solid.
B (S)-tert-butyi 2-({(4-(3-benryl-T-methylureido)-7-methoxyquinazolin-6-

yviicarbamoypyrrolidine-1-carboxylate
r\ HA \O

HN._.0

\O /

N~ Boe

(93]

A 'S mb sealed vial was charged with (S)-tert-butyl 2-((7-methoxy-4-
{methylaminojquinazolin-6-ylicarbamoylipyrrolidine-1-carboxylate (200 mg, .50 momol),
benzyl isocyanate (92 ul, .75 mmol) and toluene {2 mb). The reaction vial was scaled and
heated at 100 °C for 4 hrs. The reaction mixture was concentrated under reduced pressure and

16 theresidue was purified by column chromatography on silica gel (1:99 to 5:95,
methanol/dichloromethane) to afford (S)-tert-butyl 2-((4-(3-benzy - L-methyhureido)-7-
methoxyguinazolin-6-ylicarbamoylipyrrolidine-1-carboxylate (190 mg, 71% yield) as an off-
white solid.

E. {(8§)-N~{4-3~benzyl-T-methylureido)-7-methoxvquinazolin-6-yhpyrrolidine-2-

carboxamide

NN OHN O

,,{

To a solution of 2-{(4-(3-benzyl-1-methylureido)-7-methoxyquinazolin-6-

[y
(92

yhearbamoyhpyrrolidine- L-carboxylate (100 mg, 0.19 mmol) in dichloromethane (I mL) was
added TFA (I1mL). The reaction mixture was stirred for 4 hrs and concentrated under reduced
20 pressure. The crude mixture was partitioned dichloromethane and sat. NaHCOs solution. The
water tayer was extracted with dichioromethane. The combined organic layer was washed
with brine, dried with MgS0,, filtered with a pad of celite and concentrated under veduced

pressure. The crade prodact was used in the next reaction without further purification.

B Ts)
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E (S)-1-acryvieyl-N-{4-(3-benzyl-1-methylureide)-7-methoxyguinazolin-6-

yvipyrrolidine-2Z-carboxamide

NE‘"\“N HN/\[\/j
= r”h?’i‘o P

A

HN_ O

o
A

To a sohution of {§)-N-{4-(3-benzyl- l-methylareido)-7-methoxyquinazolin-6-
vhpyrrolidine-2-carboxamide (50 mg, .12 mmol) in anhydrous DMF (1 b)) and DIEA (40
ul, 0.23 mmol} was added acryloyl chloride (10 pl, 0.12 mmol) at ¢ °C. The reaction mixture
was stirred at § °C for 2 hrs. The reaction mixture was partitioned between ethyl acetate and
water. The water layer was extracied with ethyl acetate and the combined organic layer was
washed with brine. The organic layer was dried over MgSQO,, filtered through a pad of celite
and concentrated under reduced pressure. The residue was purified by coluom
chromatography on stlica gel (1:99 to 10:90, methanol/dichloromethane) to atford (S)-1-
acryloyl-N-(4-(3-benzy - 1-methylureido)-7-methoxyquinazohin-6-yDpyrrolidine-2-
carboxamide (38 mg, 68% vield) as an off-white solid. Rt = 3.13 min, MS m/z : 489.36
[M+1], "H NMR 600 MHz (DMSO-dg) 5 9.78 (5, 1), 8.89 (s, 1H), 8.79 (5, 1), 7.63 (1, J =
6.0 Hz, 1H), 7.36 (s, 1H), 7.22 (m, 4H), 7.16 (m, 1H), 6.68 {dd, /= 10.2 Hz, 16.2 Hz, 1H),
6.17{dd, /=24 Hz, /=162 Hz, 1H),7.72 (dd, =24 Hz, /=102 Hz, 1H), 483 (dd, /=
24 Hz, J=84Hz, 1H), 422 (d, /=60 Hz, 2H), 4.02 {5, 3H), 3. 66 (m, 1H}, 3.64 (m, 1H},
3.34 (s, 3H), 190 - 2.05 (m, 4H).

Scheme S,

PCT/US2014/046022
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Example 6. N-O3-(7-{{Z-wmethoxy-4-{(4d-methvipiperazin-i-viiphenvhaming}-2.4~-dioxg-3-

5  phenvi-3.4-dibvdropvrimide 4. 5-dlpyvrimidin- 13 B -vhiphenviiacrviamide (643

Ve
N/\\fi\i/\ ’
AL A A

HN® 'N™ N

oA

A, ethyl 2-(methyithio)-4-((3-nitrophenyDaming)pyrimidine-5-carbexvlate

7N

64

81
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O
N./\TH\G/\
\S/[!\N{ NH

Q.

Ethyl 2-(methylthio)-4-{(3-nitrophenyhamino jpyrimidine-5-carboxylate was prepared

NO,

as descried for Exanple 1A starting from ethyl 4-chloro-2-(methy lthiojpyrimidine-5-
carboxrylate.

5 B. 2-(methylthio}-4-({3-nitrophenyDamina)pyrimidine-3-carboxylic acid

0
g kN/ NH

<\

N,

To a solution of ethyl 2-(methyhthio }-4-((3-nitrophenyDaminopyrimidine-5-
carboxylate (1.0 g, 2.99 mmol) in THF (5 mL) and MeOH (S mL)} was added LiOH-H,O
{628 mg, 14.97 mmol) in water (5 mL). The reaction mixture was stirred for overnmight at
10 room tomperature. The organic solvent was removed under reduced pressure and water (4 ml)
was added to the reaction mixture. To a reaction mixture was added IN HCI solution to
produce solid. The solid product was filtered and dried with mitrogen gas flow. The title
product (720 mg, 79% yield}) was used next reaction without further purification.

C. 2-(methyithio)}-4-((3-nitrophenyhamine}-N-phenyipyrimidine-S-carbosamide

0 //’j
~ /j\ = H

S N NH
7

SN
15 NGO,

To a sclution of Z-{methykthic}-4-({3-nitrophenyhamine jpyrimidine-5-carboxylic acid
(600 mg, 1.96 mmeol) and anihine (268 ul, 2.94 momoly m DMF (6 mL) were added EDCI
{363 mg, 2.94 mmol), HOBt hydrate (450 mg, 3.33 nunol) and TEA (409 ub, 2.94 mmol).
The reaction mixture stirred at room tomperature for overnight after which, it was partitioned
20 ethyl acetate and sat. NH4Cl solution. The water layer was extracted with ethyl acetate. The

combined organic layer was washed with brine, dried with Mg30,, filtered with a pad of
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celite and concentrated under reduced pressure. The erude compound purified with flesh
silica chromatography {0:100 to 3:97, methanol/dichloromethane) as a soivent to afford 2-
{methylthio}-4-((3-vitrophenyDaming )-N-phenyipyrimidine-5-carboxamide {620 mg, 83%
vield).
5 B. 7-(1H-imidazel-1-vyH-1-(3-nitrophenyl}-3-phenyipyrimide{4,5-djpyrimidine-
2,4(1H,3H)-dione

JLQ

O

NG,
A 25 mL scaled vial was charged with (of 2-(methylthio)-4-((3-nitrophenyliaming}-N-
phenyipyrinddine-5S-carboxamide (620 mg, 1.63 mumoel), CDI (2.6 g, 16.27 wmumol) and xylenc
10 {6 mL). The reaction vial was sealed and heated at 160 °C for 24 brs. The reaction mixture
was concentrated under reduced pressure and the residue was purified by column
chromatography on sifica gel (1:99 to 7:95, methanol/dichloromethane) to afford 7-(1H-
imidazol-1-y1)-1-(3-nitropheny-3-phenylpyrimido[4,5-d]pyrimidine-2 4(1H,3H)-dione (240

mg, 35% vyield).

[y
(92

E. 7-{(C-methoxy-4-{4-methyipiperazin-i-yhiphenyDaming)-1-3-nitrophenyl)-3-
phenyipyrimide{4,5-djpyrimidine-2,4(1H,3H)-dione

O =
-y ,J‘!\N, [
N”L\*o

NO,

7-{{Z-methoxy-4-{4-methylpiperazin-1-yhphenyhamino - 1-{3-nitrophenyl)-3-
phenyipyrinide(4,5-dipyrimidine-2,4(1H,3H}-dione was prepared as descried for Example
20 18 starting from 7-(1H-toidazol-1-yh- 1-(3-nitrophenyl}-3-pherylpyrinudol4,5-
dipyrimidine-2,4( 1 H,3H)-dione.
F. N-(G~{7-(2-methoxy-$-{4-methyipiperazin-i-yhphenyaming}-2,4-dioxo-3-
83



WO 2015/006492 PCT/US2014/046022

phenylk-3,4-dihydropyrimidol4,S-dipyrimidin-1ZH-yhphesyDacrylamide
@L
SlEe
N
|

N-(3-(7-((Z-methoxy-4-(4-methylpiperazin- 1 -y DphenyDamino )-2 4-dioxo-3-phenyl-

\’;}H

NH

3, 4-dihydropyrimido[4,5-d]pyrivndin- | 2H)-yDiphenyvlacrylamide carbamate was prepared
5 as descried for Example 3E and F starting from 7-{(Z-methoxy-4-{(4-methylpiperazin-1-

yhphenyhamino)-1-(3-nitropheny)-3-phenylpyrimido[4,5-dpyrimidine-2,4(1H,3H)-dione.
Rt = 2.93 min, MS m/z : 605.47 [M+1], 'H NMR 600 MHz (DMSO-d;) 6 10.27 (5, 1H), 8.74
{5, 1H}, 8.54 (s, 1H), 7.71 {br, 1H), 7.68 (5, 1H), 7.36 (m, 3H), 7.31 (m, ZH), 7.27 (m, ZH),
7.09 (m, 1H), 7.03 (d, /= 6.0 Hz, 1H), 6.39 (s, 1H), 634 (m, 1H), 6.16 {(dd, J=1.8 Hz, J =

10 16.8 Hz, 1H), 5.66 (dd, J= 1.8 Hz, .7 =9.6 Hz, 1H), 3.65 {5, 3H), 2.92 (m, 4H), 2.31 (m, 4H),
2.1 (g, 3H).

Scheme 6.

.
»\/U\ o~ 2.0 M NHsMe N/\L)l\of\. 1.20MLAH NJ;\ 21 0 aniine, Na(CN)BH
et ~ . / -
- /L\ By THE \S,/E\N(; \H 2 MOz, DCM S0 N7 TH - ASOR, MeDH
s N ;
I PNy
N"A\\\v/\ /& trighosgens o '\i”“\\\/\ N nopBA N ,L\\
P EA, THE LS DO
\S NANH \S/\'N?\IT/{“\O s o”\\
!

E /‘\ /O
/r\ O HO/[L\'/\/N /\E
aniling, TFA /L\ /lk\\ ! Oxalyi chloride, AN

2-BuOH © T hEa T

NO,

15 Example 7. {(Ej-d-{dimethviaming}-N-{4d-methoxv-3-{{8-methvl-7-0x0-6-phenvi-5,6,7.8-
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tetrabvdropvrimideld S-dlpyvrimidin-2-vhaminophenvhibui-2-enamide {(TA)

Q
N!/\\:[f\ N o
HNT

N

O

3

7A

5 To a solution of ethyl 4-chloro-2-{methylthio)pyrimidine-5-carboxylate (2.0 g, R.6
munol} in THF (20 mL) was added 2.0 M methylamine solution in THF (11.34 mE, 214
mmol) at 0 “C. The reaction mixture was stirred at room temperature for 1 h and concentrated
to half of the original volume of solvent under reduced prossure. To the reaction mixture was
added water (2000 mL) and the resulting precipitate was collected by filtration. The solid was

10 blown dry using nitrogen gas to give cthyl 4-(methylaming)-2-{methylthiopyrimidine-5-
carboxylate (1.75 g, 89% yicld) as a white solid. "H NMR 600 MHz (CBCL) 8 .60 (5, 1H),
R16(hs, 1H), 432 (g, /=72 Hz, J=13.8 Hz, 2H), 3.07 {d, J = 5.4 Hz, 3H), 2.54 (5, 3H},
136 (7,7 = 7.2 Hz, 3H); 'H NMR 400 MHz (DMSO-ds) § 8.49 (5, 1H), 8.23 (bs, 1H), 4.26 (g,
J=71Hz J=14.1 Hz, 2H), 2.96 {d, /=48 Hz, 3H}, 2.48 (s, 3H), 1.28{¢,./= 7.1 Hz, 3H).

is B. 4-(methylaming)-2-(methyithio)pyrimidine-S-carbaldehyde
N0
™~ /J\ o

s° N E\iJH

To a sclution of 4-{methylaming)-2-(methylthio)pyrimidine-5-carboxylate (300 mg,
1.32 mmol) in THF (6.6 mL} was added 2.0 M lithium alumingm hydride solution in THF
{0.79 L, 1.58 mmol) at 0 “C. The reaction mixture was stirred at room temperature for 2 hrs
20 and treated with satarated NHLCl solution (2 mL). After stirring at room temperature for 30
min, the reaction mixtore was filiered through a pad of celite. The filtrate was partitioned
hetween ethyt acetate (30 ml.) and water (20 roll). The organic layer was washed with brine,
dried over MgSQy, filtered through a pad of celite and concentrated under reduced pressure.

The resulting white sohid (210 mg, 86% yield) was used for the next stop without fiwther
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purification.
To a solution of (4-{methylamino)-2-(methylthicipyrimidio- S-yhmethanol 210 mg,

1. 14 mmol) in dichioromethane (3.8 mL) was added activated Manganese(IV) oxide (980 mg,
i1.4 mmol} at room temperature and stirved for overnight. The reaction mixture was filtered

5 through a pad of celite and concentrated under reduced pressure. The resulting crude product
was purified by flash silica gel chromatography with ethy] acctate/hexane (1/9 to 1/4) to give
{190 mg, 89% vield) of the title product as a white selid. 'H NMR 600 MHz (CDCh) 6 9.67
{5, 1H}, 8.52 (bs, 1H}, 8.27 {5, 1H), 3.10 (d, J= 5.4 Hz, 3H), 2.54 {5, 3H).

C. N-methyl-2-(methylthie)-5-({(phenyiamineymethyhpyrimidin-4-amine

0
DR
A

To a solution of 4-(methylamine)-2-(methylthioypyrimiding-5-carbaldehyde (190 mg,

NH
10

1.04 mmel) in methanol (§ mb) were added acetic acid (0.12 ml., 2.06 mmol), aniline ¢ {106
mg, 1.14 mmol) and Na(CN}YBH: (325 mg, 5.18 munol) at the resulting solution was stirred at
room temperature overnight. The reaction mixture was partitioned between cthyl acetate (30
15 ml.) and saturated NaHCO, (20 mb) and then the water layer was extracted with cthyl acctate
{10 mL x 3). The combined organic layer was washed with brine, dried over MgSQO,, filtered
through a pad of celite and concentrated umder reduced pressure. The resulting crude product
was purified by silica gel chromatography with ethyl acetate/hexane (1/4 to 2/3) to give N-

methyl-2-(methylthio)-5-((phenyiamino ymethy Dpyrimidin-4-amine (180 mg, 67% yield) of

20 the title product as a white sohid.
B. I-methyl-7-(methylthie)-3-phenyl-3 4-dikydropyrimide[4,5-dipyrimidin-2(1 H}-
9
\SXN/ NTTRO
h i
To a sohution of N-methyl-2-(methy lthio)-5-({phenylamino imethy Dpyrimidin-4-amine
(180 mg, (.69 mmol) in 1,4-dioxanc (3.60 mL) were added DIEA {0.36 mb, 2.08 mmol) and
25 wiphosgene (82 mg, 0.28 ramol) at § °C and stirred at room temperature for 1 h, The

precipitate was filtered off and the filtrate was stirved at 110 °C for 3 s, The reaction
mixture was cooled to room temperatire and was partitioned between cthyl acetate (20 mL)
and saturated NaHCO: (20 mL) solution. The organic layer was washed with brine, dried over
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MgSQO,, filtered through a pad of celite and concentrated under reduced pressure. The
resubting crude product was purified by column chromatography on silica gel {(0:100 1o 3:97,
methanol/dichloromethane) to give 1-methyl-7-(methylsulfonyi-3-phenyl-3,4-
dihydropyrimidof4,5-dlpyrimidin-2( 1 Hi-one {140 mg, 71% yield) of the title product as a
white solid.
E. i-methyl-7-(methylsulfonyi}-3-phenyi-3.4-dihydropyrimido[4,5-dlpyrimidin-
2(1H}-one

To a sohution of 1-methyl-7-(methylsulfonyl)-3-phenyl-3.4-dihydropyrimido{4,5-
dipyrimidio-2{1H)-one {140 mg, .49 mmeol) in dichloromethane (Z mL) was added m-
chloroperbenzoic acid (361 mg, 1.47 mmol) at § °C. The reaction mixture was stirred for 30
min at § °C and then stivred for additional 3 hrs at room temperature. The reaction mixture
was partitioned between dichloromethane (20 mL) and satorated NaHCOs (20 mE). The
organic layer was washed with brine and dried over MgS8Q,, filtered through a pad of celite
and concentrated under reduced pressure. The resulting white solid was used for the next step
without further purification.

F. 7-({(Z-methoxy-S-nitrophenyDamine)--methylk-3-phenyl-3 4-

dihydropyrimide[4,5-dipyrimidin-2(1 H)-one

//
™ \?i\i’\
N TS0

|
NG,

To a solution of l-methy-7-(methylsulfony!)-3-phenyi-3,4-dihydropyrimido4,3-
dipyrimidin-2{ i H}-one {130 mg, ¢.41 mmol) in 2-bathanol (1.0 mL} were added 2-methoxy-
S-nttroantline (137 mg, 0.82 mmol) and TFA (0.1 ml). The reaction mixture was stirred for
24 brs at 120 °C in sealed reaction vessel. The reaction mixnre was cooled to room
temperature and concentrated vnder reduced pressure. The crude reaction mixture was
partitioned between cthyl acetate (10 ml) and sat. NaHCO; solution. The water layer was

extractod with cthyl acetate. The combined organic layer was washed with brine, dried with

&7



(93]

NI

WO 2015/006492 PCT/US2014/046022

MgSQy, filtered through a pad of celite and concentrated ander reduced pressure. The
resubting crude product was purified by column chromatography on silica gel {(0:100 to 5:95,
methanol/dichloromethane) to give 7-((2-methoxy-5-nitrophenyhamino)- l-methyl-3-phenyl-
3, 4-dihydropyrimido[4,5-d]pyrimidin-2{ 1 H)-one (120 mg, 72% yield).

G (E3-4-{(dimethylaming }-N-{(¢d-methoxy-3-({8-methyl-7-0x0-6-phenyl-5,6,7,8-

tetrahydropyrimidol4,5-dipyrimidin-Z-yliamine)phenyhbut-Z-enamide

g
NE/\\\(\N S
HN)\N”’ N"L‘*Q

l
”Oﬁl P
N’K‘%\JN\
H

To a solution of 7-{(2-methoxy-S-nitrophenyDarsino - I-methyl-3-phenyl-3,4-
dibydropyrimidol4,5-dlpyrimdin-2( HH)-one (120 mg, 0.30 mol) in methancl (2 mL) was
added Palladium, 10 wt. % (dry basis) on activated carbon, wet, Degussa type E101 NE/W
under nitrogen atmosphere. The reaction mixture was hydrogenated under balloon pressure
for 6 hrs. The resulting suspension was filtered through a pad of celite andthe filtrate was
concentrated to afford 7-((5-aming-2-methoxyphenylamino)- L-methy -3-pheny}-3,4-
dihydropyrimidoi4,5-dlpyrinmidin-2(1H-one {105 myg, 94% vield).

To a stirred solution of (E)-4-(dimethylanineybut-2-enoic acud hydrochloride (60 mg,
(.36 mamol) in CHsCN (1.0 mL) was added oxaly] chloride (37 uL, .44 mamol) at {# °C. The
reaction mixiure was allowed to stir at § °C for 30 min and then at RT for 2 b, Finally it was
heated at 45 °C for § min, cooled and the reaction mixture, (E)-4-{dimethylaminoibut-2-
enoyl chloride, was concentrated under reduced pressure.

To a sohution of 7-{({§-amino-2-methoxyphenyDamino)- t-methyl-3-phenyl-3 4-
dihydropyrimidol4,5-dipyrimdin-2{1H)-one (105 mg, 0.28 mmol} in anhydrous THF (1 mL)
were added DIEA (0.24 ml, 140 mmol) and (E)-4-(dimethylamino)but-2-enoyl] chloride in
anhydrous THF (1 mL) at 0 °C. The reaction mixture was stirved at 0 °C for 1 h, quenched
with cold water (§ mL.) and extracted with CH:Cl (3x10 mb). The organic layer was washed
with brine, dried over MgSO,, filtered through a pad of celite and concentrated vunder reduced
pressure. The resulting crode product was purified by Prep HPLC to give (E)-4-
{dimnethylamine}-N-{(4-methoxy-3-((8-methyl-7-0x0-6-phenyl-5,6,7 8-

tetrahydropyrimido[4,5-dipyrimidin-2-yDamino )phenylbut-2-cnamide (89 mg, $5% yield) as

o0
s}
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a TFA salt. Rt = 2.95 min, MS m/z : 488.41 [M+1].
The following compounds were produced by using the corresponding starting

compounds according to method stmilar to that described in Example 1, 3 and 4

Table 2.
Cotpound i Structure NMR and/or Mass
Synthetic method hite B vAar MAass
\\v{/ Re =435 mun, , MS m/z: 595.41 [M+1]
X
NE"’\ N OHN
/k\*// :
HN NG
Example 8 eQ /4,KI o
Seheme 1 R N/U\\»/ﬁ
N H
[NJ
P Rt =460 min, MS ny/z 0 621.25 [M+1]
s A J
NTE N HN
S PaS
o) HN" N O
Fxample @ >‘:—:g 2 i
N4 5
Scheme 1 x
NH N
Q== ¢ j
N
/ 4
<= Rt =3.6& min, MS m/z: 580.53 [M+1], 'H
NMR 600 MHz {DMSO-dg) ¢ 1034 (s, 1H),
Ny B (d, J=60Hz, 1H), 7.84 (4, /=78 Ha,
R v :
Ni (? ‘P) 768 (m, 1H), /(4(\ 1H) /Jﬁ(’,J’:?‘S
i—iN/{\N R Hz, 1T1), 7.37 (i, 2000, 7.31 (s, 1513, 7.24 1, T =
' 7.8 He, 110), 7.15 (m, 3H), 6.47 (d, J = 2.4 Fiz,
Example 16- K TH), 6.40 (m, 1H), 6.23 (dd, /= 1.8 Hz, J= 16.8
/ L
/ | = l G Hz, 1H), 6.0 (br, 1H), 5.73 {dd, J= 1.8 Hz, J-
Scheme 4 b e, ,[L\/// 10.2 He, 1H), 3.72 {5, 3H), 2.97 (s, 410, 2.39
Y N (m, 410, 2.17 (s, 3H),
./N]
’\
)
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Ry = 4.20 s, MS m/z 1 61335 [M+1], H
NMR 600 MUz (DMSO-dy) & 10,05 (s, 11,
8.96 (5, 1H}, $.08 s, 111, 7.99 (5, 1H), 7.83 (5.
1), 7.2 (m, 210, 714 (1, / = 5.4 Tz, 1H), 6.96
(1,7 ="7.2 Fiz, UT}. 6.74 {dd, J = 1.2 {1z, S = 8.4
iz, m), 6.58 {d, J = 2.4 Hz, 151}, 6.48 (m, 1113,
1, 2H), 6.22 {dd, J = 1.8 Hz, J = 16.8 Hz,

Scheme 1

Example 11 0O
N = | /4(5 TH), 5,70 (dd, J= 1.8 Ha, T = 10.8
i : . it : ?n 3H), 310 (m,
Scheme 1 Bow . ! UERAA
RTNH
N
) Oéﬁi
‘?/
L ?‘E N hi 7.53¢d, J=7 2[1,}}{ /47-dd] 4447}
Example 12 e =9.0 Hz, 1H), 7.28 (m, 3H). 7.00 m, 24) 6.6
HN \ .42 (m, 1F

6.20 {dd, J= 1.8 Hz, J =

b

2

dd, J= 1811 —f—iﬂﬂHz
“3 3

Fxample 14

Scheme 1

H
P S i - 289,00 [M1 1, H NMR 600 Mz
| (DNISO-dg) 8 1240 (5, 1H). 10,15 (s, 151, 9.71
A N (6, 1H), 8.53 {s, 171}, 8.01 {5, 1H), 7.56 (d, J =
] , NE N HN 7.2 Hz, TH), 7.38 (d, J= 7.2 Hz, 1, 7.32 (i,
Example 13 A 411, 7.26 (1. J = 7.8 iz, UT). 7.05 (1, 1= 7.2 T,
HiN Egi o 1H), 6.52 (s, 1H), 6.47 (m, 1H), 626 (dd, . =
Sehieme 1 p 18 He, /= 16.8 Hz, 1H), 5.74 {dd, J = 1.8 Hz, J
’i Q = 10.2 Hz, 1H), 2.31 (5, 3H).
oy
H
P NS /1 38925 [M 14, T NMR 600 Milz
i (DMBO-dy) 6 10. 70 (s, 13, 9.90 (br, 1H), 7.92
2 S {br, 11D, 8.27 (s, 11}, 7.85 (5, 1H), 7.30 {(m,

2H), 7.24 (m, VH), 7.35 (m, 3H). 6.80 (d, J=7.2
Hz 2H), 6.43 (m, 1H), 6.24 (dd, J= 1.8 Hz, J =

7.4 He, 1H), 5.82 {5, 1H), 574 (dd, J = 1.8 Hz,
=102 Hz, 1H), 2. "6 {s, 3H).

Scheme 1

= != G
W MM
N
H
NTIN HNC e NS mz 403,11 M1 ], ]'H\IMR 500 Mz
);\\/ ' | (DMSO-dg) § 10.28 (5, LH), $.26 (s P- L 7.68
- = P (d,J=%.4 Uz, 111), 7.58 {=, 1), 742 7, J=84
Example 15 H;\f 0 iz, 251}, 728 (e, 3FT). 7.21 (e, 3T}, qu (d,.
=72 He, 1H), 6.41 (m, 11), 6.24 (dd, J= 1.8

He, J=15.6Hz 11),5.74 {dd, 7= 1 8 Hz,

10.2 Bz, 1H), 5.40 (s, 1), 436 (4, J= 6.0 Hz,

ﬁ 2H), 3.50 (s, 3H).
NN RN R NS miz L 43303 M
. i o i P
Example 16 HN ?‘ﬁ/ O
.C i
Scheme 1 g / I O
'\‘\\\ N Mo
H
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Example 17

MS m/z « 40330 M+,

Schewe

Scheme = E Q
U Nj\\/y"
H
~ F Rt=4.28 min, MS m/z : 47128 [M+1], 'H
= | NMR 600 MHz (IDMSG-de) § 12.86 {5, 1H),
£0.02 (s, 11T}, 804(x ;m 8.48 (s, H; 8.17(d
PSS LN 5
NN HN Ci ;
Examyple I8 /]\\/
. e ¢
HN N™ O = 7 , :
Seheme 1 o 4(s 1), 6.44 s, 1H), 6.22
TN i O (da / =162 He, 111),5.71 (dd, J =
! 1.8 Hz, 1 11—1),3.30 (s, 3H), 3.27 (s,
X N/u\\’//} 3H).
H
F Rt =4.07 min, MS m/z : 441 23 [M+1], 'H
N NMR 600 MHEz (DMSO-dg) 6 12.47 (s, -H
e 1L13 (s, 1), 970 (s, 1HD, 851 (5, 1D, 7
N HN Ci (m, 1), 7.86 (dd, j=2.4 He, J =7 LHA, ,}i
Example 19 750 (m, 1D, 7.34 Om, 2HD), 7.28 ’d J= .341{

1H), 7.24 (1, /= 8.4 He, IH) 6.52 (s, 1H), 6.44
(m, 1), 624 (dd, J= 1.8 Hz, J= 174*]7 TH),

=4 O 572 (dd, J= 1.8 Hz, J= 102 HZ, 111, 3.29 (s,
31;)
Xy /lkf
N
H
7 Bi = 31T min, MS ms 476,48 ML TH
| NMR 600 MUz (DMSG-dg) & 12.59 (s, 1T,
NI N 0.25 (s, 1H), 8.96 {5, 1H), 8.50 (5, 1H), 8.21 (d,
) . ; ' =18 Ha, 1), 7.57 (d, /= 7.8 17, 2H), 749
Example 20 /kf;‘)\ ,»lx ((w’ J=2.4 He,J = 84 Ha, 1) 7,34 (1,4 =78
HN ?i‘i G 2H}, 7.06 {m, 2H}, 6.73 {im, 1'{; 6.69 {im,
Scheme 1 O . aP-), (\ 47 (a’ J=15.6 Hz, 1H), 3.93 (m, 24},
Y l Q 287 (s, 3H), 3.30 {5, 3H), 2.80 (d, 7= 3.0 Hz,
Sy N/lkff’{”\./N\ 6H).
H
2 Ri - 337 min, M8 /s : 446,27 [M 1% 1
| NMR 600 Mz (DMSO-dgs 6 12.41 (s, 1H),
o N 10,35 (5, 1H), 9.74 (s, 1ED), 2.54 (5, 1H), $.05 (
N ‘ \JE N HN J= LS bz, 1), 758 (d, J = 7.2 e, ZH), 739
Exantple 21 HNJ\\“/’;&N 3 (d, = 9.0 Haz, 1H), 7.34 {m, 3H) 7.28 (1, J =
| 8.4 Ha, 1H), 7.03 (1, J = 7.8 Hz, 1), 6.76 {m,
Scheme 1 . 1), 6.55 (s, 1), 6.50  {d, J = 15.0 Hz, iH),
| O { 2.94 (mr, 2FD), 3.30 (s, 31}, 2.81 (4, J = 3.6 1z,
- )i\,//,\/\q\ oI

a1
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r Ri= 433 muim, MS 7 631.40 [MA 1],
s\ai”"‘\\‘w HN S N
HN /L\xﬁi\ N /&\O
Exampde 23 O !
-~ o : N O
Scheme 2 . L N E N/l\x//
5 H
®
N -~
NI/’\\\‘N HN&@ Re=2.92 mu, MS m/z 0 53037 [M+11L
HN i}a’&o &
Exsmple 23 pue, P I '
Schewe X NH Od

N/\\‘\N HN/@ Ri=2.93 aun, MS m/z 1 S30.37 [M+1].
/L\\)\ E L
\ /gO

Example 24

Seheme 1

/&ﬁ NIS m/z : 54939 [}
S
O

Example 25

Scheme 1

Q2



WO 2015/006492

PCT/US2014/046022

Example 26

MS m/z : 54939 M+,

Scheme 1

O (I" S i =
Scheme 1 R\v/ﬂ\ N /j\\,;/ o
H

O

N

E

NIS iz 47531 M),
l"“ N HN
Example 27

Example 29

Scheme 1

HN O
0]
i
A
N~ P
L Rt =3.00 min, MS m/z : 497.30 [M+1].
S e
N TNOHNT
SN
Example 28 r\v f\f O
~a e
Scheme 1 i
HN. O
O
fi
N~ Ci
N»"’»\\» Rt =72.95 min, M8 m/z: 563.45 [M+11.
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Example 3¢

Scheme 1

Re=2.13 mmn, M8 m/z : 563.45 [M+11.

Examyple 31

Scheme 4

Rt =238 min, MS m/7 1 533.34 [M+1].

Example 32

Seheme 1

Rt=3.12 min, Mo m/z 2 571.39 [M11], 1
NMR 600 MHz (DMSO-dg) & 12.81 (b7, 1),
£90 (5, 1H), 8.35 (s, 111, 7.49 (m, 3H), 7.26
(tn, 23D), 7.06 (dd, T = 2.4 Hz, = 8.4 11z, 1H),

= 7.8 Hz, 1H), 6.74 (s, 1T}, 6.63 (dd, }
A Hz, 3= 7.8 Hz, 1), 6.49 (m, 18, 6.07
T=1.8 1z 7= 16.8 Hz, UD), 5.61 (m, 1)

®
|
{,//\T Re=2.13 min, M8 m/z : S71.45 [M+1],
NE/:\\?; HIN NN
HNT S N
Example 33 /Q - E E!”£:§CN4<)—
Seheme 1 W T
)
N
I

94



WO 2015/006492

PCT/US2014/046022

Fxample 34

Scheme 2

-

Re=2.13 nun, M8 m/z 1 607 .43 {i '%1], 'H
NMR 600 MHz (DMSO-dg) é 10, 50 (br, 1H),
10.25 (s, 1H), ¢ ’70 'F,. 1H}, 8.7 jHU& 28
(s, 1H}, "C, {d,J= SHZ 1H), "’47 (s, 1H),
737, J=7. :;H? FH), 7.32 (m, 4H), 7.20 (m,
1H), 6.88 (d, /=84 Hz, 1H). 6.55(d, J=1.8
Hz, 1H), 6.43 (dd, = 2.4 Hz, J= 9.0 Hz, 1H},
638 (1, 1H), 6.23 {dd, J= 1.8 Hz, J =174 Hz,
1H), 5.74 (dd, /= 1.8 Hz, /= 10.2 Hz, 11},

R u')tbl FH}, 4.88 (m, 1H), 3.76 (m, 2H), 3.65
{5, 3H}, 3.51 (e, 2H}, 2.1 G, 2H), 2.88 G,
2H), 2.82 (s, 3H), 1.43 (¢, J = 6.6 Yz, 3H).

Example 35

Seheme 2

%\
<
)

@]
\_/

Rt=3.12 min, M8 m/% : 607.43 [M+1], 'H
\"M 600 MHz (DMSO-dg) 6 10.36 (5w, 1H),
10.25 {5, 1H), 9.72 (br, 1H), 8.67 {s, 1H}, 8.27
(s, 1HD, 7.67 {d. J=7.8 Hz, 1H), 7.44 {5, 1H),
7.38 (4, I 8.4 Hz, 1), 7.29 (m, 41, 7.20 {m,
1H), 6.87 (d,J=7.8 He, 1H), 655 (d, J=2.4
Hz, 1H), 6.43 (dd, /=24 He, J= 90 Hg, 1H),
6.38 (m, 1H {idd, J"'l&Hz J=16.8 Hz,
W), 5.74 (dd, J= 1.8 He, J= 10.2 Hz, I H),
S48 (br, 11}, 4.88 (m, -h) 376 (m, 2H), 3.65
(s, SH}, 2.48 (m, 2H3, 3.09 G, 2H3, 2.88 (m,
21, 2.82 (s, 3H), 1.43 (d, J=6.6 Hz, 3.

Example 36

Scheme 2

Rt=23.07 min, MS m/z : 607.36 [‘vm] "H
NMR 660 MHz (DMSG-ds)} § 10.26 (s, 1H),
Q.71 (br, 1H), 9.56 (br, 1H), £.69 (s, 1}{;,311
(s, 1H), 7.67 (d, J = 7.8 Hz, 1H), 7.49 (s, 1),
73845,0=7.8 Hz, 1}{), 7.28 (s, 2HD), 7.22 (m,
2H), 7.19( Hz, 1H), 6.86(d, /=24
Hz, m) (wﬁma,J 7497 1, 6.43 (m, 1H),
6.46 (m, 1F 1\ 6.24 {dd, f*i%J? F=17.4 He,

[Fee
7]
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Example 37

Seheme 2

Ri=2.95 min, MS m/7 : 595.46 [I“v +11, 'H
NMR 600 MHz (DMSG-dy) 8 10.061 {5, 1H),
Q.92 (br, 1H), 9.72 (br, 1H), .73 {5, 1H}, 8.24
(m, ZH), 7.62 (d Jf’/ S Ha, 1H), 7.48 (s, 1H),
7384, J=7.8 Hz, 1H), 7"2‘5 (2, 3H), 7.20 (m,
2H), 6.89 (d,./="7.8 Hz, 1H), 6 Sedd, J=24
He, 1}), 6.47 (dd, 7 =24 Hz, J= 9.0 Hz, lh,,
446 (d, 7= 6.0Hz 2H), 3.80 {m, 411\ 2.69 (s,
3H), 3.14 (m, 2H), 2.93 (m, 2H), 2.85 (s, 3H),
231 (g, 23, 1.07 {1, 311

a5
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Re=2.95 mun, MS m/z : 615.49 {M%l], ‘H
NMR 600 MHz (D’\/{SU -dg} ¢ {\‘ G2 (br, 1H)
.83 (br, 1H), 8.23 (5, 1H), 7.75 ¢ =
1H), 7.63 (5, 1H), 7 61 {d,J=8. 4}1,, 13, 7.48
7435, J= 84 He, 1H), 7.28 (m, ?}1

Examyple 42

Scheme 2

y P {s, JTr{‘),
Example 38 o E o E 7.20 (m, 2H), 6.95 (d, J = 7.8 Hz, 1}{;,99«»@
X X -H)mm mwfiu}dJ 3.0 Ha, stf.
Schieme 2 PH Hz, 1H), 4.37 d, J = 5.4 Hz, 2H), 378 (m, 2H),
N . 3.66 (s, 3, 3.47 (m, 410, 3,11 G, 20, 2.92
[ ] ¢ G, 2H), 2.8 (5, 3H).
Cl
N‘&\N HN/\\(/' Rf =2.83 min: MS mﬂ \Q)‘\?' oM+, H
j Y NMR 600 MHz {DMSG-dy) 8 10.20 (s, 1H),
HN L N/L\\o S 9.84 (br, 11}, 9.70 {br, 1H), 8.81 {, 1H), 8.25
; (s, 1), 7.72 (d, J = 8.4 Hy, 1), 753 (s, 1H),
O : 744, J= ’SH/ YD), 7.38 ¢ 'rlJ:‘?‘{ny—
Ay > L A Ja [ .4 17,
Exawmple 39 5/ | = 5.4 Hz, 1H), 7.36 (br, m“ .98 (m, 14D, 6594
S X, ) (m, 1H), 6.92 ((’ =7.8 Uz, Jr{, 038 d,J=
Scheme 2 NH 2.4 Hy, 1H), 6.46 (dd, J = 2.4 Uz, J = 9.0 Ha,
N 116, 6.42 (m, 1H), 676(@1/]—”15}&, J=168
; G i He, 1H),5.77 (dd, J=1.8 Hz, J = 10.8 Hz, ‘-1:)
i 4.54 (d, J=5.4 Ha, JD,j&Om 412}, 3.68 (s
N 3H), 311 (s, 28 2.9 (s, 2D), 2.84 (5, 35T).
NTXN HN SN Rt =2.13 min, MS mz: 59439 [M+1], 'H
JE\\/ ' | NME 600 MHz {DMSO-dg) 8 16.29 {5, 1H),
PPN < 9.84 (br, 11D, .75 (br, 1T1), 8.77 {5, 1H), 8.71
HN NTTO N (v, 11D, 8.64 (d, = 4.8 Hz, 1), 815 (s, 11D,
O 2 %17 (d,J= 7.2 Hy, 1ID), 7.74 {m, 111}, 7.64 (d. J
Example 40 | = 8.4 Hz, 1H), 7.56 (s, 1H), 7.41 (1, ./ = 7.8 Bz,
. A VH), 7.29 (m, 1), 6.93 (d, ) = 7.8 He, 1H)
Scheme 2 NH 6.57 (d, J = 2.4 Be, | 1), 6.44 (4d, J= 3.0 Hz. S
N = 8.4 Hz, 1H), 6.40 (n, 110, 6.24 (dd, J = 1.8
o I He, /=174 He, 11, 575 (dd, J= 18 Ha J =
10.2 Hz, 1FD), 4.49 {d, J= 5.4 Fz, 21T}, 3.77 {m,
?i\i 4F), 3.66 (s, 3H), 2.88 (m, 4H), 2.82 (s, 3H).
NTSN HNTTNY R Rt =23.42 min, MS m/z: 611.48 [M+1].
| L
- L /"'5\’} o
HN /L\)\N o) F
o P
Example 41 - \'/ I (/l
N S N
Scheme 2 NH
N .
4 j 0 |
N
N
E
NN HN e Rt =3.45 min, M8 m/z: 611.48 [M+1].
i |
HN/L\//?L\N/{\\}’ i
./‘O v o

96
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o~ Ol [ RU=215 mn, MS m/: 64529 [MF1], 'H
NE SN OHN | = NMR 660 MHz (DMSO-dg} ¢ 10.27 (s, 1H),
)\&, /l\\ _ 10.01 {m, 1H), 8.58 (s, 1 m, 8.24 (5. 1H), 7.69
HiN NT O F {d, J=8. 4 Hz, 1H), 7.53 (s, ), 7.52 (4.7 = 1.8
o, | Hz, iTD), 740 (1, J = 84[)7 1T, 7.34 (m, 2613,
Example 43 N =2 726 (m, 1), 6.91 (4, J = 7.8 Tz, 11}, 6.49 {d, J
- | - | = 1.8 Hz, 151), 6.46 (m, 20), 6.39 (dd, J= 1.3
Seheme 2 N Bz, /=84 Oz, 13) 6.27 (ded, J = 1.8 Hz, J =
N 6.2 Hz, 1H), 5.78 {dd, J= 1.8 He, J = m 8 Hz
o 1), 4.39 (d, J = 5.4 Hz, 7H), 2.67 {5, 310, 3.08
| (s, 4H), 2.44 (s, 4FD), 2.22 (s, 3H).
N/
|
o) Rt = 2.30 muin, MS #/z . 619.40 [M11], 'H
s NMR 600 MHz {IDMSCG-dy} 8 10.34 (s, 1H),
N X N A , 8.84, 1), 8.61 {5, 13D), 7.83 (br, 11D), 7 6'(v,
PP NS HD. 747 (3= 84 e, 111, 7.37 0n, 200, 7
HN N N g {t, =72 Hz, 21, 725 (m, 10, 717 (i, Hi)
) N i 7.09 (m, U}, 6.47 &5, ;H,ﬂ\hu(m m: 6.25
Examphe 44 SO 2 P (dd, J= 1.8 Viz, .= 16.8 Hz, {15), 5.95 (m, L),
| | 576 (dd, J= 1.8 Hz, J=5.6 Hz, ‘h) 5.07 (s,
Seheme 5 o Xy NH 2H), 3.74 (s, 3H), 3.06 (m, 4H), 2.40 (m, 4H),
2.30 (5, 3H0.
L ] O i:
|
o Re=2.60 min, MS ne/z : 587.39 [M11}, 'H
/J NMR 660 th.miso dgy 61016 (s, 1H),
Y 9.96 (m, 1H), $.44 {5, 130), 8.15 (s, 1), 7.56 (d
N S N s LY 1), 4 (2,
/Li\/ HI J=84 Hz, 1H), 41 (s, 1), 7.30 (1, J= 7.8
5 Hz, 1T, 7.08 (i, 11D, 6.78 (4, J = ’/SHz 1,
s amote 45 HN NT O 637 (d,J= 1.8 Tz, 111, 632 (m, 1110, 6.27 (4, J
Inarmple 45 Oz 7 =7.8 Hz, 1T, 6. ;((ﬂa =240z, J= 15.6 =,
I l iH)/ 5.66 (m, AH) 72 (m, 2H), 2.67 (m, 1H),
Scheme 2 \\j/ N N 2.65 (s, 3}, 3.32 (m, 2H), 2.97 (m, 411, 2.22
- (i, 4H), 2.21 (s, H 1.74 (s, 240, 1.42 (i,
N L ‘P-l
v o ’
L) |
F‘E\i
N Rt = 2.60 min, MS m/z : 54342 [M 113, 'H
NN N NMR 600 MHz (DMSO-dg) & 10.25 (v ),
i 9.26 (s, 1), 8.54 (s, 1T, 8.22 (s 6,(“9
,/L\,,)\\ ,& J=7.8 Hz, 1H), ""O(m 1H), 7 WUJ
HN NT O Uz, 1H), 7.21 (v, 1), 6.87 {d, J = 7.8 7, IH),
Example 46 PN ;,i 6.48 (4, J = 1.2 iz, 1H), 646 (m, 1H), 6.37 (dd,
7 ' O 2.4 Ty, J = 9.0 Tz, 1), 6.27 (dd, J = 2.4
y e K /li\\{//, Hz, = 162 Hz, 1}, 5,77 {dd, J = 1.8 1, J =
Beheme 2 H 10.8 He, 1H), 5.45 (5, 13D, 3.65 (s, 31 0, %.07
N {m, 40), 2.64 (m, JH\ 242 (m, 4R, 2.2

3y, 0.65 (m, 2H), 0.49 (m, 2H),
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Example 47

Scheme 2

Ri=2.93 aun, MS m/z 1 61933 {\/Ulj
\\/R 500 MHz (D\/{bU -dg} & 10.07 (m, IHV;,
850 (s, 1H}, 8.18 {5, [ H), 7.88 (,s, 1H), 7.30 (m,
‘h) 728 (m, 2H), 6.83 (dd, J= 1.8 ¥z, J= 7.8
Yz, 1H), 6.72 (m, 1H), 6.46 (d, J = 2.4 Uz, IH},
6.34(dd, J=2.4Hze, J= 8.4 He, 1H), 6.26 (dd.
F=18 He, /=162 8z, 1H),5.80(dd, = 1.8
Hz, /=96 Hz, 1H), 527 (br, 1H), 439 (4, S =
S.4 Hz, ZH), 4.24 (m, 2H), 3. 62 {5, 3H}, 3.16 (m,
2H), 3.05 (m, 4H), 2.40 (m, 4H), 2.18 {5, 3H).

Example 48

Seheme 1

Rt =213 min, MS mz : 621.29 [M+1], 'H
\“«R 600 MHz {DMSG-dgy 8 10.27 (s, 1H),

0.6 (s, 1H), 8.64 (s, 1H), 8.22 (vil . 7.67 {d,
=78 He, 1H), 7.55 (s, 1H), 7. _J':S.fi
H/ 1H), 7.28 {m, 4H}, 7,27 (i, ?H 6,92 {d, J
"11 iP-) (w*/’ta J=1.8 Hz, 1H) 6.4%7 (m,

! 8 }"L, J 17.4 Hz, i),
4.36 "a’,, J= 60 Ha,

2
£

), 2.8 5, JH), 115 ((',J¥6.6 Ho,

oy b b2
i
3
-
2

b,

Rt =2.95 min, M8 m/z : 607.43 [M+1], 'H

NMER ( 00 MHz (DMSQO-de} 8 9.72 (br, 1H),

»
3 o 9.49 (s, 1T}, 8.87 (br, 1FD), 8.23 (=, 1), 7.51 (s,
' ' 11D, 7.28 ( «\m, 61, 7.20 (m, 1), 6.96 (d. J= 8.4
e Hz, 1H), 6.58 (4, J=3.0 Hz, 1 D), 655 {m. 1D,
Example 49 O G.A5 (dd, J=72.4 Hz, J=8.4 Hz, 11), 6.22 (dd,
M thQLinflb:\}{L,th/.‘( J=11.4
Schems 2 "% Hez, 1H), 5.70 (br, L), 436 (d, J= 6.0 Hz, 2H),
N ’ 397 (m, 280, 3.67 (=, 3H) 3.48 (m, 2H), 3.10
(i, 2FT), 2.88 (e, 211), 2.82 {s, 3}, 2.25 (s,
W)
:’?
NN HNT Re=2.78% min, MS m/z : 55747 [MH1], 'H
i i NMR 600 Mz 'D\Aqo g} 6 10.25 (s, 1H)
HN”’L\/’/ N/{\\\O 9.85 (m, 1H), 8.54 (5, 1H}, 8.24 (s, 1H),
J=T72Hz 1H), 73 1("1,1}1)7 .
O Hz, 1H), 7.20 (br, 1H), 6.88 IJJ”"S'{ , TH),
~ Bz, 1E), t P K
Example 56 ~ | = i £ 6.48 (d, = 1.8 He, 1H), 6.42 (m, 1H), 6.2 -’dd
o S )\/ J=24Hz, J=90Hz 1H), 6.26 (dd, J=1.8
Seheme 2 ﬁ Hz, /=168 Hz, 11\#.77 (dd, J=1 LI! J
N 0.2 He, 1H), 5.48 {br, 1H), 3.66 (s, .)H} 2.08
i (im, 6H), 2.43 (m, 4H), zw\b 34, 1.0 (i,
Iy 1D, 0.43 (m, 2H), 0.20 (m, 2H).
i
NN HNT Ri=23.10 min, MS m/z ; 619.40 [M+1], 'H
o NMR 660 MHz {DMSC-dy} & 9.74 {br, 1H),
HN/L\%J\-'\!)%O A 8. fg(v U, 8.24 {5, 1H), 8.16 (d. = 7.2 Ha,
' 1H). 7.29 (m, oH),?Al (m, 1H), 6.87 (d, J = 8.4
G Hz, 1H), 6.71 (n, 1H), 6.57 (d, ./ = 2.4 Bz, m«
. - e i Jr Ve D2 AT EER A Nt R ~ Ay 22T
Example 51 = | = | 6.43 {dd, J = 2.4 Hz, J = 2.4 Hz, 1H), 6.30 (dd,
T T N/ /=18 Ha, /= 16.2 Ha, 1H), 6.82 (dd, /= 1.8
Scheme 2 )\\ =10.8 Hz, 1H), 5.69 w le 4.38(d. /=
N iz, 2H), 4.1 8(1;.941%3 : :
- T ¢\ 48 (m, 2H), 342 (i, _H) 256 (. 211).
3FD.
N/
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Example 52

Scheme 2

Re=2.97 mmn, M8 m/z 0 611.40 [M+1].

Example 53

Schewe

Rt = 3.00 min, MS m/% : 621.41 [M+1], 'H
NMR 600 MHz (DMSG-dy) 8 10.29 (5, 1H),
0.85 (1, 1H), 8.99 (s, 1H), 8.35 {5, 1H), 7.98 (d,
J=84 He, THD, 7.70 (4, /= 9.0 Hz, 1H)}, 7.56
(s, 1H}, 7.42 (&, J = 7.2 Hz, 1H), 7.30 {2, 4H),
721 (e, 1D, 7.00 {d, J= 1.8 Hz, 1H)}, 6.96 {dd,
J=1.8Hz, J=9.0Hz, ), 693 {dd, J= 1.8
Hz, J= 8.4 He, 1}), 6.40 (m, 11}, 6.24 {dd, 7=
18 Mz, /=174 Hz, 1H}, 6.07 (s, 111}, 5.75 {dd,
J=1.8Hz, J=10.2 Hz, 1H), 440 {d. J = 6.0
Hz, ZH), 3.75 (s, 3H}, 3.40 (e, 4H), 3.03 (i,
4H), 2.78 (s, 3H).

Examyple 54

Scheme 1

Rt 22K min, MS m/z 1 62141 [M 113, ‘1
NMR 600 MHz (DMSO-d,} & 10.07 (s, 110,
981 G, 1ED), 9.47 {5, 130}, 8.36 (s, 111), 7.88 (5,
TH), 7.3 G, SED, 721 G, 41D, 715 (6,0 = 1.8
Hz, 11, 7.09 (dd, J = 1.8 He, /= 8.4 He, 11D
6.41 (w1, 111}, 6.21 {dd, J= 2.4 Hz, /= 16,8 Hz
1), 5.92 (5, 11D, 5.70 (dd, J= 2.4 Hz, J= 108

7
! \
243 (m, 4HD), 2.09 (m, 4H), 2.78 {5, 3H).

Example 55

Seheme 2

HY = 3.57 min, MS /7  386.32 [M 1], ‘1L
NMR 600 Mz (DMSG-dy) 8 16.27 (5, 11D),
10.17 (e, 136, 8.61 (s, 111, 8.24 (s, 1H), 771
(=78 He, 11D, 7.52 (s, 11D, 7.43 (£, /= 7.8
Hz, 1FD), 7.39 (dd, J= 1.2 Hz, J = 4.2 Hz, 11D,
725 (br, 1ED 7.01 O, 155, 6.97 (m, 11D), 6.91
(d,J =781z, 1D, 6.51 {d, J= 1.8 Uz, 1Ty,
6.45 (m, 1T}, 6.3 (m, 1T, 6.28 {dd, 7= 1.
iz J=16.8 Hz, 1), 5.78 {dd, J= 1.8 Tz, J =
10.2 Tz, 1), 5.72 (bs, 11D}, 4.58 (4,7 = 6.0 1z,
IHY, 3.73 (1, 4HD), 3.67 (s, 3EL), 3.06 (m, 4},

Example 56

Schews 2

S

-

Ri = 2.95 min, MS w7 60743 [MI1], 1
NMR 600 Mz (DMSC-dg) 6 10.26 (5, 1H),
10.12 G, 13D, 8.57 (s, 110), 8.22 (s, 11), 7.69
(d.J=8.4He, 1), 7.53 (m, 1), 741 (. J =
8.4 Hz, 1H), 7.34 (m, 41D, 7.24 (n, 210, 6.91
(d,J = 9.0 e, 11D, 6.48 (m, 111, 6.43 (m, 110,
638 (dd, J = 1.8 Hz, J=9.0 Hz, 1H), 6.27 (dd,
J=1.8Hz, /= 16.8 Iz, 111), 5.77 {dd, J= 1.8
Hz, J= 102 Hz, U}, 5.56 (be, 1), 4.42 (4, J =
6.0 Hz, 211), 3.66 (s, 311, 3.08 (mz, 411), 2.48 (i,
410), 2.37 (m, 2H), 1.08 (7, J = 7.2 He, 31
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3
ﬁ

%
4
Z m.
o
<

Ri= 363 mu, MS mz s S8621 [M 1}, 'H
NMR 600 MUz (DMSO-dy} & 10.25 (s, 1),
10,03 (1, J = 6.0 Hz, 1), 2.57 (s, 1H), 8.22 (5,
1), 7.68 (4,7 = 8.4 Tz, 1H), 7.52 (m, 111),

Fxample 57 NP 2 741 (1, = 8.4 Hz, $H), 7.34 (m, 4H), 7.24 (m,
| | 2H), 6.91 (d, 7= 7.8 Hz, 1H), 6.49(d,.J~ 1.8
. = N Hz, 1H), 6.41 (m, 2H). 6.26 {dd, J = 1.8 Hz, J =
Scheme 2 NH m.&}{il 1), 5.7 (d)d J= LR Ha, /=96 H,
N - [, 5.58 (bs, THD, 441 (4, J = 6.0 He, 201
[ ] O [ 371 Gm, 4H3, 3265 3,
O
NZN HN/\(?' Ri = 2.07 min, MS m/ - 61335 [Mr1L 1
/i\/i \> NMR 600 MHz (DMSO-dy) é 1028 (s, 1H),
T VS o T 9.87 (5, 1H), 9.46 {s, 1H), 8.76 {5, 1H), $.22 (s,
; VH), 770 (d, J = 8.4 Hr, 10D, 7.51 (s, 1ET), 7.40
e, e P (t,J = 8.4 Hz, 1H}, 7.35 (dd, J= 1.2 Hz, J = 4.8
Example 58 | Hz, 1H), 7.29 (m, 1H), 6.96 (m, 1H), 6.92 -'w;,
> X 1H), 6.90 (4, 7= 9.6 Hz, 1H), 6.57 (d, J
) NH Uz, 161), 6.45 (dd, j = 24 Hz, ] - 8.4 [z, 11{),
Scheme 2 N , 540 (m, 1)}, 6.24 (dd, J = 1.8 Hz, J = 17.4 H,
E 5 o E 1H), 5.75 (dd, J = 1.8 Hz, J = 10.2 Hz, 1H),
P 5.65 (bs, 1H), 452 (d, = 4.8 iz, 250, 3.79 (m,
N 2H), 3.66 (s, 3H), 3.53 (m, 2H), sl,m
= 207 (i, 2H), 2.89 (me, 2, 123 (1, T =7
~ 3H).
NEUN HNT S~y Re—3.55 min, M8 /2 62141 (M1, T
M /L\\ . NMR 600 MHz (DMSO-dg) 6 10.26 (s, TH),
N N T 10.15 (7, 7= 6.0 Hz, TH), 8.61 (s, 1H), 8.24 (s,
' ' - 1H), 7.70 (d, 7 = 9.0 Hz, 1H), 7.53 (m, 1H),
O A 742 (1, =78 Hz, 1), 734 (m. 4, 7.2 Hm.
Example 59 | THY, 6.92 (d,J = 7.2 Hz, 1H), 654 {(d, J=
P Hz, 1H), 6.43 (i, 2H), 6.28 (d,bu:zzz HLJ:
NH 16.8 iz, ), 5.78 {dd, J = 1.8 Hz, J = 10.2 Hz,
Sehieme 2 N 1H), 5.58 (bs, U, 4.43 {d, J— 5.4 Hz, 71,
7 o | 3.68 (s, 3H}, 3.56 (m, 41, 311 (m, 2H3, 3.05
. G, 2H), 2.05 (s, 3H}
O/
NN MM Re =343 min, MS /s - 62743 [MA 1L 1
/]\\/E P NMR 600 Miiz {DMS0-dgs 6 1027 (s, 111,
i Sy S 10,17 (m, TH), 8,61 {5, 1H), 8.23 (s, 1H), 8.05
(d,.J = 1.8 Hz, 1), 771 (d,/ = 7.8 Hy, 11,
Oy 2 751 (s, 1HY. 7.41 {1, J = 8.4 Hz, YH), 7.29 (dd, J
Essrmple 60 El l = 1.2 H/ J=4.8 H/ H) 725 (m, 1H), 7.01
Lz - (i, TH), 6.96 (m, V). 6.90 {d, J = 7.2 Hz, 1H),
) hH 6.53 (d, ] ~ 24 Tie, 111, 6. 44 (m 21, 6.27
Seheme 2 _N (dd. J=2.4 Hz, J= 168 Ha, 1H), 5.78 (dd, .J =
g \] o7 3 1.8 Hz, J = 10.2 Hz, 1H) 4x7dl 5.4 Hy,
i ; 20), 367 (5, 3H), 3.57 (m, 4H), 210 (m, 280,
N 3.04 (s, 2ED), 2.03 (s, 3 ;
O/

100
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Example 61

Scheme 1

MS m/z 0 607.44 [M+11.

Example 62

Scheme 1

MS 7 1 64139 [MI 11

FExample 63

Scheme 1

St

MS @z 691IM T 1], B NMER 400 Miiz
(DMSO-d) 8 12.32 (s, 13D, 10,54 (5, 1HD), 9.34
(s, 17D}, 8.37 (s, 1T, 7.62 {4, J = 8.8 Hz, 21D,
717 (d,J = 8.0 Hz, 2H), 7.14 {m, 211, 6.90 (s,
1), 6.82 (4, J = 9.2 He, 210, 6.41 (dd, J =
16.8, 10.0 Hz, 2H), 6.23 £dd, J = 16.8, 2.0 He,
1H), 6.18 (s, 1HD), 5.75 (4, /= 10.0, 2.0 Hz,
1), 5.03 (s, 28D, 3.93 (5, 6H), 3.15 (m, 26},
3.07 {m, 4H). 2.50 (m, 25D, 2.24 (m, 31D

Examyple 64

Scheme &

MS mfz 656 [M + 1], 'H NMR 600 MHx
{(DMSO-de) 6 10,10 (s, 1H), 9.10 (s, TH), 7.95
(s, 2H), 7.56 {d, J = 8.4 He, 1 H}, 7.25 (m, 2H),
720 (m, TH), 6.98 (5, 1H), 6.40 (dd, J = 16.8,
9.6 Hz, 1H), 6.21 (&, /= 16.8 Hz,1H}, 5.74 {5,
1H), 571 (d, J = 1018 Hz, 1H}, 5.08 (s, 21,
4.48 (s, 2H}, 3.94 (s. 6H), 3.18 (m, 2H), 2.58

10

1
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Example 65

Scheme &

MS m/z: 657 [M + 1], ‘1 NME 600 MELz (TE
sait, IMSO-ds) § 10402 (s, TH), 9.10 (s, 1H),
8.03 (s. 1H), 7.70 (5, 11, 7.50 (d, J =
§F, 7.5 (4, S = 7.8 Hz, 11

Hz, 1H), 6.46 (dd, 7= 102 ).
(dd, J= 15.0, 1.8 He, 11D 3.7<«fic..‘ - 7.8, 1.8
Fiz, U, 5.15 (s, 251), 4.55 (s, 28T}, 3.54 (s, 6111,
341 (m, 8D, 155 (m, 4H), 1.15 {8, J = 7.2 Ha,
GH).

Example 66

Scheme 6

‘\I‘\ mz: 588 {‘VI + lj *l\\AR 400 \/iHL( """

840(:\@ 1H3, 7, ‘)S\d e S4Hr ’P-: 7’8("’1 g
= 8.8 Hz, 2H), 6.54 (d,J = 2.0 He, 2H), 6.44
{m, 113}, 6.40 (dd, J = 16.8, 10.0 He, [ H), 0.21
{dd, J=16.8, 2.0 Hz, 1H), 5.72 (dd, ./ = 10.0,
20 Hz, 1H), 512 (s, 2H), 4.67 (s, 21, 3.72 (5,
), 3.24 (m, 4H), 3.06 (m, 4H), 1.65-1.32 (m,
4H), 1,14 (t, ./ = 7.2 Hz, 6H).

-P-O\
o

Example 67

Schews &

M8 m/e: 596 E\f + 11, "H NMR 400 MHz (TFA
salt, DMSO-4, uu, S 13 (5, 1), .08 (s, !H)

K02 (s, 1M}, 7.63(d, J=8.4 H} T, 757 (4, 7
= 8.8 Hz, -L) 74”(d J=8.0 He, 1H), 7.26 (4,

=0

§ He, 2H), 6.40 (84, ./ = 168, \)’Hzl}{\
6’1{(1& J=16.8,2.0Hz, 1H), 572 (ad, J =
10.0, 2.0 Hz, 1H, 5.1 (5, 2H), 4.55 (s, 2H),
323 (m, 2H) 50-6 {m, 45}, 79'3‘ {m, ZH), 1.66-
134 (m, 4}1: 1.14 (t, J = 7.2 Hz, 6H).

Example 68

Schews &

MS nvz: 606 [M - 11, 'H NMR 600 Mz (15
sait, DMSO-ds) 8 9.92 (s, 1]}, 9.12 (s, 1H),
801 (s, 11D, 7.84 (nu, 1), 7.21 (/= 8.4 Hz,
2, 745 ("’a =84z, 2H), 657 (m, 11D,
6.55 (s, 21Ty, 6.43 (s, 110}, 6.23 (dd, J = 16.8,
2.0 Hz, 1H), 5.75 (dd, J = 10.2, 2.0 He, 75,
5.12 (s, 21T, 4.68 (b 21*\ 3.73 (s, 61), 3.24 (m,
41D, 3.06 (m, 45, 1.65-1.32 {m, 410), .14 (4, J
=72z, 610,
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[M T 1}, H NME 600 Miiz
x;oocm IHD, 9,08 (5, 1H), 8.05
3(d,J = 8.4 Hz, 21}, 7.324d, 7 =
AT, 721 (6,7 = 7.8 Uz, 2, 6.74 (d,

= 8.4 Hz, 2H), 6.52(s, 2H), 6.37 (5, 11}, 6.34
| /& (dd. J=16.8, 9.6 Hz, 11), 6.16 (&, ./ = 16.8 Hz,
L PN 1H), 5.65 (d, J = 10.2, 1H), 5.09 (s, 251, 4.67
Example 69 HE\‘ N™ N 70 (s, 1), 2.6 {s, 6H), 3.02 (m, 4H), 2.54 (m,
N N AF), 1, 3H).
Scheme 6 /j E O
S P E\‘/J\\,«y"
N H
(]
o NS muz: 674 [ M+ 1], 1 NMR 600 MIlz (1PA
. sait, DMSQ-de} 6 9.89 (s, 1), 7.9% (s, 16),
G N 787 (m, 1H, 723 (m, 1), 701 (m, 26D, 6.99
| P (s, 1ED, 6.57 (dd, J = 16.8, 10.2 Hz, 1H}, 6.25
NN o md J= 16.8,2.4 Hz, H), 5.74 (dd, .7 = 102,
- ! ! 1.8 Hz, 1D, 5.09 (s, 2HD, 4.49 (s, 2H), 3.95 (s
Example 70 ~ : )
rampie ENCA N NS ST1), 3,16 (m, 411}, 2.80-2.40 {m, 615), 1.58-1.30
. i {m, 411}, 0.98 (m, 6H).
Scheme 6 \/:\\T\ o
EI - /[L\f
\\[/ N
N o
( e
o MS w/z: 644 [M + 1}, ‘"B NMR 600 MHz (1FA
N sait, DMSO-dg) 8 12.40 (s, 1H), 10 0“ (s. 1),
ISENPPEN 8.92 (br, U}, 823 {br, 1ED), 7.56 {d,.7 = 8.4 Hz,
| 200, 7.50 (m, 1H, 7.17 (m, 21D, 6.85 (s, i,
N/%F\ HNT N e 6.36.(dd, J = 16.8, 9.6 H, 11D, 6.17 (dd, J =
Framule 71 P 16.8, 1.2 Hz, 1), 5.92 {m, 1H), 5.68 (dd, J =
PRy LN NN g © 10.2, 1.2 Hz, 15}, 4.97 (or, 25, 3,82 (s, 611},
p 226 (m, WD, 3.01 (m, 45, 2.94 (m, 21, 1.51
Scheme 1 \T X o {(ny, 2H), 1.42 (m, 25, 1.09 (4, J = 7.2 He, 65
: P /LL\,;;’/
¥
1/N\//
~0 ME e 644 M1 1] T NMR 600 MLz {10A
sait, DMSCdg) & 11.96 (br, 13D, 10.13 (s, 15D,
Ui o7 9.0 (br, 1), 8.28 (br, 1H), 7.60 {d, J = 8.4 Hz,
t A, 727 (d J = 8.4 Ha, 25, 6.87 (s, 1), 6.41
NPNN G HNT S rdd J =168, 102 He, 11, 6.22 (44, J = 16.,
" | » 1H), 5.73 (dd, /= 10.2, 1.8 Hz, 1H),
c 2
Example 72 HN"’l\\VJ\N/l‘\\‘Q i 449@;1, 2E), 3.91 (s, 65D, 3.86 (m, 2H), 3.05
) ' (e, 6D, 161 (m, 41D, 1.14 (5, ./ = 7.2 Hz, 6.
Scheme 1 -~ L\
P \
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Example 73

MS vz 458 {M + 1},

Fxample 74

MS w/z: 520 M + 1],

Example 75

Example 76

104fdd Jfl
1H), (\4*("’1«1 I= -0’

636 (d, T= 3.0 Hz, 1H), 6.27 (d 1 J=18Hz1

=15 Hz, iH), 5.94 (br,
Hz, =84 Hz, [HY, S '.
358 (m, 2H), 317 (m, 2

H NMR 600 MHz (TFA
. 9.78 (b, 1H),
(s, 1H), 7.43 {1,
7.24 (m, 24,

i I) 6.990 (br,
6.8 Hz, 1),

H/ii

lh) 577(dd,1=1.8
2 {s, 2[1) 379 (s, 3H),
H3, 2.83 {m, 9H).

Example 77

1
N O

MS m/es 470 {M + 1],

TH NMR 600 MHz (TF

saft, DMSO-dg) 8 1034 (s, 1

1, 9.4 (s, 1H),

8.33(d, I= 5.4 Hz, 1H), 7.78 (s, 1H), 7.70 (5,
&-1 752 (s, 1H), 7.42 (m, 2H), 7.30 {m, 3H),
2H), 7.10 (m, H), 7.02 (s, 1H), 6.47
I), A43{A4d, =102 Hz, J= 16.8 Hz, 1H),
=18 Hz, J=15 He, 1H), 577 (J(. J
Hez, ¥ =9 Hz, 1H), 5.21 (5, 2;1} 350 (s

o~
s

a2
[N
—

N
b2

o O
—
o
(’LA
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Example 78

MS wyv/z: 540 [M + 1}, "H NMR 600 MHz (TFA
L DMSO-dg) 51037 (s, 1H), 9.54 (5. 1H),
.34 (d, § = 6.0 Hz, 1H), 7.83 (s, UT), 7.67 (5,
TH), 7.51 (s, U), 7.40 (m, 2H), 7.30 (m, 30),
722 (m, 28T, 712 (m, 1), 7.08 (s, 111, 6.60
(s, 111}, 6.44 (dd, T = 9.6 iz, ] = 17.4 Tz, 15},
6.27{dd, } =12 Hz, } =168 Hz, 1H), 5.78(dd,
F= 1.8 He, 5= 102 He, 1HD, 5.21 {8, 24, 3.92
{m, 3.83 {m, 1H), 3.45 (m, 2H), 1.79 (m,
2HD, 1.59 (m, 2H},

Example 7%

MS mv/z: 569 [M + 1

Example 8¢

MS m/e: 584 {M + 1}

Example 81

MS vz 598 (M + 1},

Example 82

MS pyz: 646 M+ 11,
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MS vz 660 1M + 1},

Example 83
AN @)ﬁrCN
\PE\E/ /i
e l MS m/z: 585 [M + 1]
N o
|
P
HN/L\N NAO
0.4 |
Example 84 - \'/;W\ G
Y ﬁ\v
5 H
- N ~ CN
N

Examyple 85

MS iz 599 M 1 1),

Example 86

MS m/es 647 M + 1}
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MS vz 661 M + 1},

HNT N i
/O\rff ! 2 !
Example §7 i
ﬁ/ D NH
AN O)\HJ/CN
. |
E
Fh S iz 519 (M -1,
N!’Q“\N H
- o
HI rlxs)“
Example 88 2
xample \\\?/ N/U\\////
! H
N
L
Z MS vz 573 [M + 1],
i B
}-T;TVAN’&O
G
Example 8% d > I L\(\>
W SN
%f
No. e
N“/
|
s e S MS m/z 587 [M + 1],
ST
NN
HN)\\/ N/\O
/O\f/ '
Example 5¢ i\ l \'N/
N o
S

PCT/US2014/046022
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MS mv/z: 574 M + 1.
N/Q\\\" O“ y
G
Example 91 - %J\i\ #’5
} (o

2y N
)J/
No_ 4
E\i\i/
Ny O Ny, MS m/z: 588 M.+ 1],
HNT NT N7 o
O | k(/\

o
Example 92 S L N/

Example 93: Biological Activity

Generation of Ba/F3 cells

The specific ¢cDNAs encoding the oncogenic alterations (EGFR: Del 19, L85&R,
L7183, L8344V, Bel/T790M, LESER/TT790M, Del 19/L718Q, Del 19/1844V, Del
I9/TTOOM/LT7 180 and LESRR/T7HOM/L7I8Q; FGFR: TEL-FOFRY, TEL-FGFR2, TEL-
FGFRT VS61M, TEL-FGFR2 V361M; ALK: EML4-ALK; ROST: CD74-ROST) were cloned
into the pDNA-Dual (BD Bicsciences) vector using standard molecolar biology techniques.
Mutations were introduced using site-directed murtagenesis (Agilent) with murtant specific
primers according to the manufacturer’s instructions.  All constructs were confirmed by
DNA sequencing.  The constructs were introduced into Ba/F3 cells using retroviral infection.
Polyclonal cell lines were established by puromycin selection and subsequently culivred in
the absence of interlenkin-3 (iL-3).  Uninfected Ba/F3 celis or col lines expressing green
fluorescent protein {GFP) were used as controls.

Evaloation of drug efficacy

Growth and inhibition of growth was assessed by MTS assay. This agsay, 2
colorimetric method for determining the number of viable cells, is based on the bloreduction
of 3-(4,5-dimethylthiazol-2-yD)-5-(3-carboxymethoxyphenyh-2-(4-sulfopheny!)-2H-

tetrazolivm (MTS) by cells to 8 formaran product that is soluble in cell culture medium, can
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be detected spectrophotometrically and was performed according to the manufacturer’s
recommended conditions.  Ba/F3 cells were exposed to treatment for 72 hours and the
number of cells used per experiment determained crapirically to assure linear growth kinetics
over that time period. All experimental points were set up 1n six to twelve wells and all
experiments were repeated at least three times. The data was graphically displayved using
GraphPad Prism version 5.6 for Windows, {GraphPad Software; bttp// www.graphpad.com).
The curves were fitted using a non-lincar regression model with a sigmoidal dose response.
The results are shown i the Tables below.

BTK kinasc assay

BTK kinasc assay was conducted using LanthaScreen® Kinase assay.

1. Optimization of kinase concentration required to determine ATP Km,app. The assay
was first performed at a bigh concentration of ATP (1 mM) against a dikution series of kinase
in order to determing the amount of kinase required to clicit an approximately 80% change
between the wininum and maximum TR-FRET emission ratios (the EC&0 value).

2. Determination of ATP Km,app.  Using the concentration of enzyme determined in
step 1, the assay was then performed against a dilution serigs of ATP in order to determine the
amount of ATP required to clicit a 50% change between the minimum and maxivwm TR-

r

FRET enyssion ratios {the EC30 value). This concentration of ATP was referred to as the
“apparent” Km value for ATP, or the ATP Kam,app.

3. Optimization of kinase concentration required for assay at ATP Kmyapp. Using
the ATP Kouapp concentration of ATP determined i step 2, the kinase titration was repeated
in order to determine the concentration of kinase required to elicit an approximately 80%
change between the minimam and maximum TR-FRET emission ratios at the ATP Km,app
concentration of ATP (the EC80 value). This was the concentration of kinase that will be used
m an assay to determine an 1CS0 value for a compound of the invention.

Using the ATP and kinase concentrations determined above, the reaction was then
performed in the presence of a dilution series of various compounds of the invention, and the
amount of compounds required to clicit a 50% change in TR-FRET matio (the 1C50) was
determined. The experiments can be performed over two days, with steps one and two being
performed on the first day, and step three and the inhibitor IC50 determination(s) being
performed on the second day.

Tablc A.
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Microsome EGFR Ba/F3 NT%
. \ Not
Stability celis o
tested
Mouse FC 50 (nM) IO 50 (uM)
min AS._S &y Ag; il Assay 1 Assay 1 AS,_S &y Assay 1 Assay 1|Assay 2| Assay |
CMPD) wild T
. , , o ocon | ERSSR/ILTIBQ/LTISQM . .
- - N Y 7 AN ) + II /1 i By . '_,‘ N o - o / ,J/ ,17i )
i Screen V?;? Del [Del/T790MIDl/T/L718QILESSR. T790M | L.858R | L8IER TA/LTE8G
1A 47%
14 i1 164 1633 1904 | inhibition | 156 | 3.1 | 4983 |14931] 178
1.0uM
WAL 15s 281 | 464 | 2ome | UEBBEHORSY o b el 4 | 204 270
1.0uM
T4A 2 S161 2777 NT G572 215 | 243 750
I5A 2 919 8417 NT 72 376 | 2150 3060
17A 3 63.94] 6815 NT 762 L 275 | 1960 2503
20A 2 2581 2112 NT 0594 9914 | 236 917
MAL g4 4 1101|1969 604 051 | 20 312
35A 18 7 1231 ¢ 1585 NT 05 | 24 | WT 637
TEA 8 11986]23.94] 6824 NT 266 141821 NT | WT 3242
Table B.
Microsomel EGEFR NT=Not
Stability Ba/F3 cells tested
Mouse IC 30 (oM 1C 50 (nb)
min Assay 1{Assay 1] Assay 1] Assayl |Assayl|Assayl{AssayljAssay2|{ Assayl
CMPD Wild i T ’
: ‘ Diel/ e o | LE3BR/ LTS I LTISOY L
Sereen)  ivp 2 , 1/ T/L7 RE8R 1. . < o /LT
# Sereen ;g Del | pggpg [PVTATIBQELESSE | ooonn | sk | Lgaar [L/H/LT18Q
LA 185 281 | 464 | 2086 [ (mM 152 | 1478 1 146 704 276
A 29 7 1 292 {1421 173 NT 0.5 76 293

Table C: ICs (nM) of representative compounds of the invention in inhibiting BTK

CMPD #

BTK
IC30 (nM)

25A 312
29A 9.4
103A 2240
104A > 106000.0




WO 2015/006492
GIA 513
84A 312
85A 574

Table D: Kinase inhibition (% control, 1000 nM compound)

PCT/US2014/046022

CMPD # BEK T TEC TXK
3A i9 100 553 7.4
4A 20 100 83 27

8OA i4 94 90 12
83A 0.4 66 5.7 38
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CLAIMS
1. A compound of formula I
X4 Xaa_ Xap
Zf’J\zz XM “

or a pharmaceutically acceptable salt thereof, wherein
Zyis Nor CRy;
Zyis Nor CRy;
Zais N or CRy, provided that whon Y is NRy, then two of 2, 7y or Zs are N;
Ry is H, C-Cs alkyl, halogen, or halo(C;-Cg alkyi);
Ry is H, €-Cs alkyl, halogen, or halo(C)-Cg alkyi);
X518 Qor NRyy;
Rig is fydrogen or C-Cs alkyl;
or when 7 15 CRz and X7 1s NRyg, Ry and Rye can be taken together to form a 6-membered
heterocyelic ring, wherein said heterocyclic ring 18 optionally substitated with one or more
Ros;
Ry is H, C-Cs alkyl, halogen, or halo(C;-Cg alkyi);
Y is NRy;
or {aken together Y-X,4 and Ry form vusubstituted or substituted Cs aryl or unsubstituted or
substituted 5- or G-membered heteroarvl, wherein said substituted arvl or heteroaryl is
substituted with one or more Rs;
Rsis Hor Ci-Cr alkyl;
cach R is independently halogen, ORs, NR;Rg, NRHC{OIRs, SR, C1-Cs altkyl, £-Cy
alkynyl optionally substituted with 5- or 6-membered heterocyclic, or halo{(C,-Cy alkyl);
each Ry is independently hydrogen or C-Cy alkyl;
cach R; and Ry is independently hydrogen, C-Cy alkyl, or unsobstituted or substituied 5-
or 6-membered heterocyclic, wherein said substituted heterocyelic is substitutod with one or
more Rig
cach Ro is independently hydrogen or C-Cy alkyk;
Xy 18 H, C;-Cy alkyl, or halogen;

cach X, and X, are independently hydrogen, Ci-Cy alkyl, or absent (when nis 0);
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G is C-Cy alkyl, unsubstituted or substituted Cg-Cip aryl, unsebstituted or substituted 5- or 6~
membered heteroaryl, unsubstituted or substituted 3- o §-membered cycloalkyl, or
unsubstituted or substituted 3- to 8-membered heterocyclic, wherein said substituted arvl,
heteroaryl, cycloalkyl, or heterocyclic is substituted with one or more Riy;

cach Ry is independently halogen, ORyy, NRaRys, SRus, C-Cs alkyl, or halo(Cr-Cy
abioyl);

cach Rz 1s independently hydrogen or C-Cg alkyl;

gach Ry; and Ry, is independently hydrogen or Ci-Cy alkyl;

gach Rys is independently hydrogen or Ci-Cy alkyl;
nis?, 1,2,3, or4;
X4 is unsubstituted or substituted Cs-Cro arvl, unsubstituted or substituted 5- or 6-membered
heteroaryi, unsubstituted or substituted Ci-Cp alkyl, or unsubstituted or substituted (CHa)a-
Co-Croaryl,
wherein said substituted aryl, beteroaryl, or alkyl is substituted with one or more Rig;

gach Ryq 18 independently halogen, ORy7, NRsRyo, SRag, unsubstituted or substituted C-
Cg alkyl, halo{C,-Cy allkeyl), CT{OWC-Cy alkyh, C(OYhalo(C,-Cy alkyl)), CONC-Cy
alkenyl), unsubstituted or substituted beterocyclic, or C{O-unsubstituted or substituted
heterocyclic, wherein said substituted alkyl or heterocyclhic 1s substituted with one or more
Ror;

cach Ry7 1s independently hydrogen or C-Cy alkyl;

gach Rygand Ryp 15 mdependently hvdrogen, Ci-Cq alkyl, C{OYC1-Cg alkyl)y, COYT-Ce
atkenyvly, or C(O)-unsubstituted or substituied heterocycelic, wherein said alkyl or alkenyl is
optionally substitited with one or more OH, CN, halogen, Cs-Cs eyeloalkyl, O(C-Cy alkyl),
NH,, NH(C,-Cy alkyl), or N{C-Cy alkyl), and wherein said substituted heterocyelic is
substituted with one or more Ray;

cach Ryo 15 independently hydrogen or C)-Cg alkyl;

cach Ry 18 Cy-Cy alkyl, CIONC,-Cy alky D), COYCr-Cs alkenyl), or heterocyelic;
X 15 unsubstituted or substituted Cs-Chg aryl, unsubstituted or substituted 5- to 8-membered
heteroaryl, or unsubstituted or substituied C;-Cy alkyl, wherein said substitoted aryl,
heteroaryl, or alkyl is substituted with one or more Ryl

cach Ry, is independently halogen, ORaps, NRuRys, SR, C1-Cr alkyl, halo{C;-C; alkyl),
COXC-Cy alkyl), C{ONC-Cq alkenyl), unsubstitited or substituted heterocyelic,
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unsubstituted or substituted Cs-Cip aryl, or C(O)-unsubstitated or substituted helerocyclic,
wherein said substituted heterocychic or aryl is substituted with one or more Ryy;
or two or more Ry, together with the atoms to which they attach, form an unsubstituted or
substituted 3- to 8-membered cycloalkyl, or unsubstituted or substituted 5- to 6-membered
5 heterocyclic, wherein said cycloalkyl or heteroeyclic is substituted with one or more Roy;
cach Rzs is independently hydrogen or C1-Cg alkyl;
cach Rz and Rys is independently hydrogen, Ci-Cy alkyl, C{OYC1-Cy alkyl), or CIOXCs-
Cy allenyl), wherein said alkyl or alkenyl is optionally substituted with one or more OH, ON,
halogen, Cs5-Cs cycloalkyl, O(C;-Cy alky D), NH,, NH{C,-Cy alkyD), or N{C,-Cy alkyl)y;
10 cach Ryg 1 independently hydrogen or C-Cy alkyl;
gach Ry7 is halogen, Ci-Cy alkyl, C{OWC-CealkyD), CIOWC-Cs alkenyl), NRooC{ONCy-
Cyalkyly, or NRpC{OXCyr-Cy alkenyl):
cach Ryg is halogen, C1-Cyg alkeyl, or halo{Ci-Cy alkyl);

or taken together two Rog and the carbon to which they are attached form C=0; and

[y
(92

gach Rog 18 hydrogen or C-Cy alkyl.

2. The compound of claim 1, selected from formulae Ha, Ub, U1, and IV:
Xy Hea Xa X, K, Xg
NJ\;\E XM @ N < Ta
S o
X4 s (I12), X4 Xs (iTb),

2 n N }
NN E55¥N "
R
}x Xs N ﬁ*%
(Rs)s (M), and 4 s (IV),

20 or apharmaceutically acceptable salt thereof, whereinsis 1,2, 3, ord and tis 0, L, o1 2.

3. The compound of clatm 1, selected from formulae Va and Vb:
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.
N/EN Xz r-.Q :\ii\/l X2 an
S
E—if}!)\\/ki}\i O HN™ N TN O
X Xs (Va), 4 Xs (Vb),

or a pharmaceutically acceptable salt thereof.

4, The compound of claim 1, selected from formulae Via and Vib:
Xaa
NN xf T4 N//L\ XPL o
)\/Ij\ “ 2 i
HN TSN iy S S0
Rk | " < "
18}y (Rish T
5 L*\\‘/ {Via}, o (Vib},
ot a pharmaceutically acceptable salt thereof, whereinu s 0, 1,2, 3, 4, or 5.
5. The compound of claim 1, selected from formulae Vila and Vilh:
€Y n
X‘ 3? >Z;:b Xaa X'&b
NFON x O )j\
i n
HN/J\\\\/)\?E\’/&\O /\ /&
R‘]‘,’O “ XS R170v/\\ J
O \\\_/
R (Viia), Ris (VITb),
10 or a pharmaceutically acceptable salt thereof.
6. The compound of claim 1, selected from formulae Viila and Villb:
X4 Ksa, Xap X, Kaa Mgy
| [ 5 -
N{;\;N xC 7 Q sz«\F X/PLKQ
| \.
HN/A\\\ f}éfk\\\O HNT
\Q\ , N g . N
Ris (Viifa), Rig (VIlh),

or a pharmaceutically acceptable salt thereot.
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7. The compound of claim 1, selected from formulae IXa and IXb:

)& st‘a X3b

,i\. /PL}\ Xy Kaa Xab
.

HN Vo HNT N '? o

Xy (IXa), X {IXb),

or a pharmaceutically acceptable salt thereof.

5 8 The compound of elaim |, selected from formulae Xa and Xb:
Xy X3a Xzb Xa ,
S AT T
J«\\)\Nz& I Ay
= | Xs = l
NG W,
(Razkw  (xa), (Razhw (Xb),
or a pharmaceutically acceptable salt thereof, whercinwis 0, 1, or 2.
g. The compound of clatm 1, selected from formulae Xla and Xib:
Xq
S~
e Nﬁ o
.
Hf\i\f/l\/kN 0O HNAN N/‘L\\\- 0
!
X4 X4 P |
10 Rz (X1a), Ra  (x1m),
or a pharmaceutically acceptable salt thereot.
10, The compound of any ong of claims 1-9, wherein X is hydrogen or halogen.
15 1L The compound of claim 10, wherein X 1¢ hydrogen.
12. The compound of claim 16, wherein X, is halogen.
13. The compound of claim 12, wherein X is chlorine.
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14, The compound of any ong of claims 1-13, wherein nis 0, 1, or 2.

i5. The compound of claim 14, whereinnis O or 1.

16. The compound of claim 15, wherein n is O,

17. The compound of claim 15, whereinnis 1,

i8. The compound of any one of claims 1-15 and 17, wherein X3, and X5, are cach

hydrogen or one of X3, or X 15 methyl and the remaining X3, o1 X34 18 hydrogen.

19, The compound of claim 18, wherein X5, and X, are cach hydrogen.

20. The compound of claim 18, wherein one of X5, or Xy, is methyl and the remaining

X35 0 Xxp is hydrogen.

2%, The compound of claim 20, wherein the configuration of the carbon atom to which

Xaq and Xy, are attached is the S-configuration.

22 The compound of any one of claims 1-21, wherein Q 1s unsubstituted or substituted

pheny! or unsubstituted or substituted 5- or 6-membered hetercaryl.

23. The compound of clatm 22, wherein (O is unsubstituted pheny! or unsubstituted 5- or

6-membered heteroaryl.

24. The compound of claim 23, wherein (@ is unsubstituted phenyl.

28. The compound of claim 22 or 23, wherein the heteroaryl is pyridyl or thienyl.

26 The compound of claim 22 or 25, wherein ( is substituted with one, two, three or
four R] 1.
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27. The compound of claim 26, wherein sach Ry is independently methyl, ethyl, propyd,

isopropyl, chloro, fluoro, methoxy, ¢thoxy, propoxy, or ISopropoxy.

28. The compound of clatm 27, wherein each Ry 1s independently methyl, chloro, or

5  methoxy.

29, The compound of any one of claims 1-3 and 7-28, whercin X4 is substituted phenyl

or methyl.

¢ 30 The compound of claim 29, wherein X, is pheonyl substituted with one or two Rye.
3. The compound of claim 34, wherein at least one Ry is OCHa,
32. The coropound of claim 29, wherein X4 15 methyl.

15
33. The compound of any one of claims 1-6 and 16-28, wherein X5 is substituied phenoyt

or methyl.

34. The compound of claim 33, wherein X5 1s methyl.
35. The compound of claim 33, wherein X is phenyl substituted with one Ry,
36. The compound of claim 35, wherein Ry 15 NRpaRys.
25 37, The compound of claim 36, wherein one of Rog or Rys 18 CIONCr-Cs atkenyl) and the
remaining Ryq or Ros 1s hvdrogen.
38, The compound of claim 4, whereinuis | or 2
30 39 The compound of claim 38, wherein at least one Ryq is OCH..
49, The compound of any one of claims 1-28, wherein Ry; is methyl

121



10

[y
(92

WO 2015/006492 PCT/US2014/046022

4%, The compound of claim 40, wherein R4 is sabstituted heterocyclic or NRysRys.
42. The compound of clatm 41, wherein Ri6 15 methylpiperazine.
43. The compound of claim 41, wherein Rig 18 NHC{OYCo-Cy alkenyl) optionally

substituted with NHa, NH(C-Cy alkyly, or N{C;-Ca alkyl.

44, The compound of any ong of claims 1-6 and 8-2§, wherein Ry 18 NRyyRos.

45, The compound of claim 44, wherein one of Rys and Rys is C{OYCyp-Cy alkenyl!) and

the remaining R and Rps 15 hydrogen,

46. A compound selected from Table 1.
47. A pharmaceutical composition comprising a compound of any one of claims 1-46 or

a pharmaceutically acceptable salt thereof and a pharmaceutical carrier, diloent, or excipient.

48, A method of inhibiting a kinase in a subject, comprising administering to the subject
i need thereof a compound of any one of claims 1-46 or a pharmaceutically acceptable salt

thereof.

49. A method of inhibiting epidermal growth factor receptor (EGFR) in a subject,
comprising administering to the subject a compound of any one of claims 1-46 or a

pharmaceutically acceptable salt thereof,

50, The method of claim 49, wherein the EGFR 1s Her-Kinase.
51 A method of inhibiting fibroblast growth factor receptor (FGFR) in a subject,

comprising administering to the subject a compound of any one of claims 1-46 or a

pharmaceutically acceptable salt thereof
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52 A method of inhibiting fibroblast growth factor receptor (FGFR) and epidermal
growth factor receptor (EGFR) in a subject, comprising administering fo the subject a

compound of any one of claims 1-46 or a pharmaceutically acceptable salt thercof.
53. A method of treating and/or preventing a disease n a subject comprising
administering to the subject in need thercof a compound of any one of claims 1-46 or a

pharmaceuntically acceptable sali thercof

54, The method of claim 53, wherein the discase is mediated by a kinase,

=
e

The method of claim 53, wherein the disease 1s mediated by EGFR and/or FGFR.

56, The method of claim 53, wherein the discase is cancer or a proliferation disease.
57. The method of claim 56, wherein the disease is lung cancer, colon cancer, breast

cancer, prostate cancer, Hver cancer, pancreas cancer, Drain cancer, kidney cancer, ovarian
cancer, stomach cancer, skin cancer, bone cancer, gastric cancer, breast cancer, pancreatic
cancer, ghoma, glioblastoma, hepatocetiular carcinoma, papillary renal carcinoma, head and

neck squamous cell carcinoma, loukemias, lymphomas, myelomas, or solid tumors.

58. The method of claim 57, wherein the discase is hung cancer.

59. The method of claim 38, wherein the lung cancer is non-small coll lung cancer
(NSCLC).

6. The method of claim 53, whercin the disease 18 inflammation, arthritis, rtheumatoid

arthritis, spondyloarthropathics, gouty arthritis, osteoarthritis, juvenile arthritis, and other
arthritic conditions, systemic lupus eryvthematosus (SLE), skin-related conditions, psoriasis,
eczema, burns, dermatitis, nevrginflammation, allergy, pain, nevropathic pain, fover,
pulmonary disorders, lung inflammation, adult respiratory distress syndrome, puelmonary
sarcoidosis, asthma, silicosis, chronic pulmonary inflammatory disease, and chronic
obstructive pulmonary disease (COPD), cardiovascular disease, arteriosclerosis, myocardial

mfarction (inchiding post-myocardial infarction indications), thrombosis, congestive heart
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faihure, cardiac reperfusion injory, as well as complications associated with hypertension
and/or heart failure such as vascular organ damage, restenosis, cardiomyopathy, stroke
including ischemic and hemorrhagic stroke, reperfusion injury, renal reperfusion injury,
ischemia inchiding stroke and brain ischenua, and ischenua resulting from cardiac/coronary
bypass, neurodegenerative disorders, liver discase and nephritis, gastrointestinal conditions,
inflamimatory bowel discase, Crohn's disease, gastritis, irritable bowel syndrome, ulcerative
colitis, ulccrative diseases, gastric ulcers, viral and bacterial infections, sepsis, septic shock,
gram negative sepsis, malaria, meningitis, HIV mfection, opportanistic infections, cachexia
secondary to infection or malignancy, cachexia secondary to acquired immune deficiency
syndrome (ATDS), ATDS, ARC (AIDS related comaplex), prnoumonia, herpes virus, mysaigias
due to infection, influenza, avtotmmune disease, graft vs. host reaction and allogratt
rejections, treatment of bone resorption diseases, osteoporosis, multiple sclerosis, cancer,
leukemia, lymphoma, colorectal cancer, brain cancer, bone cancer, epithelial call-derived
neoplasia {epithelial carcinoma), basal cell carcinoma, adenocarcinona, gastrointestinal
cancer, lip cancer, mouth cancer, esophageal cancer, small bowel cancer, stomach cancer,
codon cancer, liver cancer, bladder cancer, pancreas cancer, ovarian cancer, cervical cancer,
hung cancer, breast cancer, skin cancer, squamous cell and/or basal cell cancers, prostate
cancer, renal cell carcinoma, and other known cancers that affect epithelial cells throughout
the body, chronic myelogenous leukemia (CML), acute myeloid leukemia (AML) and acute
promyelocyte leukeniia (APL), angiogenesis including neoplasia, metastasis, contral nervous
system disorders, central nervous system disorders having an inflammatory or apoptotic
component, Alzhetmer's disease, Parkinson's disease, Huntington's disease, amyotrophic

lateral sclerosis, spinal cord injury, and peripheral neuropathy, or B-Ccll Lymphoma.

61. The method of claim 53, whercin the disease 1s intlammation, arthrins, rheymatoid
arthritis, spondy loarthropathies, gouty arthritis, osteoarthritis, juvenile arthritis, and other
arthritic conditions, systemic lapus erythematosus {SLE), skin-related conditions, psoriasis,
cczema, dermatitis, pain, pulmonary disorders, lung fnflammation, adult vespivatory distress
syndrome, pulmonary sarcoidosis, asthma, chronic pulmonary inflammatory discase, and
chronic ohstructive pulmonary disease (COPD), cardiovascular discase, arteriosclerosis,
myocardial infarction (including post-myocardial fnfarction indications), congestive heart
failure, cardiac reperfusion injury, inflammatory bowel disease, Crohn's discase, gastritis,

irritable bowel syndrome, leukemia or lymphoma.

124



WO 2015/006492 PCT/US2014/046022

62. A method of treating a kinase mediated disorder in a subject comprising
administering to the subject in need thereof a compound of any one of claims 1-46 ora

pharmaceutically acceptable salt thereof.

63, The method of claim 62, wherein the compound covalently modifics one or more of

ALK, ROST, EGFR, and FGFR tyrosine kinases.

64. The method of claim 62, wherein the subject is administered an additional

10 therapeutic agent.

65. The method of claim 64, wherein the compound and the additional therapeutic agent

are administered simoltancously or sequentially,

[y
(92

66. A method of treating a discase in a subject, wherein the discase is resistant {0 an
EGFR targeted therapy, comprising administering to the subject in need thereof a compound

of any one of claims 1-46 or a pharmaceutically acceptable salt thereof,

67. The method of claim 66, wherein the EGFR targeted therapy comprises treatment
20 with gefitinib, erlotinib, lapatinib, XL-647, HKI-272, BIBW2992, AV-412, CI-1033,

PFOO299804, BMS 690514, cetuximab, paniumumab, or matuzumab,

68, The method of claim 66, wherein the discase comprises an EGFR mutation.

25 69, The method of ¢laim 68, wherein the EGFR mutation is an EGFR T790M, TR54A,
D761 Y or L7180 resistance muliation.
70. The method of claim 69, wherein EGFR L7180 15 a resistance mutation to the

compound WZ4002.

71. The mocthod of claim 6% or 70, wherein the L718Q resistance nntation s present

with the activating nutation alone or with an activating mutation and the T790M mutation.
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72 The method of claim 71, wherein the L7180 resistance mutation is present with the

activating mutation LE58R alone.

73. The method of clatm 71, wherein the L718( resistance mustation is present with the

activating mutation LESER and the TM790 mutation.

74. The method of claim 66, wherein the disease is cancer.

78. The method of claim 74, wherein the discase is lung cancer, colon cancer, breast
cancer, prostate cancer, Hver cancer, pancreas cancer, brain cancer, kidney cancer, ovarian
caneer, stomach cancer, skin cancer, bone cancer, gastric cancer, breast cancer, pancreatic
cancer, ghioma, glioblastoma, hepatocetiular carcinoma, papillary renal carcinoma, head and

neck squamous cell carcinoma, loukemias, Iymphomas, myelomas, or solid tumors.

76. The method of claim 75, wherein the discase is hung cancer.
77. The mcthod of claim 76, wherein the lung cancer is non-small cell lung cancer

(NSCLC).

78. A method of treating cancer in a subject, wherein the cancer comprises EGFR
activated timors, comprising administering to the subject in need thereof a compound of any

one of claims 1-46 or a pharmaceutically acceptable salt thereof.

79, The method of claim 78, wherein the EGFR activation i1s selected from nwtation of
BEGFR, amplhification of EGFR, expression of EGFR, and ligand mediated activation of

EGFR.

R0, The method of claim 78, wherein the mutation of EGFR 15 located at G7198, GT18C,

GT719A, LESRR, LRG1Q, an exon 19 deletion mutation or an exon 20 insertion muotation.

81, The method of claim 78, wherein the disease is lung cancer, colon cancer, breast
cancer, prostate cancer, Hver cancer, pancreas cancer, brain cancer, kidney cancer, ovarian

cancer, stomach cancer, skin cancer, bone cancer, gastric cancer, breast cancer, pancreatic
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cancer, glioma, glioblastoma, hepatocellular carcinoma, papillary renal carcinoma, head and

neck squamous cell carcinoma, levkemias, lymphomas, myelomas, or solid tumors.

82. The method of claim 81, wherein the disease is lung cancer.

83. The method of claim 82, wherein the lung cancer is non-smafl cell lung cancer
(NSCLC).

84. A method of proventing resistance to gefitnib or erlotinib in a discasc in a subject,

comprising administering to a subject tu need thereof a compound of any one of claims 1-46

or a pharmaceutically acceptable salt thereof.

85. The method of claim 84, wherein the disease is lung cancer, colon cancer, breast
cancer, prostate cancer, Hver cancer, pancreas cancer, brain cancer, kidney cancer, ovarian
cancer, stomach cancer, skin cancer, bone cancer, gastric cancer, breast cancer, pangreatic
cancer, glioma, ghioblastoma, hepatocellular carcinoma, papillary renal carcinoma, head and

neck squamous cell carcinoma, levkemias, lymphomas, myelomas, or solid tumors.

86. The method of claim 85, wherein the disease s lung cancer.

87. The method of claim 86, wherein the lung cancer is non-small cell lung cancer
{NSCLC).

S8, The mocthod of any one of claims 48-87, wherein the subject is human.

&9. A method of synthesizing a compound of any one of claims 1-46 o1 a

pharmaceuntically acceptable sali thercof
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Figure 2B

150 - EGFR

125 - T
Assay 2
100

75

% Control

50

0 - PRI guienton  oofEERRcn  RRXRMRNGNN | RRXMIRNRN  RRRNRNRNR  RXMIMXREEN  oolonotio
N N
&S Vot @t o @
8w :\ \‘1:\ \‘3«% ;\‘L *\\J\ o WV
VN e Q} ot WO
\%\Q} B
Drug concentration (200 nM}
150 -
15( EGFR
195 - TILLT18Q

100

75

% Control

50

25

0
N \ NN N N\ NN N
\Q (:_3 (.3 & A W N 1 o %) N
4 & AV A g gl AV e
o ,\{ﬁ VN 0 O WV

: N
o AN ARCARCAR RIS
Drug concentration (200 nM)

SUBSTITUTE SHEET (RULE 26)



WO 2015/006492 PCT/US2014/046022
10133

Figure 2B (cont.)
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Figure 3A
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Figure 3A (cont)
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Figure 3B
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Figure 4B (cont.)
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Figure 4C (cont.)
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