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Abstract: The disclosure relates to compounds that act as an allosteric inhibitors of epidermal growth factor receptor (EGFR);

pharmaceutical compositions comprising the compounds; and methods of treating or preventing kinase-mediated disorders, including

O cancer and other proliferation diseases.
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ALLOSTERIC EGFR INHIBITORS AND METHODS OF USE THEREQOF

STATEMENT REGARDING
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with government support under Grant No. R0 CA201048
awarded by the National Institute of Health (NIH}. The government has certain rights in the

invention.

RELATED APPLICATIONS
This application claims priority to U.S. Provisional Application Nos. 82/864,914, filed
on June 21, 2019, 82/877,093, filed on July 22, 2019, and 63/027,734, filed on May 20,

2020, the contents of which are hereby incorporated by reference in their entirety.

BACKGROUND

The epidermal growth factor receptor (EGFR, Erb-B1) belongs to a family of receptor
tyrosine kinases that mediate the proliferation, differentiation, and survival of normal and
malignant cells (Arteaga, C. L., J. Clin. Onecol. 19, 2001, 32-40). Deregulation of EGFR has
been implicated in many types of human cancer, with overexprassion of the receptor present
in at least 70% of human cancers (Seymour, L. K, Curr. Drug Targets 2, 2001, 117-133),
inciuding non-small lung celi carcinomas, breast cancers, gliomas, squamous cell
carcinomas of the head and neck, and prostate cancer (Raymond, E., et al., Drugs 80
{Suppl. 1), 2000, 15-23, discussion 41-2; Salomon, D. &, et al., Crt. Rev. Oncol. Hematol.
19, 1995, 183-232; Voldborg B. R., et al., Ann. Oncal. 8, 1997, 1197-1206). EGFR has,
therefore, emerged as an atlractive targst for the design and development of diagnostic and
therapeutic agents that can specifically bind and inhibit the receptor’s tyrosine kinase achivity
and signal fransduction pathway in cancer cells. For example, the EGFR tyrosine kinase
(EGFR-TK) reversible inhibitor TARCEVA® is approved by the FDA for treatment of NSCLC
and advanced pancreatic cancer. Other anti-EGFR targeted molecules have also been
approved, including Lapatinib and IRESSAR.

Epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKls) are
effective clinical therapies for £GFR mutant advanced non-small cell lung cancer (NSCLC)
patients (Mok, T. S., et al., N. Engl. J. Med. 381, 2008, 947-57; Paez, J. 5., et al., Science
304, 2004, 1497-500; Lynch, T. J., et al., N. Engl. J. Med. 350, 2004, 2129-39; Rosell, R., et
gl., Lancet Oncol. 13, 2012, 238-48). Several randomized clinical trials have demonstrated
that EGFR Tkis are more effective, as measured by response rate (RR) and progression
free survival (PFS), than chemotherapy when usad as initial systemic treatment for
advanced EGFR mutant NESCLC (Mok, T. 5. et al., N. Engl. J. Med. 381, 2000, 847-57;
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Rosell, R., et al., Lancet Oncol. 13, 2012, 239-48; Sequest, L. V. et al., J. Clin. Oncol. 31,
2013, 3327-34; Wu, Y. L., et al., Lancet Oncol. 15, 2014, 213-22; Maemondo, M., etal, V.
Engi. J Med 382, 2010, 2380-8; Zhou, C., et al.,, Lancet Oncol. 12, 2011, 735-42;
Mitsudomi, 7., et al,, Lancef Oncol. 11, 2010, 121-8). However, the vast majority of patients
will develop disease progression following successful treatment with an EGFR TKI. The
most common mechanism of acquired resistance, detectad in 60% of patients, is a
secondary mutation in EGFR at position T780 (T780M) (Yu, H. A, et al., Clin. Cancer Res.
19, 2013, 2240-7). This mutation leads to an increase in ATP affinity, thus making it more
difficult for reversible EGFR TKls gefitinib and erlotinib to bind the EGFR TKI domain (Yun
C. H., etal, Proc. Nafl. Acad. Sci. USA 105, 2008, 2070-5).

Covalent EGFR inhibitors have emerged for inhibiting EGFR T790M-containing
cancers. However, in lung cancer patients, afatinib is only effective in EGFR TKI naive
EGFR mutant cancers and has a RR of less than 10% in patients with NSCLC that have
developed resistance to gefitinib or erlotinic (Miller, V. A et al., Lancet Oncol. 13, 2012,
528-38). Afatinib is a potent inhibitor of both mutant and wild type (WT) EGFR. inhibition of
WT EGFR leads to loxicities, including skin rash and diarrhea, which limits the ability to
escalate afatinib doses in patients to those necessary to inhibit EGFR T720M. Irreversible
pyrimidine EGFR inhibitors including the tool compound WZ4002 and clinical compounds
CO-1688 and AZDE291, overcome many of the limitations of afatinib (Zhou, W., et al,|
Nature 462, 2008, 1070-4; Walter, A. O., et al., Cancer Discov. 3, 2013, 1404-15; Cross, D.
A.E., etal, Cancer Discov. 4, 2014, 1048-61). They are not only more potent on EGFR
T790M, but also selectively inhibit mutant over WT EGFR and hence shouid iead io
increased clinical efficacy and less toxicity compared with afatinib (Zhou, W, et g, Waller A,
O, etal Cross, DA E, etal).

However, all current EGFR TKis target the ATP site, and while third generation
irreversible inhibitors can overcome T790M, they are all rendered impotent by the C797S
mutation, which is already arising in freated patients. Cetuximab, an anti-EGFR antibedy that
blocks receptor dimerization, is not effective in EGFR-mutant NSCLC because mutational
activation of the kinase is effectively “downstream” of receptor dimerization. Hence,
alternative strategies to inhibit EGFR are needad. At present, suitable compounds with
alternative mechanisms of action targeting mutant EGFR are not available. Thus, thereis a
need for potent small molecule EGFR inhibitors with alternative mechanisms of action

targeting mutant EGFR.

SUMMARY

Provided herein is a compound of Formula |
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or a pharmaceutically acceptable sait thereof,

wherein:

Ais a 8-10 membered aryl or a 5-10 membered heteroaryl;

W and W2 are each, independently, CH, CR®, ar N;

X and B are each, independently, N, CH, CF, or C-{C4-C5 alkyi);

Y and Z are each independently N, CH, or CR?

provided that at least ong of X Y, Z, or B is CH;

R' is phenv! or pyridinyl, wherein pheny! or pyridinyt is cplionally substituted one or
two times, independently, with R”;

R? is independently, at each occurrence, selected from the group consisting of halo,
8-10 membered aryl, 5-8 membered heteroaryl, 3-6 membered cycloalkyl, 3-8 membered
cycloalkeny!, 4-7 membered heterocycloalkyl, OR* NRAR4, S0O,R*, SONHRY, NHSO:R®,
C{OYOR4, C{OINHR4, C{OJR4, C1-Cs alkyl, C2-Cs alkenyl, and C2-Cs alkynyl, whersin 6-10
membered aryl, 5-10 membered heteroaryl, 4-7 membered heterocycloalkyl, and 3-8
membered cycloalkyl are optionally substituted with R®, and wherein C1-Cs alkyl, C2-Cs
atkenyl, or C»-Ce alkynvl are each optionally substituted one, two, or three times with R*;

R is selected from the group consisting of halo, -OH, -SH, -CN, -NQ», -NH,, OR*,
NRAR4 SOzR4, SONHR®, NHEOR4, C{OYORH, CIO)NHR?, C(O)R4, C+-Ce alkyl, Co-Cs
alkenyl, C2-Ce alkynvl, 8-10 membered aryl, 5-6 membered heteroaryl, 3-6 membered
cycloalkyi, 3-6 membered cycloalkenyl, and 4-7 membeared heterocycie, wherain 4-7
mernbered heterocycle is optionally substituted with C,-C4 alkyl, C4-Cs alkyl-OH, halo, and
=0

R4 is independently, at each occurrence, selected from the group consisting of
hydrogen, (CHa)e.s-(3-7 memberad cycloaikyl), (CHz)os-(4-7 membered cycloalkenyl), (CHz)o
5-(8-10 membered aryl), (CHz)o.3-(5- to 6-membered heteroaryl), or (CHz)os-(4-to 7-
membered heterocycloalkyl), wherein 6-10 membered aryl, 5- to 8-membered heteroaryl, or
4~ to 7-membered heterocycloalkyl are each optionally substituted one, two, or three times
with R3;

R® is independently, at each occurrence, selected from the group consisting of C4-Cs
atkyl, C-Ce haloalkyl, Ci-Csalkony, C1-Cs hailoalkoxy, halo, COOH, C{O)O(C-Ce alkyl),
O(CHz)1.aOH, NHy, OH, CN, (CHz)o-a(6-10 membered aryl), (CHz)o.4(5- to 6-membered

heteroaryl), and (CHa)os(4- to 7-membered heterocycloalkyl), wherein 6-10 membered aryl,
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5- to B-membered heteroaryi, and 4- to 7-membered heterocycloalkyl are optionally
substituted with one or more substituents independently selected from C4-Cs alkyl, C+-Cs
haloalkyl, C4-Cs alkoxy, Ci-Cs haloalkoxy, halo, NHa, NH{C4-Cs aliyl), N(C1~-Cs alkyi)z,
SQNH;, {CHa}.20H,
C{OHTH2)120H, and C{OYO(C4-Cs alkyl);

R? is independently, at each occurrence, C+-Cs alkyl or halo; and

R7 is independently, at each occurrence, C+-Cs; alkyl, C1-Cs haloalkyl, C1-Cs alkoxy,
C+-Cs haloalkoxy, halo, OH, SH, NOz, NHa, (CH231.40H, S(O)s.2H, S(O)o.zNHz, or CN.

in an embodiment, the compound of Formula | is selecited from the group consisting

of:
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NN

or a pharmaceutically acceptable salt thersof.

in another aspect, provided hergin are pharmacsutical compositions comprising any
of the compounds disclosed herein, or a pharmaceutically acceptable salt thereof, and at
least one pharmaceutically accepiable carrier.

in yet another aspect, provided herein is a8 method of inhibiting a kinase comprising
administering to a subject in nesd thereof an effective amount of a compound of Formula | or
& pharmaceutical composition comprising a compound of Formula | and a pharmacsutically
acceptable carrier. In one embodiment, the kinase 1o be inhibited is epidermal growth factor
receptor (EGFR). In a further embodiment, the EGFR to be inhibited contains one or more
rmutations. In yel a further embodiment, the EGFR {o be inhibited contains one or more
mutations selected from the group consisting of T790M, L718Q), L844V, V48R, L858R,
1941R, C7978, and Del. In another embaodiment, the compound of Formula | exhibits at lsast
5-fold greater inhibition of EGFR containing one or more mutations relative to wild-type
EGFR. In another embodiment, the method further comprises adrministering to the subject a
second aclive agent, wherein said second aclive agent prevents EGFR dimer formation. In
another embodiment, the subject is a human.

in still another aspect, provided herein is a method of treating or preventing a kinase-
mediated disorder, comprising administering to a subject in need thereof an effective amount
of a compound of Formula | or a pharmaceutical composition comprising a compound of
Formula | and a pharmaceutically acceptable carrier. In one embodiment, the kinase-
mediated disorder is resistant to an EGFR-targeted therapy. In a further embodiment, the
EGFR-treated therapy is selected from the group consisting of gefitinib, erlotinib, osmertinib,
CO-1688, and WZ4002. In one embodiment, the method further comprises administering to
the subject a second active agent, wherein said second active agent prevents EGFR dimer
formation. in another embodiment, the method further comprises an ATP competitive EGFR
inhibitor. in ancther embodiment, the ATP competitive EGFR inhibitor is osmertinib. in
another embodiment, the subject is a human.

in an aspect, provided herein is a method of trealing cancer or a proliferation
disease, comprising administering to a subject in need thereof an effective amount of a
compound of Formula | or a pharmaceutical composition comprising a compound of Formula

I and & pharmaceutically acceplable carrier. In one embodiment, the cancer is lung cancer,

12
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breast cancer, glioma, squamous cell carcinoma, or prostate cancer. in another
embodiment, the method further comprises administering to the subject g second aclive
agent, wherein said second active agent prevents EGFR dimer formation. In ancther
embodiment, the subject is a human.

The disclosure also provides a kit comprising a compound capable of inhibiting
EGFR activity selected from a compound of Formula |, or a pharmaceutically acceptable sait
thereof, and instructions for use in treating cancer. In one embodiment, the kit further
comprises components for performing a test {o determine whether a subject has an
activating mutation in EGFR or a resistance mutation in EGFR. In another embodiment, the
kit further comprises a second active agent, wherein said second active agent prevents
EGFR dimer formation.

The disclosure also relates to a prodrug of & compound of Formula 1.

DETAILED DESCRIPTION
Definitions

Listed below are definitions of various terms used o describe the compounds and
compositions disclosed herein. These definitions apply o the terms as they are used
throughout this specification and claims, unless otherwise limited in specific instances, sither
individually or as part of a larger group.

Unless defined otherwise, all technical and scientific ferms used herein generally
have the same meaning as commonly understood by one of ordinary skill in the art.
Generally, the nomenclature used herein and the laboratory proceduraes in cell culture,
molecular genetics, organic chemistry, and peplide chemistry are those well-known and
commonly employed in the art.

As used herein, the articles “a” and "“an” refer to one or to more than one {(i.e., to at
least one) of the grammatical object of the article. By way of example, “an element” means
one glement or more than one element. Furthermore, use of the term “including” as well as
other forms, such as “include,” "includes,” and "included,” is not limiting.

As used herein, the term “"about” will be understood by persons of ordinary skill in the
art and will vary {o some extent on the context in which it is used. As used herein when
referring to a measurable value such as an amount, a temporal duration, and the like, the
term “about” is meant to encompass variations of £20% or £10%, including 5%, 1%, and
+0.1% from the specified value, as such variations are appropriate to perform the disclosed
methods.

The term “administration” or the like as used herein refers {0 the providing a

therapeutic agent {o a subject. Multiple techniques of administering a therapeutic agent exist
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in the art including, but not limited to, intravencus, oral, aerosol, parenteral, ophthalmic,
pulmonary, and tepical administration.

The terms "co-administration” or "combined administration” or the like as used herein
are meant to encompass administration of the selecied therapeutic agents to a single
patient, and are intended to include treatment regimens in which the agents are not
necessarily administered by the same route of administration or at the same tima.

The term “treat,” “reated,” “treating,” or "tfreatment” includes the diminishment or
alleviation of at least one symptom associated or caused by the state, disorder or disease
being reated. In cerfain embodiments, the treatment comprises bringing into contact with
wild-type or mutant EGFR an effective amount of & compound disclosed herein for
conditions related to cancer.

As used herein, the term "prevent” or “prevention” means no disorder or disease
development if none had occurred, or no further disorder or disease development if there
had already been deveiopment of the disorder or disease. Also considerad is the ability of
one to prevent some or all of the symptoms associated with the disorder or disease.

As used herein, the term “patient,” “individual,” or “subject’ refers to a human or a
nor-human mammal. Non-human mammais include, for example, livestock and pets, such
as ovine, bovine, porcine, canine, feline and marine mammals. Preferably, the patient,
subject, or individual is human.

As used herein, the terms “effective amount,” “pharmaceutically effective amount,”
and “therapeutically effective amount” refer 1o a nontoxic but sufficient amount of an agent to
provide the desired biclogical resull. That result may be reduction or alleviation of the signs,
symploms, or causes ¢f a disease, or any other desired alteration of a biciogical system. An
appropriate therapeutic amount in any individual case may be determined by one of ordinary
skill in the art using routine experimentation.

As used herein, the term “pharmacsutically acceptable” refers to a material, such as
a carrier or diluent, which does not abrogate the biclogical activity or properties of the
compound, and is relatively non-toxic, i.e., the material may be administered to an individual
without causing undesirable biological effects or interacting in a deleterious manner with any
of the components of the composition in which i is contained.

As used herein, the term “pharmaceutically accepiable salt” refers to derivatives of
the disclosed compounds wherein the parent compound is modified by converting an
existing acid or base moiety to its salt form. Examples of pharmaceutically acceptable salts
inciude, but are not limited to, mineral or organic acid salts of basic residues such as
amines; alkali or organic salts of acidic residues such as carboxylic acids; and the lke. The
pharmaceutically acceptable salts of the present disclosure include the conventional non-

foxic salts of the parent compound formed, for example, from non-toxic iNocrganic or organic
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acids. The pharmaceutically acceptable salis of the present disclosure can be synthesized
from the parent compound which contains a basic or acidic moiety by conventional chermical
methods. Generally, such salts can be prepared by reacting the free acid or base forms of
these compounds with a stoichiometric amount of the appropriate base or acid in waier or in
an organic solvent, or in a mixture of the two; generally, non-agueocus media like sther, ethyl
acelate, sthanol, isopropand!, or acelonitrile are prefarred. The phrase "pharmaceutically
acceptable salt” is not limited to a mono, or 1:1, salt. For example, “pharmaceutically
acceptable sall” also includes bis~-salts, such as a bis-hydrochloride salt. Lists of suitable
salts are found in Remington’s Pharmaceutical Sciences, 17th ed., Mack Publishing
Company, Easton, Pa., 1985, p. 1418 and Journal of Pharmaceutical Science, 68, 2 (1977),
each of which is incorporated herein by reference in its entirety.

As used herein, the term "prodrug’ refers to a precursor compound that will undergo
metabolic activation in vive to produce an active drug. Thus, for example, a prodrug of a
compound of Formuia | will, when administered {0 a subject, undergo metabolic activation o
generate the compound of Formula L

As used herein, the term “composition” or “pharmaceutical compaosition” refers to a
mixture of at least one compound useful within the disclosure with a pharmaceutically
acceptabie carrier. The pharmaceutical composition facilitates administration of the
compound to a patient or subject. Multiple techniques of administering a compound exist in
the art including, but not limited to, intravenous, oral, aerosol, parenteral, ophthalmic,
pulmonary, and topical administration.

The term "pharmaceutical combination” as used herein means a product that resulis
from the mixing ¢r combining of more than one aclive ingredient and includes both fixed and
nen-fixad combinations of the active ingredienis. The term "fixed combination” means that
the aclive ingredients, e.4., a compound of the disclosure and a co- agent, are boih
adminisiered fo a patient simultaneously in the form of a single entity or dosage. The term
"non-fixed combination” means that the active ingredients, 2.¢g. a compound ¢f the disclosure
and a co-agent, are both administered to a patient as separate entities either simultaneously,
concurrently or sequentially with no specific time limits, wherein such administration provides
therapeutically effective levels of the two compounds in the body of the patient. The latter
also applies to cocktail therapy, .¢., the administration of three or more active ingredients.

As used herein, the term “pharmaceutically acceptable carrier” means a
pharmaceuiically acceptable material, compaosition or carrier, such as a liquid or solid filler,
stabilizer, dispersing agent, suspending agent, diluent, excipient, thickening agent, solvent or
encapsulating material, involved in carrying or ransporting a compound useful within the
disclosure within or to the patient such that it may perform its intended function. Typically,

such constructs are carried or transported from one organ, or portion of the body, 1o another
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organ, or portion of the body. Each carrier must be “acceptable” in the sense of being
compatibie with the other ingredients of the formulation, including the compound useful
within the disclosure, and not injurious to the patient. Some exampiles of materials that may
serve as pharmaceutically acceptable carriers include: sugars, such as laciose, glucose and
sycrose; starches, such as com starch and potato starch; cellulose, and its derivatives, such
as sodium carboxymethyl cellulose, ethyl cellulose and celiulose acelale; powderad
tragacanth; malt; gelatin; talc; excipients, such as cocoa butter and suppository waxes; oils,
such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, com oil and soybean
oil; glycols, such as propylens giveol; polyols, such as glycerin, sorbitol, mannitol and
polyethylene glvcol, esters, such as ethyl cleate and ethyl laurate; agar, buffering agents,
such as magnesium hydroxide and aluminum hydroxide; surface active agents; alginic acid;
pyrogen-free water; isotonic saline; Ringer's solution; ethyl alcohol; phosphate buffer
solutions; and other non-toxic compatible substances employed in pharmaceutical
formulations.

As used herein, “pharmaceutically acceptable carrier” also includes any and all
coatings, antibacterial and anfifungal agents, and absorption delaying agents, and the like
that are compatible with the activity of the compound useful within the present disclosure,
and are physiclogically accepiable o the patient. Supplementary active compounds may
also be incorporated into the compositions. The "pharmaceutically acceptable carrier” may
further include a pharmaceutically acceptable salt of the compound disclosed herein. Other
additional ingredients that may be included in the phammaceutical compositions are known in
the art and describad, for example, in Remington’s Pharmacsutical Bciences (Genaro, Ed.,
Mack Publishing Co., 1885, Easion, PA), which is incorporated herein by reference.

Anoral dosage form” includes a unit dosage form prescribed or intended for oral
adminisiration. In an embodiment of the pharmaceutical combinations provided herein, the
EGFR inhibitors disclosed herein is administered as an oral dosage form.

As used herein, the term "EGFR” refers to epidermal growth factor receptor
(alternately referred to as ErbB-1 or HER1) and may refer to the wild-type receptororto a
receptor containing one or more mutations.

As used herein, the term "HER” or Her” refers to members of the ErbB receptor
tyrosine kinase family, including EGFR, ERBB2, HERS3, and HER4,

As used herein, the term “allosteric site” refers to a site on EGFR other than the ATP
binding site, such as that characterized in a crystal structure of EGFR. An “allosteric site”
can be a site that is close fo the ATP binding site, such as that characterized in a crystal
structure of EGFR. For example. For example, one allesteric site includes one or more of the
following amino acid residues of epidermal growth factor receptor (EGFR): Lys745, Leu788,
Ala743, Cys755, Leu777, Phe858, Asp8hS, Met7606, l1e758, Glu762, and/or Ala763.

16
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As used herain, the term “agent that prevents EGFR dimer formation,” or iterations
thereof, refers to an agent that prevents dimer formation in which the C-lobe of the
“activator” subunit impinges on the N-lobe of the “receiver” subunit. Examples of agents that
prevent EGFR dimer formation include, but are not limited to, cetuximab, cobimatinib,
trastuzumab, panitumumab, and Mig6.

As used hersin, the term “alkyl.” by itseif or as part of ancther substiluent means,
unless otherwise stated, a straight or branched chain hydrocarbon having the number of
carbon atoms designated (i.e., C1-Ces alkyl means an alkyl having one to six carbon atoms)
and includes straight and branched chains. Exampies include methyl, ethyl, propyl,
iscpropyl, butyl, iscbutyl, fert butyl, pentyl, neopentyl, and hexyl. Other examples of C+-Cs
alkyl include ethyl, methyl, isopropyi, iscbutyl, n-pentyl, and n-hexyl.

As used herein, the term "halcalkyl” refers to an alkyl group, as defined above,
substifuted with one or more halo substituents, wherein alkyl and halo are as defined herein.
Haloalkyl includes, by way of example, chioromethyl, trifflucromethyl, bromoethyi,
chlorofiucroethyl, and the like.

As used herein, the term “alkoxy” refers to the group ~O-alkyl, wherein alkyl is as
defined herein. Alkoxy includes, by way of examiple, methoxy, ethoxy, n-propoxy,
isopropoxy, n-butoxy, sec-butoxy, -buloxy and the like.

As used herein, the term “haloalkoxy” refers to the group —O-haloalkyl, wherein
haloalkyl is as defined herein. Haloalkoxy includes, by way of example, chioromethoxy,
trifiuoromethoxy, bromoethoxy, chiorofluoroethoxy, and the like.

As used herein, the term “alkenyl” refers {¢ a monovalent group derived from a
hydrocarbon moiety containing, In certain embodiments, from two o six, or twe o sight
carbon atoms having at least one carbon-carbon double bond. The alkenyl group may or
may not be the point of attachment {o another group. The term “alkenyl” includes, but is not
limited to, ethenyl, 1-propenyl, 1-butenyl, heptenyl, octeny! and the like.

As used herein, the term “aikynyl” refers {6 a monovalent group derived from a
hydrocarbon moiety containing, in certain embodiments, from two 10 six, or two {o sight
carbon atoms having at least one carbon-carbon triple bond. The alkynyl group may or may
not be the point of attachment {o another group. The term “alkynyl” includes, but is not
limited to, sthynyl, 1-propynyl, 1-butynyl, heptynyl, octynyl and the like.

As used herein, the term “halo” or "halogen” alone or as part of another substituent
means, unless otherwise stated, a fluorine, chloring, bromine, or icdine atom, preferably,
fluorine, chiorine, or bromine, more preferably, fluorine or chiorine.

As used herein, the term “cycloalkyl” means a non-aromatic carbocyclic system that
is fully saturated having 1, 2 or 3 rings wherein such rings may be fused. The term “fused”

means that a second ring is present (i.e., aitached or formed) by having two adjacent atoms
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in common (i.e., shared) with the first ring. Cycloalkyl also includes bicyclic structures that
may be bridged or spirocyclic in nature with each individual ring within the bicycle varying
from 3-8 atoms. The term “cycloalkyl” includes, but is not limited fo, cydlopropyl, cyclobutyl,
cyclopentyl, cyciohexyl, bicyclo[3.1.0lhexyl, spiro[3.3]heptanyl, and bicyclof1.1. 1]pentyl.

As used herein, the term “cycloalkenyl” means a non-aromatic carbocyclic system
that is partially saturated having 1, 2 or 3 rings whaerein such rings may be fused, and
wherein at least one ring contains an sp? carbon-carbon bond. The term “cycloalkenyl”
inciudes, but is not limited {o, cyclopropenyi, cyclobutenyl, cyclopentenyl, cyclohexenyl,
bicycio[3.1.0lhexenyl, spirci3.Slheptanenyl, and bicycio{1.1.1]pentenyl.

As used herein, the term “heterocyclyl” or “heterocycloalkyl” means a non-aromatic
carbocyclic system containing 1, 2, 3 or 4 heteroatoms selecied independently from N, O,
and S and having 1, 2 or 3 rings wherein such rings may be fused, wherein fused is defined
above. Heterocyclyl also includes bicyclic structures that may be bridged or spirocyclic in
nature with each individual ring within the bicycle varying from 3-8 atoms, and containing G,
1, or 2 N, O, or S atoms. The term “heterocyciyl” includes cyclic esters (i.e., lactones) and
cyclic amides (i.e., lactams) and also specifically includes, but is not limited to, epoxidyl,
oxetanyl, tetrahydrofuranyl, tefrahydropyrany! (i.e., oxanyl), pyranyl, dioxanyl, aziridinyl,
azetidinyl, pyrrolidinyl, 2,5-dihydro-1H-pyrroiyl, oxazolidinyl, thiazolidinyl, piperidinyl,
morpholinyl, pipgraziny!, thiomorpholingl, 1,3-oxazinanyl, 1, 3-thiazinanyl, 2-azabicyclo-
[2.1.1Jhexany!, 5-azabicyciof2.1.1Thexanyl, 6-azabicyclo[3.1.1] heptanyl, 2-azabicyclio[2.2.1}-
heptanyl, 3-aza-bicyclo[3.1. 1]heptanyl, 2-azabicyclo[3.1.1]heptanyl, 3-azabicyclo[3.1.0}-
hexanyl, 2-azabicyclo-[3.1.0Thexanyl, 3-azabicyclo[3.2. 1joctanyl, 8-azabicyclo[3.2. 1joctanyl,
3-oxa-7-azabicycio]3.3.1F-nonanyl, 3-oxa-9-azabicyciof3. 3. 1]nonanyl, Z-oxa-5-azabicycio-
[2.2.1Iheptanyl, 6-oxa-3-aza-bicyclol3.1.11heptanyl, 2-azaspirof3.3Theptanyl, 2-oxa-6-
azaspire[3.3lheptanyl, 2-oxaspiro[3.3}-heptanyl, 2-oxaspiro[3.5]nonanyl, 3-oxaspiro[5.3}-
nonanyi, and 8-oxabicyclo]3.2. T]octanyl.

As used herein, the term “aromatic” refers 10 a carbocycle or heterccycle with one or
more polyunsaturated rings and having aromatic character, i.e., having (4n + 2) delocalized
T (pi} electrons, where n is an integer.

As used herein, the term "aryl” means an aromatic carbocyclic system containing 1, 2
or 3 rings, wherein such rings may be fused, wherein fused is defined above. If the rings are
fused, one of the rings must be fully unsaturated and the fused ring(s) may be fully
saturated, partially unsaturated or fully unsaturated. The term “aryl” includes, but is not
fimited to, phenyl, naphthyl, indanyi, and 1,2,3,4-tetrahydronaphthalenyi. In some
embodimeants, aryl groups have § carbon atoms. In some embodiments, aryl groups have
from six to ten carbon atoms. In some embodiments, aryl groups have from six to sixteen

carbon atoms.
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As used herein, the term “hetercanyl” means an aromatic carbocyclic system
containing 1, 2, 3, or 4 heteroatoms selected independently from N, O, and S and having 1,
2, or 3 rings wherein such rings may be fused, wherein fused is defined above. The term
“heteroaryl” includes, but is not limited to, furanyl, thienyl, oxazolyl, thiazolyl, imidazolyl,
pyrazobyi, triazolyl, tetrazolyl, isoxazolyl, iscthiazolyl, oxadiazolyl, thiadiazolyl, pyridinyi,
pyridazinyl, pyrimidinyl, pyraziny!, imidazo[1 2-alpyridinyl, pyrazolo[1,5-alpyndinyd, 5,6,7.8-
tetrahydroisoquinolingl, 5,68,7 B-tetrahydroquinolinyl, 8,7-dihydro-5H-cyclopentalblpyridinyd,
&,7-dihydro-5H-cyclopenta-[clpyridiny, 1,45 68-tetrahydrocyclopenta[clpyrazolyl, 2,.4.5.6-
tetrahydrocyclopentaiclpyrazoiyl, 5,G-dihydro-4H-pyrrolol1,2-blpyrazolyl, 6,7 -dihydro-5H-
pyrrolo[1,2-b}{1,2 4liriazolyi, 5,6,7 8-tetrahydre-[1 2 4ltriazole{1, 5-alpyridinyt, 4,58,7-
tetrahydropyrazolo[1.5-alpyridinyl, 4,56, 7-tetrahydro-1H-indazolyl and 4,5,6,7-tetrahydro-
2H-indazolyl.

it is to be understood that if an aryl, hetercaryl, cycloalkyl, or heterocyclyl moiety may
be bonded or otherwise attached to a designated moiety through differing ring atoms (i.e.,
shown or described without denotation of a specific point of atiachment), then all possible
points are intended, whether through a carbon atom or, for example, a trivalent nitrogen
atom. For example, the term “pyridinyl” means 2-, 3- or 4-pyridinyl, the term “thienyl” means
2- or 3-thienyi, and so forth.

As used herein, the term “substituted” means that an atom or group of atoms has
replaced hydrogen as the substituent attached 1o another group.

As used herein, the term "oplionally substituted” means that the referenced group
may be substituted or unsubstituted. In one embodiment, the referenced group is optionally
subsiituted with zero substituents, L., the referenced group is unsubstiiuted. In another
embodiment, the referenced group is optionally substituted with one or more additional

group(s} individually and independently selected from groups described herein.

Compounds
Provided herein are compounds that are allosteric inhibitors of epidermal growth

factor recepior (EGFR) useful in the treatment of kinase-mediated disorders, including
cancer and other proliferation diseases.

In an aspect, provided herein is a compound of Formula b

W x
o W ; Ty
A !
\N»)’j\r’N B‘?é
H
R! O
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or a pharmacsutically acceptable salt thereof,

whereirn:

Ais a B8-10 membered aryl or & 5-10 membered heteroaryl;

YW and W* are each, independently, CH, CR®, or N;

X and B are each, independently, N, CH, CF, or C-{C4-C5 alkyl);

Y and Z are each independently N, CH, or CR#;

provided that at least one of X, Y, Z, or B is CH;

R' is phenyl or pyridinyt, wherein pheny! or pyridinyt is optionally substituted one or
two times, independeantly, with R™,

R? is independently, at each occurrence, selectad from the group consisting of halo,
&-10 membered aryl, 5-6 membered heteroaryl, 3-6 membered cycloalkyl, 3-8 membered
cycloalkenyl, 5-7 membered heterocycloaikyl, OR*, NRR4, SO,R4, SONHR4, NHSO:R*,
COYOR*, C(OINHR4, C(OIRY, C+-Cs alkyl, Co-Cs alkenyl, C»-Cs alkynyl, wherein 8-10
membered aryl, 5-10 membered heteroaryl, and 3-8 membered cycloalkyl are optionally
substituted with R®, and wherein C1-Cs alkyl, Cz-Cs alkenyl, or Cx-Cs alkynyl are each
optionally substituted one, two, or three times with R*;

R* is selected from the group consisting of halp, -OH, -BH, ~-CN, -NQCp, -NH,, and
a 57 membered heterocycle, wherein the 5-7 memberad heterocycle is optionally
subsiituted with C4-Cy alkyl;

R* is independently, at each occurrence, selected from the group consisting of
hydrogen, (CHa)es-{Cs-Cr cycloalkyl), (CHzlo.a-(Ce-Cr cycloalkenyl), (CHa)o.a(Ca-Cra aryl),
{CH2)0.3-{5~ to B-membered heteroaryl), or (CHa)e.s-{5- to 7-membered heterocycioaikyl),
whereain the aryl, hetercaryl, or helerccycioalkyl are each oplionally substituted one, two, or
three times with R%;

R® is independently, at each occurrence, selected from the group consisting of C+-Cs
alkyl, C+-Cs haloalkyl, C1-Cs alkoxy, C4-Cs haloalkoxy, halo, COOH, C{O)O(C1-Cs alkyl),
O(CH2)1.a0H, NH2, OH, CN, {CH20.3(Ca-Crp arvl), (CHzoa(5- fo 6-membered heteroaryl}, and
(CHz)e-s(5- to 7-membered heterocycloaikyl), wherein Ce-Cqo aryl, 5- to 8-membered
hetercaryl, and 5- to 7-membered heterocycloalkyl are optionally substituted with one or
more substituents independently selected from C+-Cs alkyl, C1-Cs haloalkyl, C1-Ce alkoxy, Cs-
Cs haloalkoxy, halo, NHz, NH{C+-Ce atkyl), N(C+-Ca atkyh)z, SO:NMH,, (CH2)1:0H, C{ONCH)1.
20H, and C{OYO(C4-Ce alkyl);

R® is independently, at each occurrence, C+-Cs alkyl or halo; and

R” is independently, at each occurrence, C+-Cs alkyl, C+-Cs haloalkyl, C1-Cs alkoxy,
C+-Cs haloalkoxy, halo, OH, SH, NO,, NHa, (CH231.40H, S(O)o.2H, S(O)e.oNH:, or CN.

In an embodiment, the compound of Formula | is a compound of Formula H:
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(th)

or a pharmaceutically acceptable salt thereof,

wherein:

Ais a 8-10 membered aryl or a 5-10 membered heteroaryl;

W and W2 are each, independently, CH, CR®, ar N;

R? is selected from the group consisting of absent, halo, 8-10 membered aryl, 5-10
membered heteroaryl, and 3-6 membered cycloalkyl, wherein 6-10 membered aryl, 5-10
membered heteroaryl, and 3-6 membered cycloalky! are optionally substituted with R3;

R* is selected from the group consisting of halp, -OH, -3H, -CN, -NQ», -NH,, and
a 5-7 membered heterocycle, wherein the 5-7 membered heterocycle is optionally
subsiituted with C4-C4 alkyl;

R¢ is independently, at each occurrence, C+-Cg alkyl or halo;

R7 is selected from the group consisting of absent, halo, -OH, -8H, -CN, -NQO», and -
NH2: and

nis 1or2.

in another embaodiment, R7 is absent. In vet another embodiment, R7 is halo. In still
another embodiment, R7 is fiuoro.

in an embodiment, A is 5-7 membered heteroaryl. In another embodiment, A s
thiazole. In yet another embodiment, A is pyridine.

In still another embodiment, R? is selected from the group consisting of absent, halo,
6-10 membered aryl, 5-10 membered heteroaryl, and 3-6 membered cycloalkyl, wherein 6-
10 membered aryl is optionally substituted with R*. in an embodiment, R? is halo. in another
embodiment, R? is bromo. in yet another embodiment, B2 is fluoro. In stili anciher
embodiment, R? is phenyl further substituted with R2. in an embodiment, R% is a 8-membered
heterocycle optionally substituted with C+-Cs alkyl. In another embodiment, R3 is piperidine
further substituted with methyl. In still another embodiment, R is piperazine further
substituted with methyl. in an embodiment, R? is in the para position.

In another embodiment, the compound of Formula | is a compound of Formula HI;
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a)

or a pharmaceutically acceptable salt thereof

In yet another embodiment, the compound of Formula | is a compound of Formula V.

S O N~ -
Ci\ . (R¥)n

N N P
H
R4
5
(V)
or a pharmaceutically acceptable salt thereof.
In still another embodiment, the compound of Formula | is a compound of Formula
Vi
10
(Vi)
or a pharmaceutically acceptable salt thereof.
In an embodiment, the compound of Farmula | is a compound of Formula ViL
15 (Vih

or a pharmaceutically acceptable salt thereof.

in another embodiment, the compound of Formula | is a compound of Formula VI
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(VD
or a pharmacsutically acceptable salt thereof
In yet another embodiment, the compound of Formula | is selected from a compound,

or pharmaceutically acceptable salt thereof, in Table 1.

Table 1.

Caompound No. Structure
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The compounds disclosed herein may exist as tautomers and optical isomers (2.9,

enantiomers, diasterecmers, diastereomeric mixtures, racemic mixtures, and the like).

iLis generally well known in the art that any compound that will be converted in vivo

to provide a compound of Formuiae I-VIH is a prodrug within the scope of the present

disclosure.
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Provided herein are compounds and compaositions with improved pharmacokinetic
profiles relative to known EGFR inhibitors, specifically with respect to lipophilicity.

In another aspect, provided herein are pharmaceutical compositions comprising a
compound of the present disclosure, or a pharmaceutically accepiable sait thereof, and a
pharmaceutically acceptable carrier. in another aspect, the pharmaceutical composition
further comprises a second active agent, wherein said second active agent prevents EGFR
dimer formation, and a pharmaceutically acceptable carrier. In some embodiments, the
second active agent that prevents EGFR dimer formation is an antibody. In further
embodiments, the second active agent that prevents EGFR dimer formation is cetuximab,
frastuzumab, or panitumumab. In further embodiments, the second active agent that
prevents EGFR dimer formation is cetuximab.

A compound that binds to an allosteric site in EGFR, such as the compounds of the
present disclosure {(e.qg., the compounds of the formulae disclosed herein), optionally in
combination with a second active agent, wherein said second active agent prevents EGFR
dimer formation, are capable of modulating EGFR activity. In some embediments, the
compounds of the present disclosure are capable of inhibiting or decreasing EGFR activity
without a second active agent (e.¢., an antibody such as cetuximab, frastuzumab, or
panifumumab). in other embodiments, the compounds of the present disclosure in
combination with a second active agent. In an embodiment, the second active agent
prevents EGFR dimer formation and/or are capable of inhibiting or decreasing EGFR
aciivily. In some embodiments, the second active agent that prevents EGFR dimer formation
is an antibody. In further embodiments, the second active agent that prevents EGFR dimer
formation s cetuximab, trastuzumab, or panitumumab. In further embodiments, the second
active agent that prevents EGFR dimer formation is cetuximab. In an embodiment, the
second active agent is an ATP competitive EGFR inhibitor. In another embodiment, the ATP

competitive EGFR inhibitor is osimertinib.

Methods of Treatment

in an aspect, provided herein is a method of treating cancer in an individual in need
thereof, comprising administering to the individual a therapeutically effective amount of a
compound of Formula | In an embodiment, the cancer is selecied from the group consisting
of lung cancer, colon cancer, breast cancer, endometrial cancer, thyroid cancer, glioma,
squamous cell carcinoma, and prostate cancer. In ancther embodiment, the cancer is non-
small cell lung cancer (NSCLC).

in another aspect, provided herein is a method of inhibiting a kinase in an individual
in need thereof, comprising administering to the individual a therapeutically effective amount

of a compound of Formula | in an embodiment, the kinase is EGFR.
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in yet another aspect, provided herein is a method of treating or preventing a kinase-
mediated disorder in an individual in need thersof, comprising administering to the individual
a therapeutically effective amount of a compound of Formula | In an embodiment, the
kinase-mediated disorder is resistant to an EGFR-targeted therapy. In another embodiment,
the EGFR-freated therapy is selected from the group consisting of gefitinib, erlotinib,
osimertinib, CO-1886, and WZ24002.

In some embodiments, the compounds of the present disclosure are capable of
modulating (e.g., inhibiting or decreasing) the activity of EGFR containing one or more
mutations. In some embodiments, the mutant EGFR contains one or more mutations
selected from T790M, L718Q, L844Y, VO48R, LB58R, {841R, C7873, and Del. In other
embodiments, the mutant EGFR contains a combination of mutations, wherein the
combination is selected from Del/L7 180, Del/L844V, Del/T730M, Del/T790M/L7 180,
Del/T790M/LE44V, LBSBR/L718Q, LB58R/ 844V, LB58R/T7S0M, LE5BR/T790M/1941R,
Del/T790M, Del/T790M/C7975, LBS8R/TTIOM/CTS7S, and LBSBR/T790M/L718Q. In other
embodiments, the mutant EGFR contains a combination of mutations, wherein the
combination is selected from Del/l 844V, L858R/L844V, | 858R/MT790M,
LBSBR/T7O0M/NS41R, LBEBR/T7A0M/CTA7S, Del/T790M, Del/T720M, Del/T790M/C797S,
and L8S8R/T790M. iIn other embodiments, the mulant EGFR contains a combination of
mutations, wherein the combination is selected from LBSBR/T790M, LB858R/T7S0M/IS41R,
LEEBR/T7O0M/CT797S, Del/T790M, Del/T790M/CT97S, and LBSBR/T7I0M.

In some embodiments, the compounds of the present disclosure in combination with
a second active agent, wherein said second active agent prevents EGFR dimer formation,
are capable of modulating (2.g., inhibiting or decreasing) the activity of EGFR coniaining one
or more mutations. In some embodiments, the mutant EGFR contains one or mors
mutations selected from T790M, L718Q, L8844V, VO48R, L858R, 18341R, C7978, and Del. In
other embodiments, the mutant EGFR contains a combination of mutations, wherein the
combination is selected from Del/L718Q, Del/L844V, Dal/TT90M, Del/T790M/L718Q,
Del/T790M/L844Y | LBS8R/LT18Q, LBEBR/.844V, LBSBR/TTO0M, LES8R/T790M/1941R,
Del/T790M, Del/T790M/C7975, LBE8R/T7IOM/CTI7S, and LBSEBR/T790M/L718Q. In other
embodiments, the mutant EGFR contains a combination of mutations, wherein the
combination is selected from Del/L844V, L858R/LB44V, LB858R/T790M,
LASBR/T7O0M/I941R, LBBBR/T7O0M/C797S, Del/T780M, Del/T780M/C787S, and
LBS/BR/T790M. In other embodiments, the mutant EGFR contains a combination of
mutations, wherein the combination is selected from L858R/T790M, LBESR/T7O0M/IS41R,
LBSBR/T7OOMICTYTS, DelfT790M, Del/T790M/C7973, and LBSBR/T7I0M. In some
embodiments, the second active agent that prevents EGFR dimer formation is an antibody.

in further embodiments, the second active agent that prevents EGFR dimer formation is
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cetuximab, trastuzumab:, or panitumumab. In further embodiments, the second active agent
that prevents EGFR dimer formation is cetuximab. In an embodiment, the second active
agent is an ATP competitive EGFR inhibitor. In another embodiment, the ATPF competitive
EGFR inhibitor is osimertinib.

in some embodiments, the compounds of the present disclosure are capabie of
maodulating (2.g., inhibiting or decreasing) the activity of EGFR containing one or more
mutations, but do not affect the activity of a wild-type EGFR.

In other embodiments, the compounds of the present disclosure in combination with
a second active agent, wherein said second actlive agent prevents EGFR dimer formation,
are capable of modulating (e.g., inhibiting or decreasing) the activity of EGFR containing one
or more mutations, but do not affect the activity of a wild-type EGFR. In some embodiments,
the second active agent that prevents EGFR dimer formation is an antibody. In further
embodiments, the second active agent that prevents EGFR dimer formation is cetuximab,
trastuzumab, or panitumumab. In further embodiments, the second active agent that
prevenis EGFR dimer formation is cetuximab. In an embodiment, the second active agent is
an ATP competitive EGFR inhibitor. In ancther embodiment, the ATP competitive EGFR
inhibitor is osimertinib.

Modulation of EGFR containing one or more mutations, such as those described
herein, but not a wild-type EGFR, provides an approach o the treatment, prevention, or
amelioration of diseases including, but not limited to, cancer and metastasis, inflammation,
arthritis, systemic lupus ervthematosus, skin-related disorders, pulmonary disorders,
cardiovascular disease, ischemia, neurcdegenerative disorders, liver disease,
gastrointestingt disorders, viral and bacterial infections, central nervous system disorders,
Alzheimer's diseass, Parkinson's disease, Huntington's disease, amyotrophic lateral
sclerosis, spinal cord injury, and peripheral neuropathy.

in some embodiments, the compounds of the disclosure exhibit greater inhibition of
EGFR containing one or more mutations as described herein relative 1o a wild-type EGFR. In
certain embodiments, the compounds of the disclosure exhibit at least 2-fold, 3-fold, &-fold,
10-fold, 25-fold, 50-fold or 100-fold greater inhibition of EGFR containing one or more
mutations as described herein relative to a wild-type EGFR. In variocus embodiments, the
compounds of the disclosure exhibit up fo 1000-fold greater inhibition of EGFR containing
one or more mutations as described herein relative to a wild-type EGFR. In various
embodiments, the compounds of the disclosure exhibit up to 10000-fold greater inhibition of
EGFR having a combination of mutations described herein (e.g., L858R/T790M,
LBSBR/T7O0M/N941R, LBEBR/TTI0M/CTI7S, Del/T790M, Del/T790M/CTOT7S, and
LB85BR/T7I0M) relative to a wild-type EGFR.
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in other embodiments, the compounds of the disclosure in combination with a second
active agent, wherein said second active agent prevents EGFR dimer formation, exhibit
greater inhibition of EGFR containing one or more mutations as described herein relative {o
a wild-type EGFR. In certain embodiments, the compounds of the disclosure in combination
with a second active agent, wherein said second active agent prevents EGFR dimer
formation, exhibit at least 2-fold, 3-fold, 5-fold, 10-fold, 25-fold, 50-fold or 100-fold greater
inhibition of EGFR containing one or more mutations as described herein relative to a wiid-
type EGFR. In various embodiments, the compounds of the disclosure in combination with a
second active agent, wherein said second active agent prevenis EGFR dimer formation,
gxhibit up to 1000-fold grester inhibiion of EGFR containing one or more mutations as
described herein relative {0 a wild-type EGFR. In various embodiments, the compounds of
the disclosure in combination with a second active agent, wherein said second active agent
prevents EGFR dimer formation, exhibit up to 10000-fold greater inhibition of EGFR having a
combination of mutations described herein (e.g., L858R/T790M, LB58R/T730M/IS941R,
L85SBR/T790M/C7973, Del/T790M, Del/T790M/CT97S, and LESBR/T790M) relative to a wild-
type EGFR. In some embodiments, the second active agent that prevents EGFR dimer
formation is an antibody. In further embodiments, the second active agent that prevents
EGFR dimer formation is celuximal, frastuzumab, or panitumumab. in further embodiments,
the second active agent that prevents EGFR dimer formation is cetuximab. In an
embodiment, the second active agent is an ATP competitive EGFR inhibitor. In another
embodiment, the ATF competitive EGFR inhibitor is osimertinib.

In some embodiments, the compounds of the disclosure exhibil from about 2-fold to
about 10-fold greater inhibition of EGFR containing one or more mutations as described
herein relative to a wild-type EGFR. In various embodiments, the compounds of the
disclosure exhibit from about 10-fold to aboui 100-fold greater inhibition of EGFR containing
one or more mutations as described herein relative to a wild-type EGFR. In varicus
embediments, the compeounds ¢f the disclosure exhibit from about 100-fold 1o about 1000-
fold greater inhibition of EGFR containing one or more mutations as described herein
relative to a wild-type EGFR. In various embodiments, the compounds of the disclosure
exhibit from about 1000-fold to about 10000-fold greater inhibition of EGFR containing one
or more mutations as described herein relative to a wild-type EGFR.

In other embodiments, the compounds of the disclosure in combination with a second
active agent, wherein said second active agent prevents EGFR dimer formation, exhibit from
about 2-fold to about 10-fold greater inhibition of EGFR containing one or more mutations as
described herein relative {o a wild-type EGFR. In other embodiments, the compounds of the
disclosure in combination with a second active agent, wherein said second active agent

prevents EGFR dimer formation, exhibit from about 10-fold to about 100-fold greater
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inhibition of EGFR containing one or more mutations as described herein relative to a wild-
type EGFR. In other embodiments, the compounds of the disclesure in combination with a
second active agent wherein said second active agent prevents EGFR dimer formation
exhibit from about 100-fold to about 1000-fold greater inhibition of EGFR containing one or
more mutations as described herein relative to a wild-type EGFR. In other embodiments, the
compounds of the disclosure in combination with 8 second active agent, wherein said
second active agent prevents EGFR dimer formation, exhibit from about 1000-fold to about
10000-fold greater inhibition of EGFR containing one or more mutations as described herein
relative to a wild-type EGFR. In other embodiments, the second actlive agent that prevents
EGFR dimer formation is an antibody. In further embodiments, the second active agent that
prevents EGFR dimer formation is cetuximab, trastuzumab, or panitumumab. In further
embodiments, the second active agent that prevents EGFR dimer formation is cetuximab. in
an embodiment, the second active agent is an ATP competitive EGFR inhibitor. In another
embodiment, the ATP competitive EGFR inhibitor is osimertinib.

In certain embodiments, the compounds of the disclosure exhibit at least 2-fold
greater inhibition of EGFR having a combination of mutations selected from L858R/T790M,
LBSBR/T7O0M/NS41R, LBSBR/T7A0M/CT97S, Del/T790M, Del/T780M/C797S, and
LBS8R/TTO0M relative to a wild-type EGFR. In certain embodiments, the compounds of the
disclosure exhibit at least 3-fold greater inhibition of EGFR having a combination of
mutations selected from LB5BR/T790M, LES8R/T790M/I941R, LBEBR/T790M/CT7H7S,
Del/T720M, DelVT780M/C7973, and LELBR/T720M relative 10 a wild-type EGFR. In certain
smbodiments, the compounds of the disclosure exhibit at least 5-fold greater inhibition of
EGFR having a combination of mutations selected from L858R/T720M,
LESBR/T7O0M/1941R, LBBBR/T7O0M/CT797S, Del/TT90M, Del/T790M/C787S, and
LESBR/T790M relative to a wild-type EGFR. In certain embodiments, the compounds of the
disclosure exhibit at ieast 10-fold greater inhibition of EGFR having a combination of
mutations selected from L85BR/T790M, L8SBR/T7I0M/I941R, LBSBR/T790M/CTE7S,
Del/T790M, Del/T790M/CT797S, and L358R/T790M relative to a wild-type EGFR. In certain
embodiments, the compounds of the disclosure exhibit at least 25-fold greater inhibition of
EGFR having a combination of mutations selected from L858R/T790M,
L8SBR/T790M/S41R, LBE8R/TTOOM/CTY7S, Del/T730M, Del/T730M/CT797S, and
LASBR/T790M relative to a wild-type EGFR. In certain embodiments, the compounds of the
disclosure exhibit at ieast 50-fold greater inhibition of EGFR having a combination of
mutations selected from L L858R/T790M, LB58R/T790M/1941R, LBASR/TTIOM/CT7ITS,
Del/T700M, Del/T790M/CTO7S, and LBSBR/T790M relative to a wild-type EGFR. In certain
embodiments, the compounds of the disclosure exhibit at least 100-fold greater inhibition of
EGFR having & combination of mutations selected from L85BR/T790M,
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LB8SBR/T7O0M/NS41R, LBEBR/TTIOM/CTE7S, Del/T790M, Del/T790M/CTO7S, and
LBSBR/T7O0M relative fo a wild-type EGFR.

In cerfain embodiments, the compounds of the disclosure in combination with a
second active agent, wherein said second active agent prevents EGFR dimer formation,
exhibit at least 2-fold greater inhibition of EGFR having a combination of mutations selected
from L8SBR/T790M, LEBSBR/TTIOMAB4MR, LBEBR/TTI0M/CTYTS, Del/T790M,
Del/T790M/C797S, and LB5BR/TTI0M relative to a wild-type EGFR. In certain embodiments,
the compounds of the disclosure in combination with a second active agent, wherein said
second active agent prevents EGFR dimer formation, exhibit al least 3-fold greater inhibition
of EGFR having a combination of mutations selected from L858R/T790M,
LESBR/T790M/B41R, LBEBR/TTOOM/CTI7S, Del/T720M, Del/T790M/CT7975, and
L85BR/T790M relative to a wild-type EGFR. In certain embodiments, the compounds of the
disciosure in combination with a second active agent, wherein said second active agent
prevents EGFR dimer formation, exhibit at least 5-fold greater inhibition of EGFR having a
combination of mutations selected from L858R/T790M, LE8SER/T7O0M/I241R,
LBS8R/T7O0M/CTAT7S, DeliT790M, Del/T780M/C7975, and LB58R/T790M relative to a wild-
type EGFR. In certain embodiments, the compounds of the disclosure in combination with a
second active agent, wherein said second active agent prevenis EGFR dimer formation,
exhibit at least 10-fold greater inhibition of EGFR having a combination of mutations selected
from L8SBR/T7O0M, LB5BR/T7O0M/AO41R, LBSBR/T790M/CT797S, Del/T7B0M,
Del/T720M/C707S, and LBHSR/T7S0M relative to a wild-type EGFR. In cerfain embodiments,
the compounds of the disclosure in combination with a second active agent, wherein said
second active agent prevents EGFR dimer formation, exhibit at least 25-fold greater
inhibition of EGFR having a combination of mutations selected from L85S8R/T70M,
LBS8R/T7O0M/NG41R, LBSBR/TT7A0M/CTE7S, Dal/T790M, Del/T730MICTS7S, and
LBSBR/T790M relative to a wild-type EGFR. In certain embodiments, the compeounds of the
disclosure in combination with a second active agent, wherein said second active agent
prevents EGFR dimer formation, exhibit at least 50-fold greater inhibition of EGFR having a
combination of mutations selected from L L858R/T730M, LB5SR/T7SOM/I841R,
L8BBR/T790M/C797S, Del/T790M, Del/T7IOM/CTS7S, and LBBBR/T790M relative to a wild-
type EGFR. In certain embodiments, the compounds of the disclosure in combination with a
second active agent, wherein said second active agent prevents EGFR dimer formation,
exhibit at least 100-fold greater inhibition of EGFR having a combination of mutations
selected from LBASR/T7O0M, LEEBR/T7I0M/IS41R, LBSBR/TTI0M/CTI7S, DelT790M,
Del/T700M/CT97S, and LB5BR/T7E0M relative to a wild-type EGFR. in some embodiments,
the second active agent that prevents EGFR dimer formation is an antibody. In further

embodiments, the second active agent that prevents EGFR dimer formation is cetuximab,
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frastuzumab, or panitumumab. In further embodiments, the second active agent that
prevents EGFR dimer formation is cetuximab. In an embodiment, the second active agentis
an ATP competitive EGFR inhibitor. In ancther embodiment, the ATP competitive EGFR
inhibitor is osimertinib.

In some embodiments, the inhibition of EGFR activity is measured by [Cag.

In some embodimentis, the inhibition of EGFR activity is measured by ECzo.

In some embodimenis, the inhibition of EGFR by a compound of the disclosure can
be measurad via a biochemical assay. By illustrative and non-limiting exampile, a
homogenous time-resolved fluorescence (HTRF) assay may be used to determine inhibition
of EGFR activily using conditions and experimental parameters disclesed herein. The HTRF
assay may, for example, employ concentrations of subsirate (e.q., biotin-Lck-peptide
substrate) of about 1 uM; concentrations of EGFR (mutant or WT) from about 0.2 nM to
about 40 nM; and concentrations of inhibitor from about 0.000282 M fo about 50 uM. A
compound of the disclosure screened under these conditions may, for example, exhibit an
iICso value from about 1 nM to >1 uM; from about 1 nM to about 400 nM; from about 1 nM to
about 150 nM; from about 1 nM to about 75 nM; from about 1 nM to about 40 niM; from about
1 nM to about 25 nM; from about 1 nM to about 15 nM; or from about 1 nM to about 10 nM.
in certain embodiments, a compound of the disclosure screened under the above conditions
for inhibition of EGFR having a mutation or combination of mutations selected from
LB8SBR/T7I0M, L85A8BR, and T790M may, for example, exhibit an 1Cse value from about 1 nM
to =1 uM; from about 1 nb to about 400 ni; from about 1 nM to about 150 nM; from about 1
Nyt to about 75 nM; from about 1 nM o about 40 nM; from about 1 nM 1o about 25 nM; from
about 1 nM {0 about 15 nM; or from about 1 nM to about 10 nM.

In some embodimenis, the compounds of the disclosure bind to an allosteric site in
EGFR. in some embodiments, the compounds of the disclosure inferact with at least one
amino acid residus of epidermal growth factor recepior (EGFR) selected from Lys745,
Leu788, and Ala 743. In other embodiments, the compounds of the disclosure interact with
at least one amino acid residue of epidermal growth factor receptor (EGFR) selected from
Cys755, Leu777, Phelss, and Asp855. in other embodiments, the compounds of the
disclosure interact with at least one amino acid residue of epidermal growth factor receptor
(EGFR) selected from Met766, [le759, Glu762, and Ala783. In other embodiments, the
compounds of the disclosure interact with at least one amino acid residue of epidermal
growth factor receptor (EGFR) selected from Lys745, Leu788, and Ala 743, at least one
amino acid residue of epidermal growth factor receptor (EGFR) selected from Cys758,
Leu?777, Phe858, and Asp85bS&; and at least one amino acid residue of epidermal growth
factor receptor (EGFR) selecied from Mel768, 1e759, Glu762, and Ala783. in other

embodiments, the compounds of the disclosure do not interact with any of the amino acid

44



10

15

20

25

30

35

WO 2020/257632 PCT/US2020/038705

residues of epidermal growth factor receptor (EGFR) selected from Met793, Gly798, and
Cys787.

In some embodiments, the disclosure provides a compound comprising an allosteric
kinase inhibitor, wherein the compound is a more potent inhibitor of a drug-resistant EGFR
mutant relative to a wild type EGFR. For example, the compound can be at least about 2-
foid, 3-fold, 5-fold, 1G-fold, 25-fold, 50-fold or about 100-Told more potent at inhibiting the
kinase activity of the drug-resistant EGFR mutant relative {o a wild-type EGFR. In some
embodiments, the drug -resistant EGFR mutant is resistant to one or more known EGFR
inhibitors, including but not limited to gefitinib, erlotinib, lapatinib, WZ4002, HKI-272, CL-
387785, and osimertinib.

in some embodiments, the drug-resistant EGFR mutant comprises a sensitizing
mutation, such as Del and L.858R.

in some embodiments, the disclosure provides a compound comprising an allosteric
kinase inhibitor in combination with a second active agent, wherein said second active agent
prevenis EGFR dimer formation, wherein the compound is a more potent inhibitor of a drug-
resistant EGFR mutant relative to a wild type EGFR. For example, the compound in
combination with a second active agent, wherein said second active agent prevents EGFR
dimer formation, can be at least about 2-fold, 3-fold, 5-fold, 10-fold, 25-fold, 50-fold or gbout
100-fold more potent at inhibiting the kinase activity of the drug-resistant EGFR mutant
relative to a wild-type EGFR. In some embodiments, the drug-resistant EGFR mutant is
resistant to one or more known EGFR inhibitors, including but not limited to gefitinib,
griotinib, igpatinib, WZ4002, HKI-272, CL-387785, and osimertinib. in soms embodiments,
the drug-resistant EGFR mutant comprises a sensilizing mutation, such as Del and LB58R.
in some embodiments, the second active agent that prevents EGFR dimer formation is an
antibody. in further embodiments, the second active agent that prevenis EGFR dimer
formation is cetuximab, trastuzumab, or panitumumab. In further embodiments, the second
active agent that prevents EGFR dimer formation is cetuximab. In an embodiment, the
second active agent is an ATP compstitive EGFR inhibitor. In another embodiment, the ATP
competitive EGFR inhibitor is osimertinib.

in some embodiments, the disclosure provides a compound comprising an allosteric
kinase inhibitor, wherein the compound inhibits kinase activity of a drug-resistant EGFR
mutant harboring a sensitizing mutation (e.g., Del and L858R) and a drug-resistance
mutation (e.q., T790M, L7180, C797S, and L844V) with less than a 10-fold difference in
potency (e.g., as measured by ICs) relative to an EGFR mutant harboring the sensitizing
mutation bul not the drug-resistance mulation. In some embodiments, the difference in
potency is less than about 9-fold, 8-fold, 7-fold, 6-fold, 5-fold, 4-fold, 3-fold, or 2-fold.
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in other embodiments, the disclosure provides a compound comprising an allosteric
kinase inhibitor in combination with a second active agent , wherein said second active
agent prevents EGFR dimer formation, whersin the compound in combination with the
second active agent inhibits kinase activity of a drug-resistant EGFR mutant harboring a
sensifizing muiation {e.g., Del and L858R) and a drug-resistance muiation {(e.g., T790M,
L718Q, C7978, and LB44V) with less than a 10-fold difference in potency (e.g., as measured
by 1Ceo) relative to an EGFR mutant harboring the sensitizing mutation but not the drug-
resistance mutation. In some embodiments, the difference in potency is less than about 8-
fold, 8-fold, 7-fold, 6-fold, 5-foid, 4-fold, 3-fold, or 2-fold. In some embodiments, the second
active agent that prevents EGFR dimer formation is an antibody. in further embodiments, the
second aclive agent that prevents EGFR dimer formation is cetuximab, irastuzumab, or
panitumumab. In further embodiments, the second active agent that prevents EGFR dimer
formation is cetuximab. In an embodiment, the second active agent is an ATP competitive
EGFR inhibitor. In another embodiment, the ATP competitive EGFR inhibitor is osimertinib.

In some embodiments, the disclosure provides a compound comprising an allosieric
kinase inhibitor, wherein the compound is more potent than one or more known EGFR
inhibitors, including but not limited to gefitinib, erlotinib, lapatinib, WZ4002, HKI-272, CL-
387785, and osimertinib, at inhibiting the activity of EGFR containing one or more mutations
as described herein, such as T790M, L718Q, L8844V, L85BR, C7978, and Del. For example,
the compound can be al least about 2-fold, 3-fold, 5-fold, 10-fold, 25-fold, 50-fold or about
100-fold more potent (8.g., as measured by [Cse) than gefitinib, eriotinib, lapatinib, WZ4002,
HK1-272, CL-387785, and osimertinib at inhibiting the activity of the EGFR containing one or
more muiations as described herein.

In other embodiments, the disclosure provides a compound comprising an allosteric
kinase inhibitor in combination with a second active agent , wherein said second active
agent prevents EGFR dimer formation, whersin the compound in combination with the
second aclive agent is more potent than one or more known EGFR inhibitors, including but
not limited to gefitinib, erlotinib, lapatinib, WZ4002, HKI-272, CL-387785, and osimertinib, at
inhibiting the activity of EGFR containing one or more mutations as described herein, such
as T7T90M, L7180, L844V, L858R, C7975, and Del. For exampie, the compound in
combination with a second active agent, wherein said second active agent prevents EGFR
dimer formation, can be at least about 2-fold, 3-fold, 5-fold, 10-fold, 25-fold, 50-fold or about
100-fold more potent (e.g., as measured by [Cse) than gefitinib, erictinib, lapatinib, WZ4002,
HKI-272, CL-387785, and osimertinib at inhibiting the activity of the EGFR confaining one or
more mutations as described herein. In some embodiments, the second active agent that
prevents EGFR dimer formation is an antibody. In further embodiments, the second active

agent that prevents EGFR dimer formation is cetuximalb, trastuzumab, or panitumumab. In
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further embodiments, the second active agent that prevents EGFR dimer formation is
cetuximab. In an embodiment, the second active agent is an ATP competitive EGFR
inhibitor. In ancther embodiment, the ATP competitive EGFR inhibitor is osimertinib.

In some embodiments, the disclosure provides a compound comprising an allosteric
kinase inhibitor, wherein the compound is less potent than one or more known EGFR
inhibitors, including but not limited o gefitinib, erlotinib, lapatinib, WZ4002, HKI-272, CL-
387785, and osimeriinib, at inhibiting the aclivity of a wild-type EGFR. For example, the
compound can be at least about 2-fold, 3-fold, 5-fold, 10-fold, 25-fold, 50-fold or about 100-
fold less potent (2.q., as measured by 1Csg) than gefitinib, erlotinib, lapatinib, WZ4002, HKI-
272, CL-387785, and osimertinib, at inhibiting the activity of a wild-type EGFR.

In other embodiments, the disclosure provides a compound comprising an allosteric
kinase inhibitor in combination with a second active agent, wherein said second active agent
prevents EGFR dimer formation, wherein the compound in combination with the second
active agent is less potent than one or more known EGFR inhibitors, including but not limited
to gefilinib, erlotinib, lapatinib, WZ4002, HKI-272, CL-387785, and osimertinib, at inhibiting
the activity of a wild-type EGFR. For example, the compound in combination with a second
active agent, wherein said second active agent prevents EGFR dimer formation can be at
least about 2-fold, 3-fold, &-fold, 10-fold, 25-fold, 5C-Told or about 100-fold less potent (e.g.,
as measured by 1Cs0) than gefitinib, erlotinib, lapatinib, WZ4002, HKI-272, CL-387785, and
osimertinib, at inhibiting the activity of a wild-type EGFR. In some embodiments, the second
active agent that prevents EGFR dimer formation is an antibody. In further embodiments, the
second active agent that prevenis EGFR dimer formation is cetuximab, trastuzumab, or
panitumumab. In further embodiments, the second aclive agent that prevents EGFR dimer
formation is cetuximab. In an embodiment, the second active agent is an ATP competitive
EGFR inhibitor. In another embodiment, the ATP competitive EGFR inhibitor is osimertinib.

Potency of the inhibitor can be determined by ECso value. A compound with a lower
ECse value, as determined under substantially similar conditions, is a more potent inhibitor
relative to a compound with a higher ECsy value. In some embodiments, the substantially
similar conditions comprise determining an EGFR-dependent phosphorylation level, in vitro
or in vivo (.g., in 3T3 cells expressing a wild type EGFR, a mutant EGFR, or a fragment of
any thereof).

Potency of the inhibitor can also be determined by 1Cso value. A compound with a
tower ICs value, as determined under substantially similar conditions, is a more potent
inhibitor relative to a compound with a higher 1Cso value. In some embaodiments, the
substantially similar conditions comprise determining an EGFR-dependent phosphorylation
fevel in vitro or in vive {e.q., in 373 cells expressing a wild type EGFR, a mutant EGFR, or a

fragment of any thereof).
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An EGFR sensitizing mutation comprises without limitation L858R, G719S, G719C,
G719A, LB61Q), a deletion in exon 18 and/or an insertion in exon 20. A drug-resistant EGFR
mutant can have without limitation a drug resistance mutation comprising T790M, T854A,
L718Q, C7978, or D781Y.

The selectivity between wild-type EGFR and EGFR containing one or more
mutations as described herein can also be measured using cellular proliferation assays
where cell proliferation is dependent on kinase activity. For example, murine Ba/F3 cells
transfected with a suitable version of wild-type EGFR (such as Vi, containing a WT EGFR
kinase domain), or Ba/F3 cells transfected with LE8SBR/T790M, Del/T790M/L718Q,
LEBSBR/TTOOM/LT 180G, LBSBR/TTIOM/CTEYS, Del/T790M/IC707S, LBSBR/TTO0MAS41IR, or
Exon 19 deletion/T720M can be used. Proliferation assays are performed at a range of
inhibitor concentrations (10 uM, 3 uM, 1.1 uM, 330 nM, 110 nM, 33 nM, 11 nM, 3 nM, | nM)
and an ECso is calculated.

An alternative method to measure effects on EGFR activity is to assay EGFR
phosphorylation. Wild type or mutant (LBS8R/T730M, Del/T720M, Del/T7S0M/L718Q,
LBSBR/T7O0M/CTI7S, DRellT790M/C7975, LBSEBR/T7O0M/I941R, or LB5BR/T7O0MA718Q)
EGFR can be transfected info NiH-3T3 cells (which do not normally express endogenous
EGFR) and the ability of the inhibitor (using concentrations as above) to inhibit EGFR
phosphorylation can be assayed. Cells are exposed o increasing concentrations of inhibitor
for 6 hours and stimulated with EGF for 10 minutes. The effects on EGFR phosphorylation
are assayed by Western Biotling using phospho-specific (Y1088) EGFR antibodies.

in another aspect, the present disclosure relates to a compound that binds {o an
allosteric site in EGFR, whersin the compound exhibits greater than 2-fold, 3-fold, 5-fold, 10-
fold, 25-fold, 50-fold, 100-fold, or 1000-fold inhibition of EGFR containing one or more
mutations as described herein (2.q., L8SBR/T720M, Del/T720M, Del/T7S0M/LT 184G,
LESBR/TTOOM/CTITS, DellT720M/C7973, LBSBR/TTIOM/I941R, or LBSSR/T7IOMAT180)
relative to g wild-type EGFR.

In other embodiments, the disclosure provides a compound that binds to an aliosteric
site in EGFR in combination with a second aclive agent , wherein said second active agent
prevents EGFR dimer formation, wherein the compound in combination with the second
active agent greater than 2-fold, 3-fold, 5-fold, 10-fold, 25-foid, 50-fold, 100-fold, or 1000-
fold inhibition of EGFR containing one or more mutations as described herein (e.g.,
LBS8R/T7O0M, Del/T700M, Del/T790M/L718Q, Del/T790M/C797S,L858R/T7A0M/CTATS,
LBSBR/T7OOM/G41R, or LBSSR/T7SOM/LT18Q) relative to a wild-type EGFR. In some
embodiments, the second active agent that prevents EGFR dimer formation is an antibody.
in further embodiments, the second active agent that prevents EGFR dimer formation is

cetuximab, trastuzumab, or panitumumab. In further embodiments, the second active agent
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that prevents EGFR dimer formation is cetuximab. In an embodiment, the second active
agent is an ATP competitive EGFR inhibitor. In another embodiment, the ATP compstitive
EGFR inhibitor is osimertinib.

In still another aspect, the disclosure provides a method of inhibiting epidermal
growth factor receptor (EGFR), the method comprising administering to a subject in need
thereof an effective amount of a compound of disclosed herein, or a pharmacsutically
acceptable salt thereof. In some embodiments, the method further comprises administering
a second active agent, wherein said second active agent prevents EGFR dimer formation. In
some embodiments, the second active agent that prevents EGFR dimer formation is an
antibody. In further embodiments, the second active agent that prevents EGFR dimer
formation is cetuximab, trastuzumab, or panitumumab. In further embodiments, the second
active agent that prevents EGFR dimer formation is cetuximab. In an embodiment, the
second active agent is an ATP competitive EGFR inhibitor. In another embodiment, the ATP
competitive EGFR inhibitor is osimertinib.

In another aspect, provided hereain is a method of treating or preventing a disease,
the method comprising administering to a subject in need thereof an effective amount of a
compound of disclosed herein, or a pharmaceutically acceptable salt thereof. In some
embodiments, the disease is medialed by a kinase. In {further embodiments, the kinase
comprises a mutated cysteine residus. In further embodiments, the mulated cysteine residue
is located in or near the position equivalent to Cys 787 in EGFR, including such positions in
Jak3, Blk, B, Btk, HERZ (ErbB2), HER4 (ErbB4), itk, Tec, and Txk. In some
smbodiments, the method further comprises adminisiering a second aclive agent, wharein
said second active agent prevents dimer formation of the kinase. In some embodiments, the
sacond active agent that prevents kinase dimer formation is an antibody. In further
embodiments, the second active agent prevents EGFR dimer formation. In further
embodiments, the second active agent that prevents EGFR dimer formation is cetuximab,
trastuzumab, or panitumumab. In further embodiments, the second active agent that
prevents EGFR dimer formation is cetuximab. in an embodiment, the second active agentis
an ATP competitive EGFR inhibitor. In another embodiment, the ATP competitive EGFR
inhibitor is osimertinib.

In some embodiments, the disease is mediated by EGFR {e.g., EGFR plays arole in
the initiation or development of the disease). In some embodiments, the disease is mediated
by a Her-kinase. In further embodimenis, the Her-kinase is HER1, HER2, or HER4.

In certain embodiments, the disease is resistant to a known EGFR inhibitor, including
but not lirmited to, gefitinib, erlotinib, osimertinib, CO-18886, or WZ4002. In certain
embodiments, a diagnostic test is performed o determine if the disease is associated with

an activating mutation in EGFR. In certain embodiments, a diagnostic test is performed to
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determine if the disease is associated with an EGFR harboring an activating mutation and/or
a drug resistance mutation. Activating mutations comprise without limitation L858R, (37188,
G71C, G718A, L718Q, L8610, a deletion in exon 19 and/or an insertion in exon 20. Drug
resistant EGFR mutants can have without limitation a drug resistance mutation comprising
T7S0M, TBB4A, L718Q, C7978, or D761Y. The diagnostic test can comprise sequencing,
pyrosequencing, PCR, RT-PCR, or similar analysis technigues known 1o those of skill in the
art that can detect nucleotide sequences.

In certain embodiments, the disease is cancer or a proliferation disease.

in further embodiments, the disease is lung cancer, colon cancer, breast cancer,
prosiate 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, hepatoceliular carcinoma, papillary renal carcinoma, head and neck
squamous cell carcinoma, leukemias, lymphomas, myelomas, or solid tumors. In further
embodiments, the disease is lung cancer, breast cancer, glioma, squamous cell carcinoma,
or prostate cancer. In still further embodiments, the disease is non-small cell lung cancer.

in certain embodiments, the disease is resistant to a known EGFR inhibitor, including
but not limited to, gefitinib, erictinib, osimertinib, CO-1886, or WZ4002. iIn certain
embodiments, a diagnostic {est is performed {o determineg if the disease is associated with
an activating mutation in EGFR. In certain embodiments, a diagnostic test is performed to
determine if the disease is associated with an EGFR harboring an activaling mutation and/or
a drug resistance mutation. Activating mutations comprise without limitation L858R, 37188,
G710, G7184A, L7180, LB61Q, a deletion in exon 19 and/or an insertion in exon 20. Drug
resistant EGFR mutants can have without limitation a drug resistance mutation comprising
T790M, TBB4A, L718Q, C7973, or D761Y. The diagnostic test can comprise seguencing,
pyrosequencing, PCR, RT-PCR, or similar analysis techniques known to those of skili in the
art that can detect nucleotide sequences.

in yet another aspect, provided herein is @ method of trealing a kinase-mediated
disorder comprising administering to a subject in need thereof an effective amount of a
compound disclosed herein, or a pharmaceutically acceptable salt thereof. in some
embodiments, the compound is an inhibitor of HER1, HERZ, or HER4. In other
ambodiments, the subject is administered an additional therapeutic agent. In other
embodiments, the compound and the additional therapeutic agent are administered
simultaneously or segquentially.

in ancther aspect, the disclosure provides a method of treating a kinase mediatad
disorder, the method comprising administening o a subject in need thereof an effective
amount of a compound of disclosed herein, or a pharmaceutically acceptable salt thereof,

and a second active agent, wherein sald second active agent prevents EGFR dimer
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formation. In some embodiments, the compound is an inhibitor of HER1, HERZ2, or HER4. In
other embodiments, the subject is adminisiered an additional therapeutic agent. In other
embodiments, the compound, the second active agent that prevents EGFR dimer formation,
and the additional therapeutic agent are administered simulianeously or sequentially. In
some embodiments, the second active agent that prevents EGFR dimer formation is an
antibody_ In further embodiments, the second active agent that prevenis EGFR dimer
formation is cetuximab, trastuzumab, or panitumumab. In further embodiments, the second
active agent that prevents EGFR dimer formation is cetuximab. In an embodiment, the
second active agent is an ATP compstitive EGFR inhibitor. In another embodiment, the ATP
competitive EGFR inhibitor is osimertinib.

in other embodiments, the disease is cancer. In further embodiments, 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, hepatoceliular
carcinoma, papillary renal carcinoma, head and neck squamous cell carcinoma, leukemias,
lymphomas, myelomas, or solid tumors. In further embodiments, the disease is lung cancer,
breast cancer, glioma, squamous cell carcinoma, or prostate cancer. In still further
embodiments, the disease is non-small cell iung cancer.

In another aspect, provided herein is a method of treating cancer, wherein the cancer
cell comprises aclivated EGFR, comprising administering to a subject in need thereof an
effective amount of a compound of disclosed herein, or a pharmaceutically acceptable salt
thereof.

in another aspect, provided hereain is g method of treating cancer, wherein the cancer
cell comprises activated EGFR, comprising administering {o a subject in need thereof an
effective amount of a compound of disclosed herein, or a pharmaceutically acceptable salt
thereof and a second active agent, wherein said second active agent prevents EGFR dimer
formation. In some embediments, the second active agent that prevents EGFR dimer
formation is an antibody. In further embodiments, the second active agent that prevents
EGFR dimer formation is cetuximab, trastuzumalb, or panitumumab. In further embodiments,
the second active agent that prevents EGFR dimer formation is cefuximab. In an
ambodiment, the second active agent is an ATP competitive EGFR inhibitor. In another
embodiment, the ATP competitive EGFR inhibitor is osimertinib.

in certain embodiments, the EGFR activation is selectad from mutation of EGFR,
amplification of EGFR, expression of EGFR, and ligand mediated activation of EGFR.

In further embodiments, the mutation of EGFR is selected from G7188, G718C,

G719A, LBBER, LB51Q, an exon 19 deletion mutation, and an exon 20 insertion mutation.
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in still another aspect, provided herein is a method of treating cancer in a subject,
wherein the subject is identified as being in need of EGFR inhibition for the treatment of
cancer, comprising administering to the subject an effective amount of a compound
disclosed herein, or a pharmaceutically acceptable salt thereof.

In certain embodiments, the subject identified as being in need of EGFR inhibition is
resistant to a known EGFR inhibitor, including but not limited to, gefitinib, erlotinib,
osimertinib, CO-1888, or WZ4002. In certain embodiments, a diagnostic test is performed to
determine if the subject has an activating mutation in EGFR. In certain embodiments, a
diagnostic test is performed to determine if the subject has an EGFR harboring an aclivating
mutation and/or a drug resistance mutation. Activating mutations comprise without limitation
L858R, G719S, G718C, G718A, L718Q, L8610, a deletion in exon 19 and/or an insertion in
exon 20. Drug resistant EGFR mutants can have without limitation a drug resistance
mutation comprising T780M, T854A, L718Q, C7878, or 3761Y. The diagnostic test can
comprise sequencing, pyrosequencing, PCR, RT-PCR, or similar analysis techniques known
to those of skill in the art that can detect nucleotide sequences.

In an aspect, provided herein is a method of preventing resistance {0 a known EGFR
inhibitor (including but not limited to gefitinib, erlotinib, osimertinib, CO-1886, or WZ4002} in
a subject, comprising administering to a subject in need thereof an effective amount of a
compound disclosed hersin, or a pharmaceutically acceptable salt thereof

In another aspect, provided herein is a method of preventing resistance 1o a known
EGFR inhibitor (inciuding but not limited to gefilinib, erlotinib, osimertinib, CO-16886, or
WZ4002) in a disease, comprising administering 1o a subject in need therecf an effective
amount of a compound discicsed herein, or a pharmaceutically acceptable salt thereof, and
a second active agent, wherein said second active agent prevents EGFR dimer formation. In
some embodimenis, the second active agent that prevents EGFR dimer formation is an
antivody. In further embodiments, the second active agent that prevents EGFR dimer
formation is cetuximab, trastuzumab, or panitumumab. In further embodiments, the second
active agent that prevents EGFR dimer formation is cetuximab.

in an embodiment of the methods disclosed herein, the subject is a human.

in another aspect, the disclosure provides a compound disclosed herein, or a
pharmaceutically acceptabie salt thereof, for use in the manufacture of a medicament for
treating or preventing a disease in which EGFR plays a role.

In an aspect, provided herein is a method of treating or preventing a condition
selected from the group consisting of autoimmune diseases, inflammatory diseases,
profiferative and hyperproliferative diseases, immunologically-mediated diseases, bone
diseases, metabolic diseases, neurclogical and neurodegenerative diseases, cardiovascular

diseases, hormone related diseases, allergies, asthma, and Alzheimer's disease. In other
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embodiments, said condition is selected from a proliferative disorder and a
neurodegenerative disorder,

One aspect of this disclosure provides compounds that are useful for the treatment of
diseases, disorders, and conditions characterized by excessive or abnormal cell
proliferation. Such diseases include, but are not limited fo, a proliferative or hyperproliferative
disease, and a neurodegenerative disease. Examples of proliferative and hyperproliferative
diseases include, without limitation, cancer. The term "cancer” includes, but is not limited to,
the following cancers: breast, ovary, cervix, prostate, testis, genitourinary tract, esophagus,
larynix, glioblastoma, neurcblastoma, stomach, skin, keratcacanthoma, fung, epidermoid
carcinoma, large cell carcinoma, small cell carcinoms, lung adenccarcinoma, bone, colon,
colorectal, adenoma, pancreas, adenocarcinoma, thyroid, follicular carcinoma,
undifferentiated carcinoma, papillary carcinoma, seminoma, melanoma, sarcoma, bladder
carcinoma, liver carcinoma and biliary passages, kidney carcinoma, myeloid disorders,
lymphoid disorders, Hodgkin's, hairy cells, buccal cavity and pharynx (oral), lip, tongue,
rmouth, pharynx, small intestine, colon, rectum, large intestine, rectum, brain and central
nervous system, chronic myeloid leukemia (CML), and leukemia. The term "cancer”
inciudes, but is not limited to, the following cancers: myeloma, lymphoma, or a cancer
salectad from gastric, renal, head and neck, oropharangeal, non-smali call lung cancer
(NSCLC), endometrial, hepatocarcinoma, non-Hodgkin's lymphoma, and pulmonary.

The term “cancer” refers to any cancer caused by the proliferation of malignant
neoplastic cells, such as tumors, neoplasms, carcinomas, sarcomas, leukemias, lymphomas
and the Hike. For example, cancers includs, but are not limited to, mesothelioma, leukemias
and lymphomas such as cutaneous T-cell lymphomas (CTCL), noncutaneocus peripheral T-
cell iymphomas, lymphomas associated with human T-cell lymphotrophic virus (HTLY) such
as adult T-cell leukemia/lymphoma (ATLL), B-cell lymphoma, acute nonlymphocytic
feukemias, chronic lymphocytic leukemia, chronic myelogenous leukemia, acute
mysiogenous isukemia, lymphomas, and multiple myeloma, nen-Hodgkin lymphoma, acute
lymphatic leukemia (ALL), chronic lymphatic leukemia (CLL), Hodgkin's lymphoma, Burkitt
lymphoma, adult T-cell leukemia lymphoma, acute-myeloid leukemia (AML), chronic myeloid
leukemia (CML), or hepatocellular carcinoma. Further examples include myelodysplastic
syndrome, childhood solid tumors such as brain tumors, neurcblastoma, retinoblastoma,
Wilms' tumor, bone tumors, and soft-fissue sarcomas, common solid tumors of adults such
as head and neck cancers {(e.g., oral, laryngeal, nasopharyngeal and esophageal),
genifourinary cancers {e.g., prostate, bladder, renal, uterine, ovarian, testicular), lung cancer
{2.g., small-cell and non-small call), breast cancer, pancreatic cancer, melanoma and other
skin cancers, stomach cancer, brain tumors, tumors related fo Gorlin syndrome {e.g..

medulioblastoma, meningioma, efc.), and liver cancer. Additional exemplary forms of cancer
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which may be treated by the subject compounds include, but are not limited to, cancer of
skeletal or smooth muscle, stomach cancer, cancer of the small intestine, rectum carcinoma,
cancer of the salivary gland, endometrial cancer, adrenal cancer, anal cancer, rectal cancer,
parathyroid cancer, and pituitary cancer.

Additional cancers that the compounds described herein may be useful in preventing,
treating and studying are, for example, colon carcinoma, familial adenomatous polyposis
carcinoma and hereditary non-polyposis colorecial cancer, or melanoma. Further, cancers
include, but are not limited 1o, labial carcinoma, larynx carcinoma, hypopharynx carcinoma,
tongue carcinoma, salivary gland carcinoma, gastric carcinoma, adenoccarcinoma, thyroid
cancer {medullary and papiliary thyroid carcinoma), renal carcinoma, kidney parenchyma
carcinoma, cervix carcinoma, utering corpus carcinoma, endometrium carcinoma, chorion
carcinoma, testis carcinoma, urinary carcinoma, meianoma, brain fumors such as
glioblastoma, astrocytoma, meningioma, medulioblastoma and peripheral neurcectodermal
tumors, gall bladder carcinoma, bronchial carcinoma, muitiple myeloma, basalioma,
teratoma, retinoblastoma, choroidea melanoma, seminoma, rhabdomyosarcoma,
craniopharyngeoma, ostecsarcoma, chondrosarcoma, myosarcoma, liposarcoma,
fibrosarcoma, Ewing sarcoma, and plasmocytoma. In one aspect of the disclosure, the
present disciosure provides for the use of one or more compounds of the disclosure in the
manufacture of a medicament for the treatment of cancer, including without limitation the
various types of cancer disclosed herein.

In some embodiments, the compounds of this disclosure are useful for freating
cancer, such as colorectal, thyroid, breast, and lung cancer; and myeloproliferative
disorders, such as polycythemia verg, thrombocythemia, myeloid metaplasia with
myelofibrosis, chronic myelogenous leukamia, chronic myelomonocytic leukemia,
hypereosinophilic syndrome, juvenile myeglomonocytic ieukemia, and systemic mast cell
disease. In some embodiments, the compounds of this disclosure are useful for treating
hematopoietic disorders, in particular, acute-myelogenous leukemia (AML), chronic-
myelogenous lsukemia (CML), scute-promyelocytic leukemia, and acute lymphocytic
leukemia (ALL).

The term "cancerous cell” as provided herein, includes a cell affiicted by any one of
the above-identified conditions.

The disclosure further provides a method for the treatment or prevention of cell
proliferative disorders such as hyperplasias, dysplasias and pre-cancerous lesions.
Dysplasia is the earliest form of pre-cancercus lesion recognizable in a biopsy by &
pathologist. The subject compounds may be administered for the purpose of preventing said

hyperplasias, dysplasias, or pre-cancerous lesions from continuing to expand or from
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becoming cancerous. Examples of pre-cancerous lesions may occur in skin, esophageal
tissue, breast and cervical intra-epithelial tissua.

Examples of neurcdegenerative diseases include, without limitation,
adrenoleukodystrophy (ALD), Alexander's disease, Alper's disease, Alzheimer's disease,
amyotrophic lateral sclerosis (Lou Gehrig's Disease), ataxia telangiectasia, Baiten disease
{also known as Spisimeyer-Vogl-Sjogren-Batten disease}, bovine spongiform
encephalopathy (BSE), Canavan disease, Cockayne syndrome, corticobasal degeneration,
Creutzfeldt-Jakob disease, familial fatal insomnia, frontotemporal lobar degeneration,
Huntingion's disease, HiV-associated dementia, Kennedy's disease, Krabbe's disease, Lewy
bedy dementia, neurcborreliosis, Machado-Joseph disease (spinocerebellar ataxia type 3),
multiple system atrophy, multiple sclerosis, narcolepsy, Niemann Pick disease, Parkinson's
disease, Pelizacus-Merzbacher disease, Pick's disease, primary lateral sclerosis, prion
diseases, progressive supranuclear palsy, Refsum’s disease, Sandhoff disease, Schilder's
disease, subacule combined degeneration of spinal cord secondary 1o pernicicus anasmia,
Spielmeyer-Yogt-Sjogren-Batlen disease (also known as Batien disease), spinocerebeliar
ataxia (multiple types with varying characteristics), spinal muscular atrophy, Steele-
Richardson-Olszewski disease, tabes dorsalis, and toxic encephalopathy.

Anocther aspect of this disclosure provides a method for the treatment or lessening
the severity of g disease selected from a proliferative or hyperproliferative disease, ora
neurodegenerative disease, comprising administering an effective amount of a compound, or
a pharmaceutically acceptable composition comprising a compound, to a subject in need
thereof. In other embodiments, the method further comprises adminisiering a second aclive
agent, wherein said second active agent prevenis EGFR dimer formation. In some
embodiments, the second active agent that prevents EGFR dimer formation is an antibody.
in further embodiments, the second aclive agent that prevents EGFR dimer formation is
cetuximab, trastuzumal:, or panitumumab. In further embodiments, the second active agent
that prevents EGFR dimer formation is cetuximab. In an embodiment, the second active
agent is an ATP competitive EGFR inhibitor. in another embodiment, the ATF competitive
EGFR inhibitor is osimertinib.

The activity of the compounds and compositions of the present disclosure as EGFR
kinase inhibitors may be assaved in Vilro, in vivo, of in a cell line. In vilro assays include
assays that determine inhibition of either the kinase activity or ATPase aclivity of the
activated kinase. Alternate in vitro assays quantitate the ability of the inhibitor to bind to the
protein kinase and may be measurad either by radio labelling the inhibitor prior to binding,
isciating the inhibitor/kinase complex and determining the amount of radic label bound, or by

running a competition experiment where new inhibitors are incubated with the kinase bound
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to known radioligands. Detailed conditions for assaying a compound utilized in this
disciosure as an inhibitor of varicus kinases are set forth in the Examples below.

In accordance with the foregoing, the present disclosure further provides a method
for preventing or freating any of the diseases or disorders described above in a subject in
need of such treatment, which method comprises administering o said subject a
therapeutically effective amount of a compound of the disclosure, or a pharmaceutically
acceptable salt thereof, and optionally a second active agent, wherein said second active
agent prevents EGFR dimer formation. For any of the above uses, the required dosage will
vary depending on the mode of administration, the particular condition (¢ be trealed and the
effect desired.

In other embodiments, the compound and the second active agent that prevenis

EGFR dimer formation are administered simultaneously or sequentially.

Administration / Dosages / Formulations

Liguid dosage forms for oral administration include pharmaceutically acceptable
emuisions, microemulsions, solutions, suspansions, syrups and elixirs. in addition to the
active compounds, the liquid dosage forms may contain inert diluents commonly used in the
art such as, for example, water or other soivents, sclubilizing agents and emuilsifiers such as
gthyi aleohol, iscpropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl
benzoate, propylene giveol, 1,3-butylene glycol, dimethyiformamide, oils (in particular,
cottonsead, groundnut, com, germ, olive, castor, and sesame oils), glycerol,
tetrahydrofurfuryl alcohol, polyethylens glycols and fatty acid esters of sorbitan, and mixtures
thereof. Besides inert diluents, the oral compositions can aiso include adjuvants such as
wetting agenis, emulsifying and suspending agents, sweetening, flavoring, and perfuming
agents.

injectable preparations {for example, sterile injectable agqueous or cleaginous
suspensions) may be formulated according 1o the known art using suitable dispersing or
wetling agents and suspending agents. The sterile injectable preparation may also be a
sterile injectable solution, suspension, or emulsion in a nontoxic parenterally acceptable
dituent or solvent, for example, as a solution in 1,3-butanediol. Among the acceptable
vehicles and solvents that may be employed are water, Ringer's solution, U.S.P., and
isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally employed
as a solvent or suspending medium. For this purpose, any bland fixed oil can be employed
including synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid are used
in the preparation of injectables.

In order to prolong the effect of a drug, it is often desirable to slow the absorption of

the drug from subcutaneous or intramuscular injection. This may be accomplished by the
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use of a 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 turn,
may depend upon crystal size and crystalline form. Alternatively, delayed absorption of a
parenterally administered drug form is accomplished by dissolving or suspending the drug in
an oil vehicle.

Cormpaositions for rectal or vaginal administration are preferably suppositeries which
can be prepared by mixing the compounds of this disclosure with suitable non-irritating
excipients or carriers such as cocoa butter, polyethylene glyeol, or a suppository wax which
are solid at ambient temperature but liguid at body temperature and therefore melt in the
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 excipients as lactose or milk sugar as well as high
molecular weight polyethylene glycols and the like.

The aclive compounds can also be in micro-encapsulated form with one or more
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
controlling coatings, and other coatings well known in the pharmaceutical formulating art. In
such solid dosage forms the active compound may be admixed with at least one inert dilusnt
such as sucrose, lactose or starch. Such dosage forms may also comprise, as is normal
practice, additional substances other than inert diluents, e.g., tableting lubricants and other
tableting 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
disclosurg include ointments, pastes, creams, lofions, gels, powders, solutions, sprays,
inhalants or paiches. The active component is admixed under sterile conditions with a
pharmaceutically acceptable carrier and any needed preservatives or buffers as may be
required. Ophthalmic formulation, ear drops, eve cintments, powders and solutions are alse
contemplated as being within the scope of this disclosure,

The ointments, pastes, creams and gels may contain, in addition to an active
compound of this disclosure, excipients such as animal and vegetable fals, oils, waxes,
paraffins, starch, tragacanth, cellulose derivatives, polysthylene glycols, silicones,
bentonites, silicic acid, falc and zinc oxide, or mixtures thereof.

Powders and sprays can contain, in addition fo the compounds of this disclosure,
excipients such as lactose, falc, silicic acid, aluminum hydroxide, calcium silicates and
polyamide powder, or midures of these substances. Sprays can additionally contain

customary propellants such as chiorofluorchydrocarbons.
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Transdermal paiches have the added advantiage 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 medium. Absorption enhancers can also be used to increase the
flux of the compound across the skin. The rate can be controlied by either providing a rate
conirolling membrane or by dispersing the compound in a8 polymer matrix or gel.

According to the methods of realment of the present disclosure, disorders 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 disclosure, in such amounts
and for such time as is necessary (¢ achieve the desired resuit. The term "therapeutically
sffective amount” of 3 compound of the disclosure, as used herein, means a sufficient
amount of the compound so as o decrease the sympioms of a disorder in a subject. As is
well understood in the medical arts a therapeutically effective amount of a compound of this
disciosure will be at a reasonable benefit/risk ratio applicable to any medical treatment.

in general, compounds of the disclosure will be administered in therapeuticaily
effective amounts 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 sffective amount
may vary widely depending on the severify of the disease, the age and relative health of the
subject, the potency of the compound used and other factors. In general, satisfactory resuits
are indicated to be oblained systemically at daily dosages of from about 0.03 10 2.5 mg/kg
per body weight. An indicated daily dosage in the larger mammal, e.g., humans, is in the
range from about 0.5 myg to about 100 mg, conveniently administered, e.g., in divided doses
up to four times a day or in retard form. Suitable unit dosage forms for oral administration
comprise from ¢a. 1 to 50 myg active ingredient

In certain embodiments, a therapeutic amount or dose of the compounds of the
present disclosure may range from about 0.1 mg/Kg to about 500 mg/Kg, alternatively from
about 1 fo about 50 mg/Kg. in general, treatment regimens according to the present
disclosure comprise administration to a patient in need of such treatment from about 10 myg
to about 1000 mg of the compound(s) of this disclosure per day in single or multiple doses.
Therapeutic amounts or doses will also vary depending on route of administration, as well as
the possibility of co-usage with other agents.

Upen improvement of a subject’s condition, a maintenance dose of a compound,
composition or combination of this disclosure may be administered, if necessary.
Subsequently, the dosage or frequency of administration, or both, may be reduced, as a
function of the symptoms, {o a level at which the improved condition is retained; when the
sympioms have been allsviated (o the desired level, freatment should cease. The subject
may, however, require intermitient treatment on a long-term basis upon any recurrence of

disease sympioms.
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it will be understood, however, that the total daily usage of the compounds and
compositions of the present disclosure will be decided by the attending 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 being 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 dist of the patient; the time of administration,
route of administration, and rate of excretion of the specific compound emploved; the
duration of the treatment; drugs used in combination or coincidental with the specific
compound employed; and like factors well known in the medical aris.

The disclosure also provides for a pharmaceutical combination, e.g., & Kit, comprising
ay a first agent which is a compound of the disclosure as disclosed herein, in free form orin
pharmaceutically acceptable sali form, and b) at ieast one co-agent. The kit can comprise
instructions for its administration.

in certain embodiments, these compositions optionally further comprise one or more
additional therapeutic agenis. For example, an agent that prevents EGFR dimer formation,
chemotherapeutic agents or other antiproliferative agents may be combined with the
compounds of this disclosure to treat proliferative diseases and cancer.

Some examples of malerials which can serve as pharmaceutically acceptable
carriers include, but are not limited {o, ion exchangers; alumina; aluminum stearate; lecithin;
serum proteins, such as human serum albumin, buffer substances such as phosphates,
glycine, sorbic acid, or potassium sorbaie; partial glyceride mixtures of saturated vegetable
fatly acids; waler; salts or slectrolytes, such as protamine suifate; disodium hydrogen
phosphate, potassium hydregen phosphate; sodium chloride; zing salis; colioidal silica,
magnesium trisilicate; polyvinvt pyrrolidone; polyacrylates; waxes;
polysthylenepolyoxypropylene-biock polymers, wool fat; sugars such as lactose, glucose
and sucrose; starches such as corn starch and potato starch; cellulose and its derivatives
such as sodium carboxymethyt celiulose, ethyi celiuiose and celiulose acetats, powdered
tragacanth; malt; gelatin; talc; excipients such as cocoa butter and suppository waxes; oiis
such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, com oill, and soybean
oif; glyeols, such a propylene glycol or polyethylene giyeol; esters, such as ethyl cleate and
athyi laurale; agar; buffering agents, such as magnesium hydroxide and aluminum
hydroxide; alginic acid; pyrogen-free water,; isctonic saling; Ringer's solution; ethyl alcohol;
and phosphate buffer solutions. Further, non-toxic compatible lubricants such as sodium
lauryl sulfate and magnesium siearate, as well as coloring agents, releasing agents, coating
agents, swestening, flavoring and perfuming agents, preservatives and antioxidants can also
be present in the composition, according to the judgment of the formulator. The protein

kinase inhibitors or pharmaceutical salis thereof may be formulated info pharmaceutical
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compositions for administration to animals or humans. These pharmaceutical compositions,
which comprise an amount of the protain inhibitor effective to treat or prevent a protein
kinase-mediated condition and a pharmaceutically acceptable carrier, are other

embodiments of the present disclosure.

Kits

In an aspect, provided herein is a kit comprising a compound capable of inhibiting
kinase activity selected from one or more compounds of disclosed herein, or
pharmaceutically acceptabie salls thereof, and instructions for use in treating cancer. in
certain embodiments, the kit further comprises components for performing a fest to
determine whether a subject has activating and/or drug resistance mutations in EGFR.

in another aspect, the disclosure provides a kit comprising a compound capable of
inhibiting EGFR activity selected from a compound disclosed herein, or a pharmaceutically
acceptabie salt thereof.

In another aspect, the disclosure provides a kit comprising a compound capable of
inhibifing kinase activity selected from one or more compounds of disclosed herein, or
pharmaceutically acceptabie salts thereof, a second active agent, wherein said second
active agent prevents EGFR dimer formation; and instructions for use in treating cancer. In
certain embodiments, the kit further comprises components for performing a fest to
determine whether a subject has activating and/or drug resistance mutations in EGFR. In
some embaodiments, the second active agent thai prevents EGFR dimer formation is an
antibody. In further embediments, the second active agent that prevents EGFR dimer
formation s cetuximab, trastuzumab, or panitumumab. In further embodiments, the second
active agent that prevents EGFR dimer formation is cetuximab.

in another aspect, the disclosure provides a kit comprising a compound capable of
inhibiting EGFR activity selected from a compound of disclosed herein, or a
pharmaceutically acceptabie salt thereof and a second active agent, wherein said second
active agent prevents EGFR dimer formation. In some embodiments, the second active
agent that prevents EGFR dimer formation is an antibody. In further embodiments, the
second active agent that prevents EGFR dimer formation is cetuximab, trastuzumab, or
panitumumab. In further embodiments, the second active agent that prevents EGFR dimer
formation is cetuximab. In an embodiment, the second active agent is an ATP competitive
EGFR inhibitor. In another embodiment, the ATP competitive EGFR inhibitor is osimertinib.

EXAMPLES
The disclosure is further illusirated by the following examples and synthesis

schemes, which are not {o be construed as limiting this disclosure in scope or spirit to the

80



10

15

20

25

WO 2020/257632 PCT/US2020/038705

specific procedures herein described. His to be understood that the examples are provided

to Hustrate certain embodiments and that no limitation to the scope of the disclosure is

intended thereby. It is to be further understood that resort may be had to various other

embodiments,

modifications, and equivalents thereof which may suggest themseives fo

those skilled in the art without departing from the spirif of the present disclosure andfor

scope of the appended claims.

Abbreviations
ACN

AcOH

DBU

DCM
DIEA/DIPEA
DMF

DMSO

EDC

ELO

EiCAC
HATU

Hex
HOBE
MeOH
Ohe
TFA
THF

acetonitriie

acetic acid

1,8-diazabicyclof5.4.Qlundec-7-ene
dichloromethane

N N-diisopropyiethylamine

N N-dimethylformamide

dimethyl sulfoxide
1~-ethyl-3-(3-dimethylaminopropyljcarbodiimide
diethy! ether

gthyi acetate
1-[bis{dimethylaminoimethylenel-1H-1,2 3-friazolo[4, 5-blpyridinium 3-oxid
hexafluorophosphate

hexanes

hydroxybenzolriazole

methanol

acetate

trifluoroacetic acid

tetrahydrofuran

61



10

15

20

WO 2020/257632 PCT/US2020/038705

Exampie 1. Preparafion of Compounds of Formula | and intermediates

Compound 001 was prepared following the reaction protocol in Scheme 1.

Scheme 1.
MeQ,C_ _Br I{’N Br
[’/’N Br MeD,C LIOH, H,0  HO,C_ N
N T N N - T
; MeOH, THF
S N Br Mo
/3 7 N ey
A VS 0 T
N7
HATL, 'ProNE Xy PdCldpetz, Na;C04 b
DMF, §0°C W dioxane, Hy0, 108°C

A mixture of 7-bromoguinazolin-4(3H)-one (1.0 g, 4.44 mmol), methyl 2-bromo-2-
phenylacetate (0.92 miL, 467 mmol) and cesium carbonate (2.9 g, 8. 849 mmol) in DMF (3
mbl} was heated to 50°C. After 2 hours, and a further 1 hour, additional portions of methyl 2-
bromo-2-phenylacetate (0.10 mL, 0.51 mmol) were added, and the mixture was stirred for a
further 30 minutes. The reaction mixiure was added to water and extracted with EtOAc. The
organic layer was washed with brine, dried (MgSQ4), filtered and the residue purified by
silica chromatography (0 — 35% EtOAc in Hex) to give the title compound (1.09 g, 66%) as a
white solid. "H NMR (500 MHz, CDCl-oy 5 819 (d, 1H) 7.89 {s, 1H) 7.88 (d, 1H} 7.63 (dd,
1HY 7.47 {m, 3H) 7.38 (m, 2H) 6.74 (s, 1H) 3.88 (s, 3H); MS (m/42): 375.0 [M+17".

24{7-Bromo-4-oxcquinazolin-3(4Hl-vi}-2-phenylacetic acid {Acid 1}

62
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A niixture of methyl 2-(7-bromo-4-oxoquinazolin-3(4H)-yl}-2-phenylacetate (1.08 g,
2.9 mmol) and lithium hydroxide (1.2 g, 29 mmol) was in THF (4 mL), MeOH (4 mL} and
water {4 mL) was stirred for 20 minutes. The organic solvents were removed under reduced
pressure, water was added and the solution acidified with 8N HCI. The resuliing precipitate
was filtered and dried in a vacuum over 1o give the litle compound (0.28 g, 27%) as a white
solid. 'H NMR (500 MHz, ds-DMSQO) § 8.19 (s, 1H) 8.09 (d, 1H) 7.84 (d, 1H) 7.68 (dd, 1H)
7.38 (m, 2H) 7.33 (m, 2H) 7.27 (m, 1H) 6.30 (s, 1H) MS (m/z): 358.9 M+1T".

Compound 001 2-{7-Bromo-4-0xoguinazolin-3{4Hi-vii-2-phenyl-N-{thiazol-2-
yhiacetamide

Diisopropylsthylamine (0.68 mL, 3.9 mmol) was added {o a mixiure of 2-(7-bromo-4-
oxoquinazolin-3(4H)-yh-2-phenylacetic acid (6.28 g, 0.78 mmol) and HATU (0.59 g, 1.6
mmol} in DMF (3 mlL). The reaction mixiure was stirred at 80°C for 2 hours, then poured into
water. The mixture was exiracted with EtOAc, and the organic layer was washed with brine,
dried (MgSQy), filtered and the residue purified by silica chromatography (0 — 50% EtOAc in
Hex) to give the title compound (198 mg, 58%) as a white solid. 'H NMR (500 MMz, ds-
DMSOy & 841 (d, 1H) 7.94 (d, 1H)} 7.87 (s, 1H) 7.77 (dd, 1H} 7.51 (m, 4H) 7.44 (m, 2H) 7.32
{d, 1H) 6.84 (s, 1H); MS (mv2): 442.98 [M+17.

The foliowing compounds in Table 2 were prepared by a similar method to
Compound 001 from the corresponding carboxylic acid and 2-aminothiazole or 2-

aminopyridine.

Tabie 2.

No. Structure / Name miz H NMR (500 Starting material
M+1] MMz, ds-
DMSO) 8

802 443.0 8.29 (d, 1H)
8.03 (dd, 1H)
7.88 (5, 1H)
7.68 (d, 1H)
7.51 (m, 4H)
7.45 (m, 2H)
7.32 (d, 1H)
2-(B-Brome-4-oxoquinazolin- £6.85 (s, 1H)
3{4Hy-yh-2-phenyl-N-{thiazol-2-
yii-acetamide

Br
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Br

2-(6-Bromo-1 —Gxoisoqumoiinn
2(1H)-yh-2-phenyi-N-(thiazol-2-
yh-acetamide

441.8

8.16 (d, 1H)
7.98 (d, 1H)
7.69 (dd, 1H)
7.50 (m, 4H)
7.37 (m, 2H)
7.29 (d, 1H)
6.97 (d, 1H)
8.90 (s, 1H)
6.58 (d, 1H)

804

2-(7-Bromo-1-cxoisoguinoiin-
2{iH)-yh-2-phenyl-N-(thiazol-2-
yi-acetamide

442.0

8.35 (d, 1H)
7.90 (dd, 1H)
7.66 (d, 1H)
7.51 {m, 4H)
7.37 (d, 2H)
7.30 (d, 1H)
6.97 (d, 1H)
8.91 (s, 1H)
863 (d, 1H)

005

~N
L
H

2-(7-Bromo-6-fluore-4-
oxoquinazolin-3(4H)-yh-2-phenyl
N-{thiazol-Z-yacetamide

459.0

CDCl-d 8.04
(s, 1H) 8.03 @,
1H) 8.00 (d,
1H) 7.45 {m,
8H) 7.10 (5.
1H) 7.07 (d,
1H)

006

F

2-(6-Bromo-4-fluore-1-oxo-
isoquinolin-2(tH)-yh~2-phenyl-N-
{thiazol-2-yhacetamide

458.0

CDCl-d 8.35
(dd, 1H) 7.92
{d, 1H) 7.69
(dd, 1H) 7.53
{d, 1H) 7.45
(m, 3H) 7.40
{m, 2H) 7.25

(s, 1H) 7.16 {d,
1H) 7.04 (d,

1H)

007

2-(7-Bromo-1-oxoisequinolin-
2(1H)-yh-2-(3-fluorophenyli-N-
{thiazoi-2-yhacetamide

457 .9

CDChL-08.73
(d, 1H) 7.76
(dd, 1H) 7.62
(d, 1H) 7.40
{m, 2H) 7.34

s, 1H) 7.22 (d,
1H) 7.20 (d,
1H) 7.12 (m,
2H) 7.06 {d,
1H) 6.51 (d,

1H)

008

Br

457 .9

CDCh-d 8.21
(d, 1H) 7.69 (d,
1H) 7.80 (dd,
1H) 7.57 (d,
1H) 7.40 {m,
1H) 7.21 (d.
1H) 7.46 {m,
4H) 7.06 (d,

B4
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2-(6-Bromo-1-oxoisoguinolin-
2(1H)-yh-2-(3-fluorophenyl)-N-
{thiazol-2-yhacetamide

1H) 6.44 (d,
1H)

009

2-(6-Bromo-1-oxophthaiazin-
2{iH)-yh-2-phenyl-N-({thiazol-2-
yiy-aceiamide

443.0

CDCl-d 10.28

(br's, 1H) 8.29

{d, 1H) 8.16 (s,
1H) 7.89 (dd,
1H) 7.85 (d,
1H) 7.57 (m,
2H) 7.42 (m,
3H) 7.38 (d,
1H) 7.13 s,
1H) 6.97 (d,

1H)

010

2-(7-Bromgo-4-oxoquinazolin-
34H)~-y)-2-(3-fluorophenyl)-N-
{thiazol-2-yhacelamide

460,99

8.11 (d, 1H)
8.00 (s, 1H)
7.95 (d, 1H)
7.78 (dd, 1H)
7.55 (m, 1H)
7.52 (d, 1H)
7.33 (m, 3H)
7.28 (d, 1H)
6.81 (s, 1H)

011

i X

L

2-{8-Bromo-4-oxoquinazolin-
3{4H)-yh-2-(3-fluorophenyl)-N-
{thiazol-2-vhacetamide

450.93

8.28 (d, 1H)
8.04 (dd, 1H)
8.01 (s, 1H)
7.67 (d, 1H)
7.54 (m, 1H)
7.51 (d, 1H)
7.32 (m, 3H)
7.28 (d, 1H)
8.82 (s, 1H)

(34

2-(6-Bromo-4-axoquinazolin-
3{4Hh-yi-2-(3-flucrophenyl)-N-
{pyridin-Z-yacetamide

453.03

1.36 (or s,
1H) 8.35 (d,
1H) 8.28 (d,
1H) 8.10 (d,
1H) 8.02 (dd,
1H) 7.91 (s,
1H) 7.83 {m,
1H) 7.86 (d,
1H) 7.55 {m,
1H) 7.32 (m,
3H) 7.47 (m,
1H) 6.94 (s,
1H)

435

2-(7-Bromo-4-fluoro-1-0xo-
isoquinolin-2(1H)-yh-2-phenyl-N-
{thiazol-2-yhacetamids

458.0

8.42 (m, 1H)
8.08 (dd, 1H)
7.76 (d, 1H)
7.51 (m, 5H)
7.41 {m, 2H)
7.31 (d, 1H)
7.08 (d, 1H)
8.90 (s, 1H)

B85
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041 443.0 - o
HC
2-(7-Bromo-1-oxophthalazin-
2{(1H)-yh-2-phenyk-N-(thiazol-2-
yii-acelamide
062 s 44395 18.68 d, 1H)
{’\ 8.65 (dd, 1H)
'\E’A\N 828 (d, 1H)
H 8.18 (s, 1H)
8.04 (dd, 1H)
7.90 (m, 1H)
2-{6-Bromo-4-oxoquinazolin- ;g? gd’ 22}':_?
3{4H)-yh-2-{pyridin-3-y)-N- 31 (m, 2H)
(thiazol-2-yl)-acetarmide 7.31 (brs, TH)
6.83 (s, 1H)
063 s o 460,99 | 8.30 d, 1H)
> 8.05 (dd, 1H)
NP 8.00 (s, 1H)
0 7.68 (d, 1H)
i 7.58 (dd, 1H)
7.52 (d, 1H)
2-(B6-Bromo-4-oxoquinazolin- 7.39 (m, 2H)
3{dH}-yI}-2-(2-fluorophenyi)-N- 7.34 (m, 2H)
{thiazol-2-yhacetamide 741 (s, 1H)

The foliowing compounds in Table 3 were prepared by a similar method to
Compound 001 from the corresponding carboxylic acid and 2-aminothiazole or 2-

aminopyridine.

Table 3.
Number Structure / Name mz H NMR (500 Starting material
IM+1] IMHz, de-DMSQ) &
048 % 4350 | CDCL-d 8.43 (d,
{ 1H) 8.21 (m, 1H)
S 8.15 (, 1H) 7.95
(5, 1H) 7.77 (m,
TH) 7.65 (m, 1H)
7.51 (d, 1H) 7.38
{m, 54 7.01 (m,
2-(6-Bromo-4-oxoquinazolin-3- 1H) 6.83 (5, 1H)
{4H)-yh-2-phenyl-N-(pyridin-2-yb-
acetamide
049 N 4610 |814 (m, 1H) 7.85
{’\EN © 7 \.g/%‘. (5. 1H) 7.52 (m,
S”L\N N A g, 5H) 7.43 (m, 2H)
H \g/\/\ 7.33 (s, 1H) 6.81
' F . 1H)
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2-{6-Bromo-5-fluorc-4-oxo-
quinazolin-3(4H)-yh-Z-phenyi-N-
{thiazol-2-yhacetamide
050 . N 4549 |8.21(d, 1H) 8.01
,\//\f‘ 0 (m, 1H) 7.83 (,
g p N Br 1H) 7.43 (d, 1H)
H 7.38 (m, 8H)y 7.22
{d, 1H) 8.59 (5,
1H) 2.53 (5, 3H)
2-{6-Bromo-2-methyl-4-0x0-
quinazolin-3(4H}-yh-2-phenyi-N-
{thiazol-2-yhaceiamide
051 N Br 4550 -
/4 i
LA
N
H
2-{7-Bromo-2-methyi-4-0xo-
quinazolin-3(4H)-yh-2-phenyl-N-
{thiazol-2-yhacetamide
052 488.5 | CDCh-d 8.71 (d,
1H) 8.07 (5, 1H)
8.04 (dd, 1H) 7.57
{d, 1H) 7.45 (m,
5H) 7.08 (5, 1H)
7.05 d, 1H)
2-{6-lodo-4-oxoquinazolin-3(4H)-
yiy-2-phenyk-N-(thiazok2-yl)-
acetamide

Esters in Table 4 below were prepared by a similar method to ester 1, from the
corresponding starting material and methyl 2-bromo-2-phenylacetate or methyl 2-amino-2-
{3-fluorophenyllacetate.

Table 4.
L ; nvz H NMR (500 . .
Cster Structure / Name (M+1]* | MHz, CDCla-0) 5 Starting material
8.49 (d, 1H) 7.90
(s, 1H) 7.86 (dd,
2 - 1H) 7.59 (d, 1H)
375.0 1y 48 (m, 3m) 7.39
{m, 2H) 6.76 (s,
Methyl 2-(6-bromo-4-oxo- 1H) 3.80 (s, 3H)
quinazolin-3(4k)-yh-2-
phenylacetate
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Methyl 2-(6-bromo-5-fluoro-
4-oxoquinazolin-3(dH)-yh-2-
phenylacstate

3809

7.88 (dd, 1H)

7.85 (s, 1H) 7.47

(m, 3H) 7.40 (dd,

1H) 7.37 (m, 2H)

8.71 (s, 1H) 3.88
(s, 3H)

Ky i i
MBOZCY sy
®

Methyl 2-(6-bromo-2Z-methyl-
4-oxoguinazolin-3(4H)-yh-2-
phenyiacetate

387.0

8.15 (d, 1+) 7.86
{d, 1H) 7.81 (m,
1H) 7.40 (m, 5H)
5.38 (s, 1H) 3.75
(s, 3H) 2.55 (5,
3H)

Ny

MeO.C. N
ERCAEN

Methy! 2-(7-bromo-2-methyl-
4-oxoguinazolin-3(4H)-yh-2-
phenyiacetate

387.0

8.15 (s, 1H) 7.86
(s, 1H) 7.59 (m,
1H) 7.38 (m, 5H)
5.38 (s, 1H) 3.84
(s, 3H) 2.55 (s,
3H)

Methyl 2-(6-bromo-1-0xo-
isoquinalin-2{1H)-yh-2-

374.0

DMSO 8.15 (d,
1H) 7.97 (d, 1H)
7.70 (dd, 1H)
7.45 (m, 5H) 7.16
(d, 1) 6.81 (d,
1H) 8.55 (s, 1H)
3.74 (s, 3H)

phenylacetate

Methyt 2-(7-bromo-1-0x0-
isoguinclin-2{1H)-yh-2-
phenylacetate

3739

DMSO 8.33 (d,

1H) 7.82 (dd, 1H)

7.66 (d, 1H) 7.45

(m, 5H) 7.15 (d,

1H) 8.66 (d, 1H)

8.55 (s, 1H) 3.74
(s, 3H)

&NWBF
o

|
MEOZC\E/ Nr\/\ e
//i.\

E =
Methyl 2-(7-bromo-6-fluoro-
4-oxoguinazolin-3(4k)-yl)-2-
phenylacstate

3910

8.00 (d, 1H) 7.97
(@, 1H) 7.85 (s,
1H) 7.47 (m, 3H)
7.36 (m, 2H) 6.72
(s, 1H) 3.88 (s,
3H)

68
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8.31 (dd, 1H)
7.89 (d, 1H) 7.69
(dd, 1H) 7.47 (m,

8 , 390.0 3H) 7.35 (m, 2H)
O 6.91 (d, 1H) 6.80
N Z {s, 1H) 3.86 (5,
Methyt 2-(B-bromo-4-flucro- 3H)
1-oxeisoquinolin-2(1H}-yh-2-
phenyiacetate
DMSO-ds) 840 ]
MeC.C (m, 1H) 8.08 {m,
16 tH) 7.74 (d, 1H)
390.0 749 (m, 5H) 7.40
(d, 1H) 8.55 (s,
Methyt 2-(7-bromo-4-fluoro- 1) 3.78 (s, 3H)
1-oxoisoguinolin-2{1H)-yh-2-
phenylacetate
~ 8.50 (d, 1H) 7.74
MeO,C N Br (dd, 1H) 7.42 (m
1H) 7.38 d, 1H)
11 ’ 3900 {714 {m, 2H)7.08
(m, 1H) 6.94 (d,
~ F 1H) 6.87 (s, 1H)
Methyl 2-(7-bromo-1-0xo- 6.42 (d, 1H) 3.87
isoquinolin-2(1H)yh-2-(3- {s, 3H)
fluorophenybacetate
8.30 (d, 1H) 7.67
MeQ,C {d, 1H) 7.60 {dd,
1H) 7.42 {m, 1H)
12 390.0 714 (m, 2H) 7.08
{m, 1H) 8.95 (d,
F 1H) 6.86 (s, 1H)
Methyl 2-(B-bromo-1-0x0- 6.37 (d, 1+} 3.88
isoquinofin-2(1H)-y-2-(3- (s, 3H)
fluorophenybhacetaie
NF Br
DMSO 8.42 (s,
1H) 8.25 (d, 1H)
13 8.19 (d, 1H) 8.07
375.0 | (dd, 1H) 7.43 (m,
2H) 7.37 (m, 3H)
Methyl 2-(8-bromo-1-0x0- 6.74 éj;;? 3.70
phthalazin-2(1H}-yD-2- -
phenyacelate
NF DMS0O-ds 8.530 (5,
| 1H) 8.39 (d, 1H)
14 Me0,C._ N Br 8.1 (m, 1H)
372.95 {784 (d, 1H) 7.45
" {m, 2H) 7.38 (m,
| P 3H) 6.76 (5, 1H)

3.71 (s, 3H)
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Methy! 2-(7-bromo-1-0xo-
phthalazin-2(1 H)}-yh-2-
phenylacetate

MeO,C_ N P
V N r,N N Br
= i
15 “ 373.8 N/A HN ” NP
Methyl 2-(7-bromo-4-0xo-
pyridof3,2-dlpyrimidin-3(4H)-
yi-2-phenvlacetats
N
f’/
Me0.C N
(‘/’N Ny
18 374.0 N/A HN | g
Methyl 2-(8-bromo-4-0xo-~
pyridof2, 3-dlpyrimidin-3 (4 H)-
yi2- pheny!acetate
827 (m, 1H) 7.92 E
MeG,C (s, 1H) 7.64 (m, N
17 292 5 1H) 7.47 (m, 3H) “ l =
' 7.35(m, 2H) 8.71 HN s
(s, 1H) 3.88 (s,
3H) >
Methyi 2 (6 bromo-8-fluoro-
4-oxogquinazalin-3(4H)-yh-2-
phenyiacetate
N
f’“
MeQ,C__ N ZaN 8.69 (d, 1H) 8.05
{dd, 1H) 7.90 (5, N
18 O 1H) 7.48 (m, 3H) ©
421.1 HN
7.44 (d, 1H) 7.39 !
~ {m, 2H) B.75 (s, G
Methyl 2-(B-iodo-4-0x0- 1H) 3.83 (s, 3H)
quinazolin-a(4H)-yh-2-
phenviacetate
O 7
i !
Meo)\/N . N
. # F\
\ ]
A | . 373.96 - HN NF B

Methyl 2-(6-bromo-4-0x0-
pyridof3, 2-d]lpyrimidin-3(4H)-
vi-2-phenylacetate
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8.00 (dd, 1H)
7.45 (m, 6H) ~
B 745 (d, 1H) 6.64 HN By
{dd, 1H) 8.50 (s, &

Methyl 2-(7-bromo-8-fluoro- 1H) 3.76 (s, 3H)

1-oxoisoquinolin-2(1H)}-yi-2-

phenviacetate

Scheme 2
O i} (COCH2 g
HOLC Br HO”

fiy NH,OH.HCI

O
O H o
H .
N O x;/’“\a/l\ HN
QO 1 Br i
Q [Cp*RhCH] .

5 3-Bromo-2-fluore-N-hyvdroxybenzamide

¥
HO”

A suspension of 3-bromo-2-flusrobenzoic acid (1g, 4.6 mmel) in DCM (15 mL) at 0
°C was treated with oxalyl chioride (474 ul., 5.5 mmol) dropwise over 2 minutes. DMF (2
10 drops) was added and the reaction mixture was stirred at room temperature for 4 h. Solvent
was removed under reduced pressure {o give crude 3-bromo-2-fluorobenzoyl chioride, which
was used immediately without further purification.
A sclution of the crude 3-bromo-2-fiuorcbenzoy! chioride in EtOAC (10 mL) was
added dropwise to a vigorously stirred suspension of EtOAC (368 mL), water (18 mi), and
15 KoCOs (1.27¢g, 9.2 mmol) at 0 °C. The reaction mixture was stirred overnight at room
temperature. The layers were separated and the aqueous layer was exiracted with EtOAcC (2
x 30 mL). The combined organic extracts were washed with water, dried over Na,S0,,
filtered, and concentrated under reduced pressure ¢ give the title compound (700 mg, 65%).
'H NMR (500 MHz, ds-DMSO) 8 11.10 (s, 1H) 8.33 (5, 1H) 7.83 (m, 1H) 7.53 (m, 1H) 7.24
20 (m, 1H).
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3-Bromo-2-flucro-N-{pivaloyioxvibenzamide

o

H
>/U\ N
Il O/ Il

Pivaloyt chioride (407 ul, 3.3 mmol) was added dropwise {0 g solution of 3-bromo-2-
fluore-N-hydroxybenzamide (700 mg, 3.0 mmol) and DIEA (572 pL, 3.3 mmol} in anhydrous
THF {9 mL)}. The reaction mixiure was stirred for 1 h and then concenirated under reduced
pressure. The residue was dissolved in EtOAc (15 mbL), washed with 1 N HCI (15 mL) and
saturated brine (15 mL), dried over Na:S04, filtered and purified by silica chromatography (0-
85% EtOAc/hexane} to give the title compound (850 mg, 89%). 'H NMR (500 MHz, de-DMSO)
57.93 (m, 1H) 7.64 (m, 1H) 7.30 (m, 1H} 1.22 (s, 9H).

7-Bromo-8-fluorcisoquinglin-1{2H)-one

A mixture of 3-bromo-2-fluoro-AN-(pivaloyloxy)benzamide (318 mg, 1.0 mmol}, penta-
methylcyclopentadienyt rhodium dichloride (6 mg, 0.01 mmol), Cs{CAc) (58 myg 0.3 mmol),
vinyl acetate (131 pl, 1.5 mmol), and methanol (8 mL) was stirred under N, overnight at 45
°C. Additional aliquots of pentamethylcyclopentadienyl rhodium dichloride (8 mg, 0.01 mmol)
and vinyl acetate (131 ub, 1.5 mmol) were added and the reaction was stired at 45 °C for 2
further 48 h. The solvent was removed under reduced prassure and the residue was
triturated with 10 mi of 10% MeOH in ELO. The solid was collected and purified by reverse
phase HPLC siuting with 0-80% ACN/H0 (0.038 % TFA modifier) to give the title compound
(116 mg, 48%). 'H NMR (500 MHz, de-DMSO) & 11.41 (br s, 1H) 7.93 (dd, 1H) 7.45 (d, 1H)
7.24 (d, 1H) 8.56 (dd, 1H).

Methyl 2-amino-2-{3-flucrephenvilacetate
MeO,C. _ NH;

o

Thionyi chioride {(7.72 mil, C.106 mol) was added dropwise {0 a mixiure of Z-amino-2-

(3-fluorophenyliacetic acid (6.0 g, 0.035 mol} in methano! (100 mL) at 0°C. The reaction was
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stirred at room temperature for 30 minutes, then at 80°C for 16 hours. The solvents were
removed under reduced pressure, and the residus was dissolved in EICAc (150 mL). The
organic layer was washed with saturaied brine and saiurated NaHCO;, dried (NaxS04) and
concentrated to give the title compound, used without further purification (8.49 g). '"H NMR

(500 MHz, de-DMSO) 8 7.35 (m, 1H) 7.20 (d, 1H) 7.15 (d, 1H) 7.03 (m, 1H) 3.74 (s, 3H).

Ester 19: Methyl 2-{7-bromo-4-oxoquinazolin-3idHi-vii-2-{3-fluorophenviiacelate

DBU (1.00 mL, 6.66 mmol) and HATU (2.53 g, 6.66 mmol) were added to a mixture
of 7-bromoguinazolin-4(3H)-one (1.00 g, 4.44 mmol) and methyl 2-amino-2-(3-
fluorophenyllacetate (977 mg, 5.33 mmol) in CH3CN (20 mL) and the reaction was stirred at
60 °C for 18 hours. The reaction mixture was diluted with EtOAc (100 mL) and washed with
sat. NH,Cl solution. The organic layer was dried (Na,850;) and the residue purified by silica
chromatography (0-5% MeQH in DCM) to give the title compound (517 mg, 30%). 'H NMR
(500 MHz, de-DMB0)Y 8 8.37 (s, 1H) 810 (d, 1H) 7.85 (d, 1H) 7.77 (dd, 1H) 7.47 (m, 1H) 7.43
{m, 1H) 7.36 (d, 1H) 7.28 {m, 1H) 8.58 (s, 1H); MS (m/z): 392.97 [M+17*.

Esters 20, C, and D in Table 5 were prepared by a similar method to ester 19, from

8-bromoguinazolin-4({3H}-one and methyl 2-amino-2-(3-flucrophenyhacetate.

Table 5.
Ester Structure / Name m/z NMR 'H NMR Starting
[M+1] 1 (500 MHz, CDCls- materials
d) d

20 N 390.99 | 8.38(d, 1H) 7.87 N
~ (5. 1H) 7.79 @, | §
MeO,C. N - 1H) 7.56 (d, 1H) Br

7.38 (m, 1H) 7.09

(m, 2H) 7.02 (m, and
1H) 6.88 (s, 1H) MeC,C_ NH,
F 3.82 (5, 3H)
Methyl 2-(B-bromo-4-oxo- ! =
quinazolin-3(4H)-yh-2-(3-fluoro- P

phenyhacelate




10

15

WO 2020/257632 PCT/US2020/038705

c o V“N o 37593 | CDCL 8.71 (m, N
P 2H) 845 (d, 1H) | .\
MeO” \g’ Br 8.01 (s, 1H) 8.18 Br
N (s, 1H) 7.87 (dd,
N P 1H) 7.85 (d, 1H) and
al)., {4
Methy! 2-(B-bromo-4-oxo- Z&ﬁo & %H;?)?'é@ Me0:0 Mz
yhacetate ' ’ A
\‘::;‘/
D o f.N 42500 {8.32(s, 1H) 8.15 f’N N
N @d, 1 750m | 1 ]
E1O i Br 2H) 7.41 (m, 1H) & Br
o F 7.36 (d, 1H) 7.29 F
{m, 1H) 6.54 (s, and
s 1H) 4.26 (g, 2H) EtO,C.NH;
Ethyl 2-{8-bromo-5-fluoro-4-oxo- 1.19 {4, 3H)
quinazolin-3(dkH)-yh-2-(3-fluoro-
phenyliacetate .

7-Bromo-2-methvi-d4H-benzoldil1,3loxazin-4-one

A mixture of 2-amino-4-bromobenzoic acid {(1.50g, .94 mmol) and acetic anhydride
{(1G mL, 108 mmol) was heatad to refiux for 3 hours. The reaction mixiure was cooled and
the resulting solid was filtered, washed with 2 mlL of acetic anhydride and dried to give the
title compound (750 mg, 45%;).

7-Bromo-2-methviguinazolin-4{3Hj-one

A mixture of 7-bromo-2-methyl-dH-benzo[d][1,3loxazin-4-one (500 mg, 2.08 mmol)
and 30% agqueous ammonia (8 mL) was heated to 80°C for 2 hours in a sealed pressure
tube, After cooling to room temperature, the solid was filtered, washed with water, and dried
to give the title compound (240 mg, 47%). 'H NMR (500 MHz, DMSO-ds) 8 ppm 7.98 (d, 1H)
7.78 (d, 1H) 7.82 (m, 1H) 2.36 (s, 3H); M3 (m/z): 238.9 [M+17".
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Schame 3.
B H,N B < AN N
- 3 i I ¢ v
I KNQ3 OQN Br Sﬂc‘z, HC iy =1) jj\ i il i
Y o H7NH, HN_ i e
o c.H30 y - 100°C o e \g/\/\
HO,C F 294 HO,C F HO, F PP

4-Bromo-S-fluore-2-nitrobenzoic acid
OzN . Br

Potassium nitrate (8.69 g, 96 mmol) was addead in portions to a solution of 4-bromo-

3-fluorobenzoic acid (20.0 g, 91 mmol) in concenirated sulfuric acid (V0 mL}. The reaction
sotution was stirred for 3 hours, then poured carefully onto 250 mib of crushed ice. The
mixiure was stirred for 10 minutes, filtered, washed with water and dried ¢ give the title
compound {21 g, 87%). 'H NMR (500 MHz, DMSO-ds) 5 ppm 8.51 {d, 1 H) 7.90 (m, 1 H).

2-Amino-4-bromo-5-flucrobenzoic acid
HoN Br
HOQCD[F

Stannous chioride dihydrate (24 g, 107 mmol) was added to a suspension of 4-

bromo-5-flucro-2-nitrobenzoic acid (8.4 g, 35.6 mmol) in 6N HCI {140 mb). The mixture was
stirred at 100°C for 3 hours then cooled. The resulting solid was filtered, washed with water
and dried to give the title compound (7.68 g, 92%). 'H NMR (500 MHz, DMSO-ds) § ppm
7.50 (d, 1H) 7.09 (d, 1H); MS (mv/z): 233.9 [M+1]"

7-Bromo-8-flucroguinazolin-4{3H-one

A mixture of 2-amino-4-bromo-5-flucrobenzoic acid (4.6 g, 20 mmol) and formamide
{23 mL) was heated at 160°C for 8 hours under nitrogen. The mixture was cooled and
poured into ~200 ml of ice water, The solid was filtered, washed with water and dried o
give the title compound (3.44g, 71%). TH NMR {500 MHz, DMSO-ds) s ppm 812 (d, 1 H)
8.06 (d, 1 Hy7.91(d, 1H); M8 (m/z). 242.9 [M+1}".
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g-Bromo-8-flucroguinazolin-4(3H}-one

A mixture of B-amino-3-bromo-2-fluorobenzoic acid (500 mg, 2.1 mmol) and
formarmnide (10 mL) was heated at 180°C for 8§ hours. Afier cooling, the reaction mixture was
added to 1006 mb of water. The solid was fillered, washed with water and dried 1o give the title
compound (250 mg, 48%). "H NMR (500 MHz, CDCl;-d) 5 ppm 8.05 (s, 1H) 7.93 (dd, 1H) 7.49
(dd, 1H). MS (m/z): 242.9 M+

8-Bromo-4-flucroisoguinolin-1{2Hi-one

A mixture of 6-bromoisoguinolin-1{2H)-one (365 mg, 1.83 mmol), 1-chioromethyl-4-
fluoro-1 4-diazoniabicyclo]2 2 2Joctane bis(tefrafluoroborate) [Selectfluor] (576 mg, 1.63
mmol}, and dimethylacetamide (3.5 ml) was heated in a microwave for 15 minutes at 150°C.
This was repeated three more times. The four runs were combined and partitioned between
ECAc (100 mbL) and water (100 mL). The aqueous layer was extracted with EtQAc (2 x 100
mb), and the combined organic extracts were washed with brine, dried (Na:50,) and
concentrated, and the residue was purified by silica chrormatography (0-50% EiDAc in Hex)
to give the title compound (230 mg, 25%). *H NMR (500 MHz, DMSO-ds) & ppm 11.30 (br s,
THY812dd, 1 HY 7.891 (d 1 H) 7.78(dd, 1 H) 7.47 (m, 1 H); MS (m/4): 241.8 [M+1]*.

7-Bromo-4-fluorcisoguinclin-1{2i)-one

7~Bromo-4-flucrcisoguinolin-1(2H)-one was prepared according to a similar
procedure to 8-bromo-4-fluoroisoquinolin-1(2H)-one from 7-bromoisoquinelin-1(2H)-one, H
NMR (500 MHz, DMSO-ds) 6 ppm 8.30 (m, 1H) 8.01 {m, 1H) 7.71 {d, 1H) 7.48 (d, 1H).
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3.8-Dibromoiscbenzofuran-1{3H}-one

Br

A mixture of 8-bromoisobenzofuran-1(3H)-one (1.0 g, 4.68 mmol), N-
bromosuccinimide {858 my, 5.38 mmol), and chiorcform (25 mL) was healed at reflux for 2.5
hiours, After cooling, the reaction was quenched with saturated agusous NaHCO; (25 mi).
The organic phase was washed with watler and brine, dried (Na,S04) and concentrated, and
the residue was purified by silica chromatography (5-10% EtOAc in Hex) to give the title
compound {350 mg, 26%). 'H NMR (500 MHz, CDCI3-d) 8 ppm 7.99 (d, 1H) 7.83 (m, 1H)
7.44 (d, 1H) 7.29 (s, 1H).

7-Bromophthalazin-1{2H)-one

A mixiure of 3 6-dbromoischenzofuran-1(3H}-one {350 mg, 1.2 mmol) and
hydroxylamine hydrate (300 ul, 8 mmol) in ethano! (15 ml} was heaied to reflux for 1.5 hours.
After cooling to room temperature, 20 mb of ice water was added. The resulting precipitate
was filtered, washed with waler, and dried to give the title compound {250 mg, 93%). 'H NMR
(500 MHz, DMSO-de} & ppm 8.40 (s, 1H) 8.32 {d, 1H) 8.13 {m, 1H) 7.92 (d, 1H}; MS (m/z):
224.9 [M+11".

Acids 2-17, A, and B in Table 6 were prepared by a similar method to Acid 1, from

the corresponding methyl ester.

Table 6.
Acid Structure / Name vz M+ H NMR (500 M-z, de-DMSO)
5
2 /N 360.9 828 (d, 1H) 815 (5, 1H)} 8.02
~ (dd. 1H) 785 (d, 1H) 7.51 (m,

Br 2H) 7.45 (m, 3H) 6.50 (s, 1H)

~4
~4
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2-(6-Bromo-4-oxoquinazolin-3(4H)-

yh-2-phenyl-acstic acid
N

376.9 8.13 (m, 2H) 7.52 (m, 2H)
7.47 (m, 4H) 8.47 (5, 1H)
2-(6-Bromo-5-fluorc-4-oxo-
quinazolin-3(4H)-yh-2-phenylacetic
acid
372.95 822 (d, 1H) 8.00(m, 1H)
7.61 (d, 1H) 7.43 (m, 2H}
HO,C 7.34 (m, 3H)6.42 (s, 1H) 2.56
{5, 3H)
2-(8-Bromg-2-methyi-4-0x0-
quinazolin-3(4H)-yh-2-phenylacstic
acid
373.0 -
HO,C,
2-(7-Bromo-2-methyi-4-ox0-
guinazolin-3(4H)-yh-2-phenylacstic
acid
350.9 8.16 (d, 1H) 7.95 (d, 1H) 7.69
(dd, 1H) 7.44 (m, SH) 7.14 (d,
HO,C 1H) 6.58 (d, 1H) 6.53 (5, 1H)
2-(8-Bromo-~1-oxoisoquinolin-2-
(1 H)-yD-2-phenvl-acetic acid
: 359.9 8.34 (d, 1H} 7.89 (dd, 1H)
7.64 (d, 1H) 7.44 (m, 5H) 7.12
Br {d, 1H} 6.62 (d, 1H) 6.53 (s,
1H)
2~(7-Bromo-1~oxoisoquinolin-2-
{1H)-yi)-2~-phenyl-acetic acid
N Br 377.0 -

2-(7-Bromo-8-fluoro-4-oxo-
quinazalin-3{(4H)-yh-2-phenylacetic
acid
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9 376.0 8.22 (dd, 1H) 7.85{, 1H)
7.85 (dd, 1H) 7.47 (m, 5H)
7.32(d, 1H) 8.52 (s, 1H)
HOLC
2-6-Bromo-4-fluore-1-ox0-
isoquinolin-2{1H)-yh-2-phenyl-
acelic acid
10 375.9 841 (m, 1H) 8.07 (m, 1H)
7.74 (d, 1H) 7.48 (m, 5H)
7.32(d, 1H)8.53 5, 1H)
HO,C
2-(7-Bromo-4-fluoro-1-oxo-
isoquinolin-2(1H)-yh-2-phenyl-
acetic acid
11 376.0 8.33 (d, 1H) 7.90 {dd, 1H}
7.66 (d, 1H) 7.48 (m, 1H) 7.33
HOC. N (m, TH) 7.28 (d, 2H) 7.25 (m,
1H) 8.66 (d, 1H) 8.50 (s, 1H)
F
2-(7-Bromo-1-oxoisoquinslin-
2(1H)-yh-2-(3-flucrophenyhacetic
acid
12 376.0 314 (d, 1H) 7.96 (d, 1H) 768
dd, 1H) 7.48 (m, 1H) 7.33 (m,
HOLC 1H) 7.26 (m, 3H) 8.61 (d, 1H)
€.50 (5, 1)
F
2-(6-Bromo-1~oxoisoguinolin-
2{(1H)-yh)-2-(3-fluorophenyhacetic
acid
13 N 360.9 8.40 (5, 1H) 8.24 (d, 1H)} 8.19
| (d, 1H) 8.06 (dd, 1H) 7.44 (m,
HOC N 2H) 7.36 (m, 3H) 6.64 (s, 1H)
2~(6-Bromo-1~-oxophthalazin-
2(1H)-yi)-2-phenyl-acetic acid
14 ' 360.9 8.47 (5, 1H) 8.39 d, 1H) 8.17

2-(7-Bromo-~1-oxophthalazin-
2(1H)-yh-Z-phenvi-acetic acid

(m, 1H) 7.92 (d, 1H) 7.45 (m,
2H) 7.36 (m, 3H) 6.86 (s, 1H)
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18 378.92 -
HO,G
2-{7-Bromo-4-oxoquinazolin-3(4H)-
vi-2-(3-fluorc-phenyhacetic acid
16 N ‘ : 378.92 -
Br
2-(6-Bromo-4-oxogquinazolin-3(4H)-
yh-2-(3-fluoro-phenyhacetic acid
17 N 407 .0 8.47 (d, 1H) 816 (dd, 1H)
8.14 (5, 1H) 7.52 (m, 2H) 749
{d, TH) 7.45 (m, 3H) 6.50 (s,
1H)
2-(8-lodo-~-4-oxoquinazolin-3{4H)-
yh~2-phenylacstic acid
A N 359.92 -
2-(6-Bromo-4-oxogquinazolin-3(4H)-
yh-2-{pyridin-3-yhacetic acid
8 376.89 -

2-(8-Bromo-4-oxoquinazolin-3(4H)-
yh-2-(2-fluorophenyhacetic acid

80
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Compound 012: 24{7-{4-{1-Methvipiperidin-4-vhiphenyil-4d-oxoquinazolin-3{4Hi-yi}-2-

phenyi-N-{thiazol-Z-yllacetamide

~N
i
H

A mixture of 2~(7~bmm0~4-0inazoiin-3(4H)—yE)—2uphenyE-N~(thiazolu2w
5  yhacetamide (70 mg, 0.16 mmol), 1-methyl-4-{4-(4,4,5,5-tetramethyi-1,3, 2-dioxaboroian-2-
viiphenyh-piperidine (72 mg, 0.24 mmol}, Pd{dppfCla. DCM (28 mg, 0.03 mmol) and sodium
carbonate (50 mg, 0.48 mmol) was stirred in dioxane:water (4:1, 3.5 mL) at 100°C for 3

hours. The reaction mixture was filtered and purified by reverse phase HPLC, eluting with 0-

80% ACN/water, to give the title compound (21 mg, 25%). 'H NMR (500 MHz, ds-DMSO) §
10 939 (brs, 1H) 8.26 (d, 1H) 7.95 (d, 1H) 7.92 (dd, 1H) 7.87 (s, 1H) 7.83 (d, 2H} 7.52 (m, 4H)

7.45 (m, 2H) 7 40 (d, 2H) 7.32 (d, 1H) 6.89 (s, 1H) 3.54 {d, 2H) 3.10 {m, 2H) 2.88 (m, 1H)

18

2.83 (d, 3H) 2.07 (d, 2H) 1.86 (m, 2H): MS (m/&): 539.2 [M+1]

The following compounds were prepared by a similar method to Compound 812 from

the corresponding starting materials.

Table 7.
No. Structure / Name miz 'H NMR (500 MHz, do- | Starting materials
M1 DM30) 3
013 5372 8.20 (d, 1H) 7.88 (m, Compound 001
2H) 7.84 (s, 1H) 7.74 (d, and
2H) 7.52 (m, 4H) 7.45
{m, 2H) 7.32 (d, 1H) Q“Z
7.08(d, 2H)6.88 (s, 1H) | o f\l
2 66(m, 4H) 2.37 (br s, N
P 3H) 4 protons masked LN
- . ) by waler peak
2-{7-(4-{4-Methyipiperazin-1-y-
phenyl-4-oxoguinazolin-3(4H)-yh-2-
phenyl-N-thiazol-2-yhacetamide
014 N 538.2 | 9.31 (brs, 1H) 8.40 (d, | Compound 002
1H) 8.19 (dd, 1H) 7.85 and
(s, 1H) 7.79 (d, 1H) 7.78
~ (d, 2H) 7.51 (m, 4H) ,i;g
P N 7.46 (m, 2H) 7.40 (d. A
2-(B-(4-{1-Methylpiperidin-4-yl)- 2H), 7.32 (d, 1H) &.89 N
phenyl-4-oxoquinazolin-3(4H)-yh-2- {5, 1H) 3.54 (d, 2H) 3.10 (NN
phenyl-N-(thiazol-2-yDacetamide (m, 2H) 2.87 (m, 1H)
2.83 (d, 3H) 2.08 (d, 2H)
1.86 (m, 2H)

81
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015 N 0 537.2 | 980 (brs, tH)8.35(d, | Compound 002
{/u\ . 1H) 8.17 (dd, 1H) 7.82 and
5N (s, 1H) 7.75 (d, 1H) 7.73
(d, 2H) 7.51 (m, 4H) >?L

! 7.46 (m, 2H) 7.32 (d, o-® Q
2-(B-(4-{d-Methylpiperazin-1-y}- 1H) 7.15 (d, 2H) 6.88 (s, N/\
phenyl-4-oxoquinazolin-3(4H)-yi-2- 1H) 3.97 (d, 2H) 3.53 d,
phenyl-N-{thiazol-2-yl)acetamide 2H) 3.18 (m, 2H) 3.03

(m, 2H) 2.88 (d, 3H)
038 ﬂ o / \,;/ 5303 | 1137 (5, 1H) 9.33 (brs, | Compound 048

LA 1H) 8.41 (d, 1H) 8.35 and

N ﬁ”\" YT (dd, 1H) 8.19 (dd, 1H)

N AN 8.13 (d, 1H) 7.84 (m, ;

g N 1H) 7.80 (m, 4H) 7.50 B \’)\
2-(6-(4-(1-Methylpiperidin-4-yl)- {m, 5H) 7.40 (d, 2H)
phenyl)-4-oxoquinazolin-3(4H)-yh-2- 7.7 {m, 1H) 7.01 (s, \, -
phenyl-N-(pyridin-2-ylacetamide 1H) 3.55 (d, 2H) 3.11

(m, 2H) 2.88 (m, 1H)
2.85 (d, 3H) 2.08 (d, 2H)
1.87 (m, 2H)
039 @ o | \ 531.3 11&68(%?1 i—:j) 3358@;; Compound 048

LR »8.37 (d, 1H) 8. and
R WY TS {dd, 1H) 8.16 (dd, 1H) | .

Ny F N 813 (d, 1H) 7.84 (m, 2

g L_n, 1H) 7.78 (s, 1H) 7.74 (d, |7 o™ \L
2-(B-(4-(4-Methylpiperazin-1-yl)- 1H) 7.73 d, 2r) 7.50 PN
phenyl)-4-oxoquinazolin-3(4H)-yh-2- (m, SH) 7.17 (m, 1H) SN
phenyl-N-(pyridin-2-yhacetarnide 7.6 (d, 2H) 7.00 (s, 1H)

3.08 (d, 2H) 3.55 (d, 2H)
3.19 (m, 2H) 3.04 (m,
2H) 2.88 (d, 3H)
044 550.2 | 923 (brs, 1H) 8.25(d, | Compound 050
1H) 8.10 (dd, 1H) 7.70 and
(d, 2H) 7.68 (d, 1H) 7.36
, (@, 1H) 7.31 (m, 5H)

A \Gs 7.4 (d, 1H) 6.53 (s, 1H)
2-(2-Methyl-8-(4-(1-methylpiperidin-4- 3.46 (d, 2H) 3.02 (m,
yhphenyl)-4-oxoquinazolin-3(4H)-yi-2- 2H) 2.79 (m, 1H} 2.76

phenyl-N-(thiazol-2-ylacetamide {d. 3H) 2.48 (5, 3H) 1.99
(d, 2H) 1.77 (m, 2H)
045 o \1/ 5512 | 9.84 {(brs, 1H) 8.20 (d,
{:1\ 1H) 8.00 (dd, 1H) 7.85
BIJ\L::L (d, 2H) 7.64 (d, 1H) 7.35
# ‘N/\ (d, 1H) 7.31 (m, 5H)
7.14 (d, 1H) 7.04 (d, 2H)
2-(2- Methyi -6-(4-(4- meihyiplperdzm 3- 6.52 (s, TH) 3.88 (d, 2H)
yhphenylj-4-oxoguinazolin-3(4H)-yi-2- 3.48 (d, 2H) 3.10 (m,
phenyl-N-@thiazol-2-yl-acetamide 2H) 2.94 (m, 2H) 2.80
(d, 3H) 2.48 (s, 3H)
016 5352 | 933 {brs, 1H) 832, | Compound 003
1H) 7.95 (d, 1H) 7.85 and
(dd, 1H) 7.80 (d, 2H)
7.51 (m, 4H) 7.38 (m, >2;§
4H) 7.30 (d, 1H) .95 (, P
1H) 6.94 (s, 1H) 6.86 (d, \”JW
1H) 3.54 (d, 2H) 3.10 N
o (m, 2H) 2.88 (m, 1H) ‘
2-(6—(4-(1-Meihyipa;_;enc_ﬁm%—yi)- 2.83 (d, 3H) 2.08 {d, 2H)
phenyi)—’i-oxp:sequmgim-:&("i H)—yi)—z— 1.86 (m, 2H)
phenyl-N-(thiazol-2-yhacetamide

82
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017

r/\l,?j/
2N |\= =
gﬁf'\N,ﬂ\ N P

H

2-{6-(4-{4-Methyipiperazin-1-y-
phenyl)~1-oxoisoquinolin-2 {1 H)-y-2-
phenyl-N-(thiazol-2-yhacetamide

536.2

8.72 (br s, 1H) 8.27 (d,
1H) 7.92 (d, 1H) 7.84
(dd, 1H) 7.76 (d, 2H)
7.51 (m, 4H) 7.38 (d,

2H) 7.30 (d, 1H) 7.14 (4,

2H) 6.93 (s, 1H) 6.92 (d,

1H) 6.64 (d, 1H) 3.98 (d,
2H) 3.52 (d, 2H) 3.18
(m, 2H) 3.93 (m, 2H)

2.88 (d, 3H)

Compound 003
and

Sg
o~8\(\
’ \AN/\
I\\/N\

018

(\{? o] ~ i \i
S/‘*\E ,N Lv/—,"-i\\(i/j
Lz
&

2-(7-(4-(1-Methylpiperidin-4-yl)-
phenyh-1-oxcisoquinolin-2{1 H)-y)-2-
phenyl-N-(thiazol-2-ylacetamide

™~

5354

9.30 (br s, 1H) 8.48 (d,
1H) 8.06 (dd, 1H) 7.76
., 3H) 7.51 (m, 4H)
7.38 (m, 4H) 7.30 (d,
1H) 6.94 (s, 1H) 6.93 (d,
1H) 6.65 (d, 1H) 3.54 (d,
2H) 3.10 (m, 2H) 2.87
(m, 1H) 2.83 (d, 3H)
2.08 (d, 2H) 1.8 (m,
2H)

Compound 004
and

018

2-(7-(4-{4-Methyipiperazin-1-yi)-
phenyl-1-oxoisoquinolin-2(1H)-yh-2-
phenyl-N-(thiazol-2-yhacetamide

536.4

966 (br s, 1H) 8.44 (@,
1H) 8.04 (dd, 1H) 7.72
(d, 1H) 7.71 (d, 2H) 7.51
(m, 4H) 7.39 (m, 2H)
7.29 (d, 1H) 7.15 (d, 2H)
6.92 (s, 1H) 6.91 d, 1H)
6.83 (d, 1H) 3.96 (d, 2H)
3.54 (d, 2H) 3.18 (m,
2H) 3.03 (m, 2H) 2.88
(d, 3H)

Compound 004
and

*]
-8
O WN

N N -

{20

2-(B-Fluoro-7-(4-(1-methyipiperidin-4-
yhiphenyh-4-oxoquinazolin-3(4H)-yh-2-
phenyl-N-{thiazol-2-yhacetamide

554.2

945 (br s, 1H) 7.92 (@,
1H) 7.79 (s, 1H) 7.78 (d,
1H) 7.58 (d, 2H) 7.48
(m, 4H) 7.38 (d, 2H)
7.35 (d, 2H) 7.28 {d, 1H)
6.82 (s, 1H) 3.48 [, 2H)
3.04 (m, 2H) 2.82 (m,
1H) 2.77 (d, 3H) 2.00 (@,
2H) 1.82 (m, 2H)

Compound 005

and
e
K%L./\

21

2-(6-Fluoro-7-(4-{4-methylpiperazin-1-
yiyphenyl)-4~-oxoguinazolin-3{dH)-yi-2-
phenyl-N-(thiazol-2-yacetamide

5552

8.81 (brs, 1H) 7.95 (d,
1H) 7.85 (5. 1H) 7.83 (d,
1H) 7.62 (d, 2H) 7.52
(m, 4H) 7.45 (m, 2H)
7.33 (d, 1H) 7.16 (d, 2H)
6.89 (s, 1H) 4.01 {d, 2H)
3.54 (d, 2H) 3.18 (m,
2H) 3.07 (m, 2H) 2.88
(s, 3H)

Compound 005
and

022

553.4

9.46 (br s, 1H) 8.39 (ad,
1H) 8.01 (d, 1H) 7.98 (d,
1H) 7.85 (d, 2H) 7.52
(m, 4H) 7.41 (m, 4H)
7.31 (d, 1H) 7.04 (d, 1H)
6.94 (s, 1H) 3.55 d, 2H)
3.10 (m, 2H) 2.9 (m,

Compound 008
and
N

~0
S& TN
O

83




WO 2020/257632

PCT/US2020/038705

2-{4-Fluoro-6-(4-(1-methylpiperidin-4- 1H) 2.85 (d, 3H) 2.07 (d,
yhiphenyh-1-moisoquinolin-2(1H}-yh- 2H) 1.89 (m, 2H)
Z-phenyi-N-(thiazol-2-ydacetamide
023 N7 15542 | 9.90 (brs, 1H) 8.34 (dd, | Compound 006
N 1H) 7.99 (dd, 1H) 7.93 and
i (d, 1H) 7.81 (d, 1H) 7.52 \;L
(m, 4H) 7.40 (m, 2H) 2

7.31(d, 1H) 7.18 (d, 1H) CL

7.01 (d, 1H) 6.93 (s, 1H) N/

4.00 (d, 2H) 3.55 (d, 2H)

‘ _ _ 319 (m, 2H) 3.06 (m,
2-{4-Fluoro-6-(4-(4-methyipiperazin-1- ZH) 2.88 (s, 3H)
ylyphenyl)-1-oxoisoquinolin-2(1H}-yh-

Z-phenyﬁuN—(ihiazoﬁ~2~yi)~acetamide
036 553.3 | 943 {(brs, 1H) 853 (s, | Compound 035
a 1H) 8.22 (d, 1H) 7.88 (d, and
o t § 1H) 7.78 (d. 2H) 7.52 NI
s {‘j m (m, 4H) 7.42 (m, 4H) |79
N 7.31 (d, 1H) 7.02 (@, 1H) |7 o
.93 (s, 1H) 3.55 (d, 2H) LA
2-{4-Fluoro- 7 4-(1- methyip;pendm 4~ 1&;3 a(;n((ngﬁ)azgﬁgTzd LN
yhiphenyh~1-oxoisoquinolin-2(1 H)-yh- - ; : ’
2-phenyl-N-thiazol-2-yhacetamide 2H) 1.88 (m, 2H)
037 F BR43 | 989 (brs, 1H) 850 (m, | Compound 035
400 (; H1)£)'%G7f%c} 1,;){)7%823 and
1
/J\?;E”u\’ f\\\ (m. 4H) 7 42 (m, 2H) Q‘
@ ™ 7.31'(d, 1H) 747 (d, 2H) |~ o Q
P LVN\ 6.98 (d, 1H) 6.92 (5, 1H) N/\
2-(4-Fluore-7-(4-{4-methylpiperazin-1- 3.98 (d, 2H} 3.19 (m,
yhphenyh-1-oxcisoquinolin-2{1 H)-y)- 2H) 3.05 (m, 2H) 2.88
2-phenyl-N-(thiazol-2-yi-acetamide {s, 3H) two protons
masked by water peak
024 joN O 553.3 {943 (brs, 1H) 8.07 {dd, | Compound 007
<5/“\N 1H) 7.78 (d, 1H) 7.76 (d, and
H 2H) 757 (m, 1H) 753 | |
| (d, 1H) 7.39 (d, 2H) 7.35 >4
_ (m, 1H) 7.31 (d, 1H) *»/\)
2-(3-Fluorophenyl)-2-(7-(4-(1- 725 (m, 2H) 7.01 (@, e
methylpiperidin-4-ylyphenyl)-1-oxo- 1) 6.93 (s, 1H) 6.68 (d, NN
isoquinolin-2(1 H)-y-N-({thiazol-2-yi)- 1H) 3.55 (d, 2H) 3.10
catamide (m, 2H) 2.87 (m, 1H)
2.85 (d, 3H) 2.07 (d, 2H)
1.86 (m, 2H)
025 N7 15532 | 9.35 (brs, 1H) 8.31 (d, | Compound 008
P 1H) 7.98 (d, 1H) 7.86 and
) (dd, 1H) 7.81 (d, 2H)
JN o P 7.57 (m, 1H) 7.52 (d. >?sz
s/\-\EJjN 1H) 7.40 (d, 2H) 7.35 S
F (m, 1H) 7.31 (d, 1H) H A
) 7.24 (m, 2H) 7.03 (d, \:},
S 1) 6.93 (s, 1H) 6.69 (d, ™
2-{3-Fluorophenyl}-2-(6-{4-(1-methvyi- tHy 3.55 (d, 2H) 3.10
piperidin-4-yliphenyl-1-o0xo- (m, 28} 2.88 (m, 1H)
isoquinolin-2(1 Hy-yl)-N-{thiazol-2-yi)- 2.85 (d, 3H) 2.07 (d, 2H)
acelamide 1.87 (m, 2H)
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026 O/ 5362 | CDCh-d8.50(d, 1H) | Compound 009
= - 8.30 (s, 1H) 7.99 (dd, and
o 1H) 7.85 (d, 1H) 7.65 (d,
(\g% O NFNTRYT 1H) 7,83 (m, 3H) 7.43 /\j‘g
S-J\N N & {m, 4H) 7.38 (d, 2H) 0" ™
7.14 (s, 1H) 7.04 (d, 1H) %
| ﬁ 3.75 (d, 2H) 2.87 (s, 3H) E\./N\
F 2.83 {m, 3H) 2.37 (m,
2-(6-(4-(1-Methylpiperidin-4-yi)- 2H) 2.10 (d, 2H)
phenyh-1-oxophthalazin-2(1H)-yi}-2-
phenyl-N-{thiazol-2-yDacetamide
Q27 ;\:/ 537.2 CDCl-d 8.46 (d, 1H) Compound 008
N 8.27 (s, 1H) 7.97 (dd, and
///\/ e 1H) 7.81 (d, 1H) 762 | .
JN O NN (m, 4H) 7.42 (m, 4H) >2Lg
g Al . 7.13 {5, 1H) 7.04 (m, o fj\
H 3H) 3.76 (m, 2H) 3.70 SN
= (m, 2H) 3.45 (m, 2H) L
P 3.03 (m, 2H) 2.89 (s,
2-(8-{4-(4-Methylpiperazin-1-yi)- 3H)
phenyl-1-oxophthalazin-2(1H)-yi)-2-
phenyl-N-(thiazol-2-yhacetamide
042 (\i\\i 0 i\‘r;\,(\\i 536.2 | 8.38 {brs, 1H) 838 (m, | Compound 041
s AN A A 2H) 8.22 (dd, 1H) 7.97 and
H I 4 l\/ {d, 1H) 7.76 (d, 2H) 7.40 | __
@ ] @ 1H) 7.34 (M, 7TH) |59
# o A 748 (d, 1H) 6.80 (5, TH) |7 o™
2-(7-(4-(1-Methylpiperidin-4-y}- 3.03 (m, 2H) 2.82 (m, %
phenyi)~1noxophthaiazm-zm H}-yi)~2~ 1H) 2.76 (d, 3H) 2.00 (d, \/“
phenyl-N-{thiazol-2-yllacetamide 2H) 1.80 (m, 2H) two ~
proions masked by
water peak
043 537.2 | 8.78 (brs, 1H) 8.35(s, | Compound 041
2H) 8.19 (dd, 1H) 7.92 and
(d, 1H) 7.71 (d, 2H) 7.41
(@, 1H) 7.34 (m, 5H) Qgg
717 @, 1) 7.10 d, 2K -
2-(7-(4-(4-Methyipiperazin-1-yl)- 6.78 (s, 1H} 3.83 (d, 2H) WY
phenyh-1-oxophthalazin-2(1H)-yl)-2- 3.47 (d, 2H) 3.1 (m, LY
phenyl-N-{thiazol-2-yhacetamide 2H) 2.98 (m, 2H) 2.81
(s, 3H)
028 554 16 | 945 (brs, 1H) 8.25(, | Compound 010
1H) 7.99 (s, 1H) 7.96 (d, and
N i 1H) 7.92 (dd, 1H) 7.83
REEAS (d, 2H) 7.6 (m, 1H) QL?
oy N N 7.52 (d, 1H) 7.40 (d, 2H) | o
A @/\ 7.33 (m, 3H) 7.29 (d, “\///L,\‘
! = 1H) 6.88 (s, 1H) 3.54 (d, '\/;\,\
A 2H) 3.10 (m, 2H) 2.88
2-(3-Fluorophenyl)-2-(7-{4-(1-methyl- {m, 1H) 2.84 {d, 3H)
piperidin-4-y)phenyl)-4-oxo- 2.87d, %E) 1.87 (m,
quinazolin-3{(4H)-yh-N-(hiazok2-yl)- J
acetamide
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029

2-{3-Fluorophenyh-2-(7 -{4-{(4-methyi-
piperazin-1-ylphenyl)-4-oxo-
quinazolin-3{4H-yh-N-{thiazok-2-yh-
acetamide

555.23

9.82 {(brs, 1H) 8.21 (d,
1H) 7.6 (5, 1H) 7.92 (s,
1H) 7.91 (dd, 1H) 7.79
{d, 2H) 7.56 (m, 1H)
7.52 (d, 1H) 7.33 (m,
Hy7.29 d, 1H 7.15 (d,
2H) 6.85 (5, 1H) 3.88 {4,
28 317 (m, 2H3 3.05
{m, 2H) 2.88 (s, 3H) two
protons masked by
water peak

Compound 010

and

- mm

030

G
H

2-(3-Fluorophenyh-2-(6-{(4-(1~-methyl-
piperidin-4-yl)phenyh-4-oxo-
quinazolin-3{4H}-yj-N-(thiazol-2-yi}-
acetamide

554,27

9.49 (br s, 1H) 8.39 (d,
1H) 8.10 (dd, 1H) 7.98
(s, 1H) 7.80 (d, 1H) 7.78
{d, 2H) 7.56 (M, 1H)
7.52 (d, 1H) 7.39 (d, 2H)
7.35 (d, 2H) 7.32 (m,
2+) 6.86 (s, 1H) 3.54 (d,
2H) 3.10 (m, 2H) 2.87
(m, 1H) 2.83 (d, 3H)
2.06 (d, 2H) 1.87 (m,
2H)

Compound 011
and

031

- ,N\g/I\J\[\
L
s FNN
z LW

2-(3-Fluorophenyl}-2-(6-{(4-(4-methyk
piperazin-t-yliphenyl)-4-ox0-
quinazolin-3{4H}-yj-N-{thiazol-2-yi)-
acetamide

555.23

9.83 (br s, 1H) 8.34 (d,
1H) 8.17 (dd, 1H) 7.95
G, 1H) 7.76 (d, 1H) 7.73
(d, 2H) 7.56 (m, 1H)
7.52 (d, 1H) 7.35 (d, 1H)
7.31 (m, 3H) 7.15 (d,
2+) 6.85 (s, 1H) 3.97 (d.
2H) 3.54 (d, 2H), 3.18
(m, 2H) 3.04 (m, 2H)
2.88 (3, 3H)

Compound 011

and
3
W

'\/\

032

@ o &= i\
AN \NA\/\E\/\/

A ©

P
2-{3-Fluorophenyh)-2-6-{4-(1-methyi-
piperidin-4-yliphenyl-4-0xo-
quinazolin-3{4H)-yh-N-{pyridin-2-y}-
acetamide

548.24

11.38 (5, 1H) 945 (br s,
1H) 8.40 (d, 1H) 8.35
{dd, 1H} 8.18 {dd, 1H}

8.11(d, 1H) 7.89 (s, 1H)
7.84 (m, 1H}7.78 (d,
1HY7.78 (d, 2H) 7.56
(m, 1H) 7.40 d, 2H)
7.33 {m, 3H) 7.17 {m,
1H) 6.94 (5, 1H) 3.10
(m, 2H) 2.88 (m, 1H)

2.83 (d, 3H) 2.06 (d, 2H)

1.87 (m, 2H) two
protons masked by
water peak

Compound 034

and
S
GON

NN

033

DL
/\/“\/* /j\
ii |
”\//;’\[: N

;'2-(3~F!uoxQphenyﬁ)-z—(6~(4~(4~meihy!_

piperazin-1-yliphenyl}-4-oxo-

guinazolin-3(4H)-vi-N-(pyridin-2-yf)-
acetamide

549.24

11,37 (s, 1H) 9.83 (or s,
1H) 8.35 (m, 2H) 8.16
(dd, 1H) 8.11 (d, 1H)
7.86 (s, 1H) 7.83 {m,

1H) 7.75 (d, 1H) 7.72 (@,
2H) 7.57 (m, 1H) 7.33
(m. 3H) 747 (m, 1H)

7.15 (d, 2H) 6.97 (s, 1H)
3.96 (d, 2H) 3.54 (m,
2H) 3.18 (m, 1H) 3.04
(m, 2H) 2.88 (s, 3H)

Compound 034
and

86
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053

~
2-{5-Fluoro-8-(4-(1-methyipiperidin-4-
yiiphenyh~4-oxoquinazolin-3{(4H)-yh-2-
phenyl-N-(thiazol-2-yhacetamide

TR 5544
CT ?

9.38 (br s, 1H) 7.97 (1,
1H) 7.82 (s, 1H) 7.60 (d,
3H) 7.52 (m, 4H) 7.46
(m, 2H) 7.41 (d, 2H)
7.33 (d, 1H) 6.82 (s, 1H)
3.55 (d, 2H) 3.10 (m,
2H) 2.89 (m, 1H) 2.84
(d, 3H) 2.09 (d, 2H) 1.87
(m, 2H)

Compound 049
and

054

N7 15502

2-(2-Methyl-7-(4-(1-methyipiperidin-4-
yhiphenyl-4~-oxoguinazolin-3(4H)-yi)-2-
phenyl-N-(thiazol-2-yhacetamide

$.30 (br s, 1H) 8.18 (d,
1H) 7.93 (s, 1H) 7.83
(m, 3H) 7.38 (m, 8H)

7.22 (s, 1H) 6.80 (s, 1H)
3.55 (d, 2H) 3.11 (m,
2H) 2.89 (m, 1H) 2.85

(s, 3H) 2.55 (s, 3H) 2.08
{d, 2H) 1.85 (m, 2H)

Compound 051
and

O

\QZL
O

’\«/N\

-

085

715514

N

2-(2-Methyl-7-(4-(4-methylpiperazin-1-
yliphenyl)-4-oxoquinazolin-3(4H}-yh-2-

872 (brs, 1H) 8.12 (@,
1H) 7.88 (d, 1H) 7.81
(dd, 1H) 7.79 (d, 2H)
7.42 (d, 1H) 7.37 (m,

5H) 7.21 (d, 1H) 7.15 (d,

2H) 6.57 (s, 1H) 3.99 (d,
2H) 3.54 (d, 2H) 3.18
(m, 2H) 3.04 (m, 2H)

2.87 (d, 3H) 2.53 (s, 3H)

Compound 051
and

O
=B

N N -

(64

phenyl-N-(thiazol-2-yh-acetamide
N

2-{6-(4-{4-Methyipiperazin-1-yi)-
phenyh-4-oxoguinazolin-3(4H)-yh-2-
{pyridin-3-y-N-(thiazol-2-vi)-
acetamide

9.91 (br s, 1H) 8.75 (d,
1H) 8.69 (dd, 1H) 8.34
(d, 1H) 8.18 (dd, 1H)
8.15 (s, 1H) 8.00 (dd,
1H) 7.78 (d, 1H) 7.73
(d, 2H) 7.58 (dd, 1H)
7.51 (d, 1H) 7.31 (d,
1H) 7.14 (d, 2H) 6.86
(s, 1H) 3.98 (d, 2H)
3.54 (m, 2H) 3.17 (m,
2H) 3.04 (m, 2H) 2.88
(s, 3H)

Compound 062
and

Yo
Tt
SN

LN

1 h
R N

063

2-(6-(4-(1-Methyipiperidin-4-yi)-
phenyl-4-oxoguinazolin-3(4H)-yh-2-
{pyridin-3-yih-N-(thiazol-2-yi}-
acetamide

9.42 (br s, 1) 8.74 (d,
1H) 8.69 (dd, 1H) 8.39
(d, 1H) 8.20 (dd, 1H)
8.17 (s, 1H) 7.99 (dd,
1H) 7.81 (d, 1H) 7.78
(d, 2H) 7.57 (dd, 1H)
7.51 (d, 1H) 7.39 (d,
2H) 7.31 (d, 1H) 6.88
(s, 1H) 3.55 (d, 2H)
3.10 {m, 2H) 2.87 (m,
1H) 2.84 (d, 3H) 2.06
(m, 2H) 1.87 (m, 2H)

Compound 082
and

725
o)
5
SRRV N

O
IE
H

=

NN

066

943 {(brs, 1H) 8.41 (d,
1H) 8.20 (dd, 1H) 7.96
(s, 1H) 7.81 (d, 1H)
7.79 (d, 2H) 7.59 (m,
1H) 7.52 (d, 2H) 7.40

Compound 083
and
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2-(2-Fluorophenylj-2-(8-(4-(1-
methylpiperidin-4-ylphenyl)-4-oxo-
guinazolin-3{¢H}-yh-N-{thiazol-2-yh-
acetamide

(m, 4H) 7.37 (d, 1H)
7.33 (m, 1H) 7.15 (s,
1H) 3.54 (d, 2H) 3.10
(m, 2H) 2.88 (m, 1H)
2.84 (d, 3H) 2.07 (m,
2H) 1.87 (m, 2H)

7ot
SN
LN

VRN

067 s o ﬁN 5552 | 9.80 (brs, 1H) 8.36 (d, | Compound 063
Q i) 3 1H) 818 (dd, 1H) 792 | and
N"™N ‘ o (s, 1H) 7.77 (d, 1H) \/
ey N 7.73(d, 2H) 7.59 (m, 7<C§
| LN 1H) 7.52 (d, 1H) 7.38 TS
) ™ (m, 3H} 7.33 (d, 1H A
2-(2-fluoropheny-2-(8~-(4-(4- f‘;, 15 (d} 2H) _!,(1 4 (s) “/\M
methylpiperazin-1-yhpheny)-4-0x0-~ m) 3 9'7 (d 2H} 3 5’4 RN
quinazolin-3(4H)-yh-N-gthiazok2-yh- (m ZH) 3 1;3 m 2-H)
acetamide 3.03 (m, 2H) 2.88 (s,
3H)
068 = o 556.3 | 8.29 (brs, 1H)885(d, | ;o o " =
% 5 1H)8.14 6, 1) 7.07 | Syl i Ay
NTON (m, 2H) 7.65 (d, 1H) ‘N/L\. 4
N 7.61 (m, 3H) 7.50 (m, s
L 2H) 7.40 (d, 2H) 7.32 and
2-(5-Fluoro-6-(4-(1-methylpiperidin-4- g’ég ?; 72;:_8 ;3'1 fi E'(?n 7250
viiphenyl-4~-oxoguinazolin-3{(4H)-yi-2- QH) 2‘8’9 (m 1.H) 5 874 V,é\l/\
{pyridin-2-yh-N-{thiazol-Z-yl)- (d 3H)2087(d 25_0 { P
acetamide ) ’87 (m éH) ' LN
. , N

2-{8-Bromo-Sfluore-4-gxeoguinazolin-3{4H1-vii-2-{pyridin-2-yii-N-{thiazol-2-

yhiacetamide

Step 1: A mixture of ethyl 2-(6-bromo-5-fluoro-4-oxoquinazolin-3(4H)-yl)-2-(pyridin-2-
vi}-acetate (83 mg, 0.2 mmol), LIOH-HO (17 mg, 0.4 mmol), MeOH (2 mL), and water (0.5

mL.) was stirred at ambient lemperature for 30 min. Solvent was removed under reduced

pressure and the residue was dried under vacuum overnight at 80 °C. This material was

used without further purification in the subsequent step.

Step 2 A mixture of the material from step 1, HOBtG-H:0 (46 mg, 0.3 mmuol), ERC
(57 myg, 0.3 mmol), DIEA (52 ul, 0.3 mmol), 2Z-aminothiazole (20 mg, 0.2 mmol}, and
degassed DMF (3 mL) was stirred at room temperature for 1h. HATU (116 mg, 0.3 mmol)

was added and the reaction was continued for an additional 1.5 h. The reaction mixture was
purified by reverse phase HPLC eluting with 0-80% ACN/H0 (0.038 % TFA modifier) to give
the title compound (15 mg, 16%, fwo steps). TH NMR (800 MHz, de-DMS0) 8 8.32 (dd, 1H)
8.19 (s, 1H) 8.14 (dd, 1H) 7.95 (m, 1H) 7.64 {d, 1H) 7.49 (m, 3H) 7.30 (d, 1H) 7.08 (s, 1H).
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Compound 040: 2-{8-{3-Fluore-4-{1-methvipiperidin-4-yliphenyil-4-oxoguinazolin-
J{4H-vh-2-phenyl-N-{thiazol-2-yl}acetamide

Compound 040 was prepared following the procedure on Scheme 4.

5  Scheme 4.
\.S
O y L (\N o
yBooO NHBoc NANHZ o N
S HATU, ProNEt, DMF H
i LiOH, HZO <
MeCH, THF O iy TFA, DCM

N O
E..J

N Foop~
” [! o 79 N
HN_ !
B PAChLdpph, N2;CO3 '
dioxane, H0 105°C

Ethyl 2-{{{ert-butoxycarbonyllamine)-2-phenylacetate
Ei0,C_  NHBoo

10
A mixture of ethyl 2-aminoc-2-phenylacetate (1.0 g, 4.6 mmol), di-fert-butyl

dicarbonate (1.2 q, 5.5 mmol), DCM (20 mi), and DIEA (0.8 mL, 4.6 mmol) was stirred at
room temperature for 1 hour. The reaction mixture was poured into ethyl acetate (100 mbL)
and washed with ice cold 01N HCI (40 mL), saturated Na,COs (40 mi), water (40 mL), and

15 brine (40 mbL). The organic phase was dried (MgS804) and concentrated under reduced
pressure to give the title compound (1.3 g, 100%). 'H NMR (500 MHz, CDCh-d) 5 ppm 2.04
(d, 1H) 879 (d, 1H) 8.16 (s, 1H) 7.48 (m, 1H) 7.19 (s, 2H) 7.11 {m, 1H) 4.39 (m, 2H) 1.57 (s,
gH) 1.35 (1, 3H).
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2-{{teri-Butoxvcarbonvilamino)-2-phenyiacetic acid

HO,C  NHBoc

2-{{fert-Buloxycarbonyhaminoe}-2-phenylacetic acid was prepared in a similar manner
to acid 1, from ethyl 2-({ferf-butoxycarbonyllamino)-2-phenviacetate (1.3g, 4.7 mmol), to give
550 mg, 47%.

forf-Butyl (2-0x0-1-phenyl-2-(thiazol-2-viaminoiethylicarbamate

é,\s ]
N’;"\N NHBoo
H

tert-Buty! {2-oxo-1-phenyl-2-(thiazol-Z-ylaminc)ethyljcarbamate was prepared in a
simitar manner 1o Exampile 1, from 2-({terf-butoxycarbonyl}amine)-2-phenylacetic acid (550
mg, 2.2 mmol}, to give 870 mg, 92%. 'H NMR (500 MHz, CDCl-o) & ppm 7.48 (d, 1H) 7.38
{m, BH) 7.02 (d, 1H) 5.70 (br s, 1H) 5.48 (br s, 1H) 1.46 (s, 9H).

2-Aming-2-phenvi-N-{thiazol-2-yllacetamide hydrochloride

s ©
W
NPy

H

A solution of ferf-butyl (2-oxo-1-phenyl-2-(thiazol-2-ylaminoyethyicarbamate (670
mg, 2 mimol} in DCM (2.5 mL) and triffucroacetic acid (2.5 mL) was stirred for 15 min at room
temperature and then concentrated under reduced pressure. The residue was dissclved in
DCM (25 mL) and treated with 4 N HCI in dioxane (5 mL). The resulling precipitate was
collected by filtration, washed with DCM and dried to give the title compound, used without
further purification. 'H NMR (500 MHz, DMSO-ds) & ppm 8.03 (br s, 3H) 7.59 (dd, 2H) 7.46
(m, 4H} 7.31 {d, 1H)} §.258 (m, 1H).
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7-Fluoro-6-{4-{ 1 -methyiniperidin-4-viiphenvilauinazolin-4{3H}-one

A mixture of 8-bromo-7-flucroguinazolin-4(3H)-one (100 myg, 0.4 mmol), t-methyi-4-
(4-(4 4 5 S-tetramethyl-1,3,2-dioxaborolan-2-yliphenyhpiperidine (187 mg, 0.6 mmol),
Pd(dpphCh.DCM (87 mg, 0.08 mmol) and sodium carbonate (131 mg, 1.2 mmol) in
dioxanewater (4.1, 4 mlL) was degassed and re-suffused with nifrogen three times. The
mixture was heated at 100°C for 3 hours. After codling, the reaction mixture was filtered and
concentrated, and the residue was purified by reverse phase HFLC, eluting with 0-80%
ACN/Mwater (0.035% TFA modifier). The product was dissolved in ethyl acetate and washed
with saturated NaxC0s and saturated brine, dried (MgSQ,), filtered, and concentrated under
reduced pressure to give the title compound (24 mg, 17%). 'H NMR (500 MHz, DMSO-de) &
ppm 8.17 (d, 1H) 8.15 (s, 1H) 7.55 (m, 3H) 7.40 (d, 2H) 2.88 (d, 2H) 2.21 (s, 3H) 1.98 (m,
2H) 1.78 (m,2H) 1.70 {m, 2H} one proton masked by solvent peak.

Compound 040; 2-48-(3-Fluore-4-(1-methvipiperidin-4-viighenyl-4-oxoguinazelin-
3{4H)-vil-2-phenvi-N-{thiazol-2-vllacetamide

Compound 040 was prepared in a similar manner o ester 19, from 2-amino-2-
phenyl-N-(thiazol-2-ylacetamide hydrochioride and 7-fiuoro-8-(4-(1-methviniperidin-4-
yliphenyl)-quinazolin-4(3H)-one. 'H NMR (500 MHz, ds-DMSQ) 5 8.37 (br s, 1H) 8.26 (d, 1H)
7.81 (s, 1H) 7.67 {d, 1H) 7.64 (d, 2H} 7.52 (m, 4H) 7.486 {m, 2H) 7.42 (d, 2H), 7.32 {d, 1H)
5.88 (s, 1H) 3.56 (d, 2H) 3.11 (m, 2H) 2.88 (m, 1H) 2.84 (d, 3H) 2.08 (d, 2H) 1.87 (m, 2H);
MS (myz): 854.2 [M+1]".
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Preparation of Compound 056: 2-{7-{4-{1-Methyipiperidin-4d-yvhighenyl-4-oxopyrido-
3. 2-dlpyrimidin-3{4H}-y1i-2-phenyl-N-{thiazol-Z-yvllacetamide

Compounds 056-080 were prepared with the following method. Scheme 5 below

exemplifies the synthesis of Compound 056.

5
Scheme 5.
N ar N Br
* FYy e G o, 7
i Br HN P N i B i
s o Do

CSZCOs, PdClgdppfg, N82603
DMF, 50°C dioxane, Hy0, 105°C

HATU, 'ProNEL, DMF

Acid X: 2-{7-{4-{1-Mathvipiperidin-4-yviiphenvii-4-oxopyridol 3, 2-dlpyrimidin-3{4H}-yl}-2-

10 phenviacetic acid

A mixture of methy! 2-(7-bromo-4-oxopyrido[3,2-d]pyrimidin-3(4H)-yh)-2-

phenylacetate {100 mg, 0.27 mmol}, 1-methyl-4-(4-(4 4,5 5-tetramethyi-1,3,2-dioxaborolan-
15 2-yiipheny-piperidine (88 myg, 0.28 mmaob), Pd{dppfiClh. DCM {44 mg, 0.054 mmol) and

sodium carbonate (85 mg, 0.81 mmol) in dioxane:water (4.1, 2 mL) was degassed and re-

suffused with nitrogen three times. The mixiure was heated at 100°C for 4 hours under

nitrogen. After cooling, the reaction mixture was fillered and purified by reverse phase

HPLC, eluting with 0-80% ACN/water (0.035% TFA modifier) to give the title compound (70
20 mg, 57%). MS (m/z): 454 .9 [M+11
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Compound 056: 2-{7-{4-{1-Methvipiperidin-4-vhighenyD-4-oxopyridol 3, 2-dipyrimidin-

J{4H-vh-2-phenyl-N-{thiazol-2-yl}acetamide

A mixture of 2-(7-(4-(1-methylpiperidin-d-yhphenyh-4-oxopyrido[3, 2-d]pyrimidin-

3{4H)-yh-2-phenylacstic acid (70 mg, 0.15 mmol}, thiazol-Z-amine (23 mg, 0.23 mmoi),

HATU (117 mg, 0.31 mmol},

DIEA (80 ul, 0.46 mmol) and degassed DMF (2 mL) was

heated to 60°C for 2.5 hours. The reaction mixiure was purified by reverse phase HPLC,
sluting with 0-80% AUCN/water {0.035% TFA modifier) to give the litle compound {44 mg,

10 53%). 'H NMR (500 MHz, de-DMB0) 8 9.55 {br s, 1H) 9.22 (d, 1H) 8.38 (d, 1H) 7.25 (s, 1H)
7.83(d, 2H) 7.53 (m, 4H) 7.48 (m, 2H) 7.44 (d, 2H) 7.33 (d, 1H) 6.92 (s, 1H) 3.56 (d, 2H}
341 {m, 2H) 2.91 {m, 1H) 2.85 (d, 3H) 2.07 {(d, 2H) 1.89 (m, 2H);, MS {(m/z): 537 .4 [M+1}*

The foliowing compounds in Table 8 were prepared by a similar method to

15 Compound 056 from the corresponding carboxylic acid and 2-aminothiazole.

Table 8.
No. Structure / Name m/z H NMR (500 MHz, Starting material
(M1 ds-DMSO) &
057 ‘N7 | 5382 | 9.88 (ors, 1H) 9.22
/jN\/ (@, 1H) 8.33 (d, 1H) v
7.92 (s, 1H) 7.90 (d, e
f‘?’ 0 -* /\f\ 2H) 7.53 (m, 4H) - \f\\/
(SN . 7.48 (m, 2H) 7.33 (d, NJ\/ I
,,’ 1H) 7.18 (d, 2H)
g 8.91 (s, 1H) 4.04 (d, [\]
2-(7-(4-(&-Methylpiperazin-1-yD- %’?ﬁgf 2“5;)233"27
phenyh-4-oxopyridol3,2-d}- : ’ § .
oyrinidin-3(&H)-yl)-2-phenyl-N- (M, 2H) 2.88 (s, 3H)
(thiazoi~2 yi)aceiam;de
053 537.3 | 9.37 (br s, 1H) 9.38

| f%/mo

2-{6-(4-(1-Methyipiperidin-4-
yhiphenyh-4-oxopyrido}2,3-d}-
pyrimidin-3(4H)~-yh-2-phenyl-N-
(thiazol-2-ylacetamide

(d, 1H) 8.75 (d, 1H)
8.08 (s, 1H) 7.88 (4,
2H) 7.53 (m, 4H)

7.49 (m, 2H) 7.43 (d,

2+) 7.33 (d, 1H)
8.87 (s, 1H) 3.58 (d,
2H) 3.11 (m, 2H)

2.90 (m, 1H) 2.84 (d,

3H) 2.08 (d, 2H)
187 (m, 2H)

,\

Hu»y AQ
q 1@
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089 5384 | 960 (brs, 1H) 8.26
(d, 1H) 8.62 (d, 1H) o ,NI"'\\
= N oL
TO/ 7.97 (5, 1) 7.75(d, | rols s
é} 2H) 7.45 (m, 4H) < o
1\/'\‘ 740 (m, 2H) 725, | s L.
2-(B-(4-(4-Methylipiperazin-1-y})- 1H) 7.10 (d, 2H)
phenyl-4-oxopyridof2,3-d}- 6.78 (s, 1H) 3.93 {d,
pyrimidin-3{dH)-yvh-2-phenyl-N- 2H) 3.47 (d, Z2H)
(thiazol-2-yl)acetamide 341 {m, 2H) 2.97
(m, 2H) 2.80 {d, 3th
480 5544 | B24 (d, 1H)8.14
; 5“ o r \\ (dd, 1H) 7.21 (s, 1H) i r\
7.82 (d, 2H) 7.52 (m, N
mﬁ 4H) 7.47 (m, 24) *’gj@ O
J [ i 7.40¢d, 2H) 7.33 (d. “ \”ﬁ\
= SN 1H) 6.88 (s, 1H) 7 S
2~(8-Fluoro-6-(4-(1- 3.55 (d, 2H) 3.10 (m,
methylpiperidin-4-yhphenyi)-4- 2H) 2.88 (m, 1H)
oxoguinazolin-3-(4H)-yh-2-phenyl- 2.84 (d, 3H) 2.07 (d,
N-{thiazol-2-yl)-acetamide 2H) 1.86 (m, 2H)
869 L NN - 9.38 (brs, 1H) 8,46 o ey
7 i J: » (@, 1H) 8.22 (d, 3H) | nod Moo
N YN Ei\/\ 8.05 (s, 1H) 7.57 (m, A O m
NN 1H) 7.53 (d, 1H) g N
I i
- N 7.44 (d, 2H) 7.38 (m,
2-(3-Fluoropheny))-2-{6-(4-(1- 2?77(531%’3??; d
methylpiperidin-4-ybphenyl)-4-oxo- 2H) 311 (m, 2H) '
pyride[3,2-dlpyrimidin-3(4H)-yh-N- 2.90 (m 1H§ 2.84 (d,
{thiaz@i“z*yi)aﬁeiamide SH) zaé (d, ZH) ’
1.88 (m, 2H)
870 5722 | 828 (brs, 1H) 7.97 o [f/N\-”/\
1 (m, 2H) 7.80 (m, 4H) HOJKIN\@/Y e
7.52 (d, 1H) 7.39 (d, ACT SN
2H) 7.34 (m, 3H) A LN
) 7.28(d, 1H)6.80 (s,
5
2.(5- Fluoro-6- (4e(1- ;;._;)03{;:; 2((:;)2;%8
methyipiperidm b yi)pheﬂyi}d@u (FT], 1H) 2 84 (d, 35"‘3)
Oxoqumaza§m~3~(4H}-yi)~2~(3~ 208 {d. EH) 186 (m
fluorophenyl)-N-(thiazol-2- 2H) i ’
yi)acetamide
871 / 5552 JJL\ 2N S
N Ao
eaasi S,
N/\l ”\/ }\/N\
2~(5- F!u(}ro 8-(4-(4-methyl-
piperazin~1-yhphenyh-4-oxo-
quinazolin-3(4H)-yh-2-phenyl-N-
(thiazoi -2 y!)acmamide
072 538.2 | 9.76 (brs, 1H) 8.40

N N’
2-(6-(d-(4- Meihyipgpemzm f-yh-
phenyh-4-oxopyridof3,2-d}-

@, 1H) 8.18 (d, 2H)
8.13 (d, 1H) 7.86 (s,
1H) 7.52 (m, 4H)
7.48 (m, 2H) 7.32 (d,
1H) 7.17 (d, 2H)
5.87 (s, 1H) 4.05 (d,
2H) 3.55 (d, 2H)
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pyrimidin-3{4H}-yh-2-phenyl-N-
(thiazai -2- yi)aretamide

317 (m, 2H) 3.08
(m, 2H) 2.88 (s, 3H)

873 0 5372 937 (brs,1H) 845 o r;”\(\\
</ - 4 (@, 1H) 8.22 (m, 3H) Hoﬁkrv“rm N
N 7.90 (s, 1H) 7.52 {m, A LA~
f\ 4H) 7.48 (m, 2H) ‘\D N
744 (d, 2H) 7.33 (d,
3-(6-(4- (1 Methyipspendm -4- yl) ;’"&5{592% 135"?0 -
phenyh-4-oxopyrido[3,2-d}- EH} 5 9’1 (m 1‘H) ’
pyrimidin-3{4dH}-yh-2-phenyi-N- 2 84 {d 3H};2 08 (d
{thiazol-2-ylJacetamide 25_5) 1.8!8 (m, éH) ’
074 586.2 | 11.30 (5, 1H) 9.27
(\l I}Ill o (or s, 1H) 8.28 (4, |
ji 1H) 8.04 (d, 1H) SN
/\/\ 7.90 (m, 1H) 7.79 (5, | AJJ (w
1H) 7.77 (m, 1H)
2-(5-Fluoro-6-(4-(1- g o3 g‘;‘f;g Z&5EH)
methylpiperidin-4-yhphenyh-4- 7_2’7 (m, 3H) 7_’11
oxoguinazolin-3-(4Hy-y)-2-(3- (dd 1H)1 5.84 (s, 1H)
fiuorophenyh)-N-(pyridin-2- 3.4% (. 2H) 3‘04 (m,
yhacetamide 2H)2.8,1 (. 1H) ’
277 (d, 3H) 2.02 (m,
2H) 1.80 (m, 2H)
075 j~s © N 572.3 | 0.45 (brs, 1H) 7.95 FRNPINEN
B O 2 (m, THY 7.96 (5, 1H) | s ™S N
N E’)\" Ty 760 (m, 4H) 7.53 (d, | oA l\/\l ~
Fr Sy F NN 1H) 7.40 (m, 4H) 1 (w
g & 7.37 (d, 1H) 7.35 (@,
25 Fluoro8-(4 (1 3541, 208 311 (m
methyipiperidin-4-yhphenyh)-4- 2!.“1) 5 8!9 (n)} 1‘H) ’
oxoquinazolin-3-{4H-y)-2-(2- P {d 3H}72 08 (m
fluorocphenyl-N-(thiazol-2- 21'_{) 4 8!8 (m Z;H) g
yi)acetamide ) ’
8786 /\, /N F ; 5732 | 978 (brs, 1H) 7.98 o A
P 7 (m, 1H 7.83 (s, 1H) | st /Qf\'L\T/\
N”\z A Y 759 (m, 2H) 7.55 (d, | ! i’\lm»\
r,f\ N/ﬁ 2H) 7.53 d, 1H) Lz N
i\; LN 7.40 (m, 2H) 7.37 (d,
A 1H} 7.35 (d, 1H)
2-(5-Fluoro-8-(4-(4-methyl- 7.45 (d, 2H) 7.08 (s
piperazin-t-yhphenyl)-4-0xo- m) 3 9’8 (d ZH) ’
guinazolin-3{(4H}-yh-2-2-fluoro- 354 (d ZH)’ 3.18 (m
phenyl-N-(thiazol-2-yhacetamide ZH) 3.0‘5 (m, QH) ’
2.88 (s, 3H)
877 N O 5853 | 8.77 (brs, 1H) 8.38 o r:«N‘wF/\
’;,L\ i 3 (d, 1H) 8.18 (dd, 1H) | no~ NN\/\'
D) F\r 'L;§‘ !

2~(2-Fluoro-6-methoxyphenyl)-2-
{&-{4~-(4-methylpiperazin-1-
yhphenyl)-d-oxoguinazolin-3(4H)-
yh-N-(thiazol-2-ylacetamide

7.88 (s, 1H) 7.75 (m,
3H) 7.56 (m, 1H)
748 (d, 1H) 7.28 d,
1H) 7.16 (d, 2H)
7.08 (s, 1H) 7.06 (d,
1H) 8.97 (m, 1H)
3.98 (d, 2H) 3.76 (s,
3H) 3.54 (m, 2H)
3.19 (m, 2H) 3.05
(m, 2H) 2.88 (s, 3H)
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g78

LI

584.4

945 (br s, 1H) .42
(d, 1H) 8.20 (dd, 1H)
7.91 (s, 1H) 7.80 (m,
3H) 7.57 (m, 1H)
7.48 (s, 1H) 7.40 (d,
2H) 7.27 (d, 1H)
7.08 (s, 1H) 7.08 (d,
1H) 6.98 (m, 1H)
3.77 (s, 3H) 3.54 (d,
2H) 3.11 (m, 2H)
2.88 (m, 1H) 2.84 (d,
3H) 2.07 (m, 2H)
1.88 (m, 2H)

87%

2-(8-Fluoro-7-(4-{1-
methylipiperidin-4-yhphenyb-1-
oxoisoquinolin-2-(1 Hy-yh-2-phenyl-
N-{ihiazol-2-yl}-acetamide

633 (br s, 1H) 7.83
(@d, 1H) 7.58 (d, 2H)
7.53 (m, 5H) 7.39
(m, 4H) 7.30 {d, 1H)
6.93 (d, 1H) 8.84 (s,
1H) 6.63 (dd, 1H)
3.55 (d. 2H) 3.11 (m,
2H) 2.88 (m, 1H)
2.84 (d, 3H) 2.08 (d,
2H) 1.87 (m, 2H)

2-{&-fluoro-2-(methoxymethoxy)-
phenyl-2-(8-(4-(1-methylpiperidin-
4-yhphenyl-4-oxopyrido[3,2-d}-
pyrimidin-3(4H)-yh-N-(thiazol-2-yi)-

acstamide

{84 N e Py
! P Hor oy (’/\(/\l
a4 i HONO... \j F ‘\\/\r’\{
2 - ELN
.
2-{5-Fluoro-2-(methoxymethoxy)-
phenyl)-2-(5-fluoro-6-(4-(1-methyl-
piperidin-4-yiphenyl}-4-oxo-
quinazolin-3{(4H)-yh-N-{thiazol-2-
yhacetamide
481 N G J»N\,”\
~5 O =~ X N
LA O RR
E}E HONO— Sy SNy
MOMO ", \<\a PN LN
i\'f’&F /‘N\

the corresponding starting materials.
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Acids 18-21 and C-O in Table 9 were prepared by a similar method to Acid X from
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Table &
Acid Structure / Name m/z 'H NMR (500 Starting materials
(M+17 | MHz, de-DMSO} 8
18 N 4859 |- S
p N MeC,o_ N iN/

o .
oA NE N N

% and

g N
2-(7-(4-(4-Methylpiperazin-1-vi)- ><O,§3 N
phenyi-4-oxopyridof3, 2-dj- \E://\ =N
pyrimidin-3(4H)-yh-2-phenylacetic “L gJ
acid _ i

19 o r/N' I N\ 4552 - /NYN\
HO/H\INT%\«;\I/E MQOEC‘YN@/’I\K B

siNae O

Q\J VN\
2-(6-(4-(1-Methylpiperidin-4-y)- and
phenyl-4-oxopyrido[2, 3-d}- N
pyrimidin~3(4H)~y!)~2npheny!acetic > _‘;
acid 3

N,
20 C /N N‘\ ‘4562 = /N“ ?\

i h{!/ I L MeC,C_ N T
HOJK & Yif\. Ty j(\/ Br

= !\)\N’”ﬁ /! -

L LA g
2-(B8-(4-(4-Methylpiperazin-1-yl}- and
phenyh-4-oxopyrido[2, 3-d}- .
pyrimidin-3(4k)-yi}-2-phenyl- >k
acstic acid Y

FN
21 F 4724 | 823(d, TH 8.19 o
(s, 1H) 8.12 (d, ’h\(“
1H) 7.80 (d, 2H) | MeGe N._A A
7.54 (d, 2H) 7.43 - B
7.50 (m, 3 H) 7.47 1
{(m, 3H) 7.38 (m, N
2H) 6.54 (s, 1H) | and
3.54 (d, 2H) 3.09 ~o
(m, 2H) 2.87 (m, ><O,é N
1H) 2.83 (s, 3H) T
2.06 (d, 2H) 1.88 \E Y
{m, 2H) -
¢ N : o S
EtO‘JL NKI\N‘%\B
O. _ N F/)j
- F ~ d
2(3-Fluorophenyl)-2-(B-(4-(1- an
methykpiperidin-d-yhphenyl}-4-
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oxo-pyrido3,2-dlpyrimidin-3(4H)-
yhacetic acid

Q -
. O N
2-{5-Fluoro-8-(4~-(1-methyl-
piperidin-4-yhphenyh-4-oxo-
guinazolin-3(4H)-yh-2-(3-
flucrophenylacetic acid
= 47317 | 8.08 (s, 1H) 7.93 o Mo~
{m, 1H) 7.54 (d, T )
1H) 7.52 {m, 4H) | Meo” Y 7B
7.45 (m, 3H) 7.12 ,Iff{\ a
{d, 2H) 6.48 (s, \?,;,l
1H) 3.40 (m, 4H) and
2-{5-Fluoro-8-{4~-(4-methyl- 3.02 (m, 4H) 2.84
piperazin-1-yhphenyh-4- {br s, 3H) E
oxoquinazolin-3(4H)-yi)-2- I AN
phenylacetic acid U\N/‘W
LN
Ho N\gﬂN’/\Q MeO‘AYN N7 By
7Y N 1 )‘\\}

2 SULN ~
2-(8-(4-(4-Methylpiperazin-1-yb- and
phenyh-4-oxopyrido[3,2- o
dipyrimidin-3(4H)}-yi-2- PNg-Beay
phenylacstic acid \ﬂ\;w

SN

¢ o Y “ﬁv\ ' 0 F;N]\/\
HO NE)\/N/ 7 Meo"“\,fN\g/ N7 “Br
f A i =
\/\CFL\ L

2-(B6-(4-(1-Methylpiperidin-4~y})- and
phenyh-4-axopyridof3,2-
dipyrimidin-3(4H)-y)-2-phenyi-
acetic acid

480.15 1 -

Froi '

2-(5-Fluoro-5-{4-(1-methyl-
piperidin-4~-yhphenyl)-4-
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oxoquinazolin-3(4k)-yh-2-(3-
fluorophenyhacetic acid

% \T\

o #N
HC)’i /N ﬁ : S
J N

49015

N
S
N

0 ¢
Ve~
E H
I =
G

2-(5-Fluoro-8-(4-(1-methyl- and
piperidin-4-yhphenyh-4- ‘J\m
oxoquinazolin-3(4H)-y)-2-(2- > B “
flucrophenylacetic acid P R
g
S N
N
481.16 o = /|

2-(5-Fluoro-6-{4-(4-methyl-
piperazin-1-yhphenyb-4-
oxoquinazolin-3{dH)-yl)-2-(2-
fluorophenybacetic acid

N
/’*5\1
i {
S
by Ny

I
“yrome N
AL

503.18

2-{2-Fluoro-6-methoxyphenyh)-2- and
(6-(4-(4-methylpiperazin-1- .
yhphenyi)-4-oxoquinazolin-3{4Hj- >
hacetic acid NS
yh UV\]
1\\/'N\
o 502.27 P
HO)\ i Meofi"\rfN Br
F o) - |
OMe \‘;ijorme
N._ L

2-(2~-Fluoro-6-methoxyphenyl)-2-
(6-(4-(1-methylpiperidin-4-
yhphenyl-d-oxoguinazolin-3(4H)-
yhacetic acid

2-(8-Fiuorc-7-(4-(1-
methyipiperidin-4-yhiphenyl}-1-
oxoisoquinclin-2{1H)-yh-2-

phenyiacetic acid
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MOMO. | A, S ™~
(f‘/’&p.‘ ~ N\

2-(5-Fluoro-2-{methoxymethoxy)-
phenyh-2-(5-fluorg-6-(4-(1-
methykpiperidin-4-yhphenyl}-4-
oxo-guinazolin-3(4H)-yhacetic
acid

and
\%'Q
NN

C r/\l\/ij

ii

HO/;(N\L(/Q‘N/Q
8 {
MOMO .- d = i/ﬁ
N NN
2-{5-Fluoro-2-{methoxymeathoxy)-
phenyD-2-(6-(4-(1-
methyipiperidin-4-yhphenyl-4-
oxopyrido[3,2-d}l-pyrimidin-3{(4H)-
vhacetic acid

~

Scheme &

H,N Br,
MeO e
, ACOH

HATU, Pry,NEL, DMF

Methyl 3-amino-8-bromopicolinate

HoN

MeC

LIOH, H,0

MeOH, THF

(Et0)sCH

........................ R

N

d I! N

N i
E/\N” Br
F

A solution of bromine (220 ul., 4.27 mmol) in AcOH (800 pl) was added dropwise

over one minute o a suspension of methy! 3-aminopicolinate (652 mg, 427 mmol) in 13 mbL

of water containing ©. Hx30, (207 ul, 4.0 mmol). The reaction mixture was stirred for 15 min

then basified with 10 N NaOH to pH 8. The reaction mixture was extracted with EtOAc (3 x

100
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30miL). The combined organic extracts were washed with saturated brine, dried over
NaxSCs, filtered, concentrated under reduced pressure, and purified by normal phase flash
chromatography (0-80% EtQOActhexane) to give the title compound (600 mg, 61%). 'H NMR
(500 MHz, ds-DMS0) 8 7.45 (d, 1H) 7.22 (d, 1H) 6.88 (s, 2H) 3.82 (s, 3H}.

3-Amino-6-bromopicelinic acid

A mixture of methyl 3-amino-6-bromopicolinate (800 mg, 2.8 mmol), LIOH-HO (800
mg, 5.5 mmol), THF (6 mL), MeOH (1.5 mL), and water (1.5 mL) was stirred for 45 min.
Solvent was removed under reduced pressure and the residue was dissolved in water (20
mL}. The pH of the solution was adjusted to pH 6 (pH paper) with 2N HCIL The resulting solid
was filtered, washed with cold water {(~10 mL} and dried to give 302 mg of the title
compound. The mother liquor was acidified as above o give an additional 28 mg of the title
compaound fo bring the total yield to 400 mg, 71%. 'H NMR (500 MHz, ds-DMS0) § 7.43 (d,
1H)Y 7.20 (d, 1H).

Ethyl 2-(3-amino-8-bromopicolinamide)-2-«{ 3-flucrophenvijacstate {Amide A}
H-N

A solution of 3-amino-8-bromopicalinic acid (217 myg, 1.0 mmol}, ethyl Z-amino-2-(3-
fluorophenyl}acetate hydrochioride (280 mg, 1.2 mmol), HATU (760 mg, 2.0 mmol), DIEA (1
mb, 575 mmol) and degassed DMF (2 mL) was stirred at 80° C for 1 h. After coeling, the
reaction mixture was poured into saturated brine (~20 ml), and exiracted with EtOAc (2 x 30
miL). The combined organic extracts were washed with saturated brine, dried over Na;50,,
filtered, concentrated under reduced pressure, and purified by normal phase flash
chromatography (0-55% EtOAc/hexane) to give the title compound (340 mg, 86%).
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Ethyl 2-{6-bromo-4-oxopyridel 3. 2-dipyrimidin-3{4H}-v}-2-{3-fluorophenyviacetate
{Ester £}

A mixture of ethyl 2-(3-amino-B-bromopicolinamido)-2-(3-flucrophenylacetate (320
mg, 0.8 mmol) and triethylerthoformate (4 ml) in a sealed tube was subjected to MW
irradiation at 210 °C for 70 min. The excess iriethylorthoformate was removed under
reduced pressure. The residue was purified by normal phase flash chromatography (0-65%
EtOAc/hexane) to give the title compound (340 mg, quant). 'H NMR (500 MHz, ds-

DMSO) 8 8.44 (5, 1H) 808 (m, 2H) 7.50 (m, 1H) 7.43 (m, 1H) 7.37 (d, 1H) 7.28 (m, 1H) 6.60
(s, 1H) 4.26 (m, 2H) 1.19 (f, 3H).

Esters F-K in Table 10 were prepared by a simiiar method to Ester E from the

corresponding starting material.

Table 10

Ester Structure / Name mz TH NMR (500 MHz, Starting materials
M+1T de-DMSQ) &

F \(\\ 392.97 1 833(s,1H) 8.28 (4, HN
1H) 8.05 (dd, 1H)
Mea)\r’N\gf\/\ﬁf 768 (d, 1H) 7.54 MPO)\/ X :
Fo A (m, 1H) 7.52 {m, FW
1\) 1My 7.32 (dd, 1H) (A
& 7.28 {m, tH) 8.81
Methyl 2-(B-bromo-4-oxo- (s, 1H} 3.78 (s, 3H)
quinazolin-3(4H)-yh-2-(2-fluoro-
phenyi)ace‘taie

G \/\. - FN >
; i I

)
EtOJ( Wsr e \;f

e I
F/I\f) F T
Ethyl 2-(6-bromo-5-flucro-4-0xo-
guinazolin-3(4H)-yh-2-(3-fluoro-
phenybacetale

41066 | CDCh 787 (5. 1H) NN

7.90 (dd, 1H) 748 | N }
(m, 2H) 7.42 {dd, | MeO Y‘Bf
1H) 7.27 (m, 1H) #

7.19 (dd, 1H) .87
(s, 1H) 3.80 (s, 3H)
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Methyi 2-(8-bromo-5-fluorg-4-
oxo-quinazolin-3(4H)-yh-2-2-
fluoro-phenviacetate

Ethyl 2-(6-bromo-5-flucro-4-oxo-
quinazolin-3(4H)-v-2-(pyridin-2-

N

o PN
(9]
i H
O™ v NBr
F
s

Ethyl 2-(6-bromo-~4-ox0-
pyridol3, 2-djpyrimidin-3{4H)-yi)-
2-{5-fluoro-2-{methoxy-
methoxy)phenyhaceiate

yi-acetale
HoN
e
£to,C BtO0 NT\///LBr
MOMO.\é F
Ncmoﬁii XN
i F
S AE
Ethyl 2-(6-bromo-~5-fluoro-4-0xo-
quinazolin-3{(4H)-vh-2-(5-fluoro-
2-(methoxy-
methoxy)phenyhacetate
M AN =
r ;j _ K \ﬁ/\j\
Ei0,C. N s BO,C. N A gy

MOMO ..~ Xy
Ou

Amides B-G in Table 11 were prepared by a similar method to Amide A from the

corresponding starting materials.

Table 11
Amide Structure / Name m/z H NMR (500 MHz, de-DMSO) 8
(M+1]"
B o MMy 38288 | 9145, 1H) 7.81 (d, 1H) 7.49 (m,
Bt N A 1) 7.43 (m, 1H) 7.30 (dd, 1H)
MeQ™ ™7 B 7.25 (m, 2H) 6.69 (d, 1H) 8.59 {5,
RN 2H) 5.91 (d, 1H) 3.68 (s, 3H)
I £
Methy! 2-(2-amino-5-bromo-
benzamido)-2-(2-fluorophenyhacetate
c o HN -
FlO ' Br
T
e
Ethyl 2-(B-amino-3-bromo-2-flucro-
benzamido)-2-(3-flucrophenyhacetiate
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40103 | 0.34 (d, 1H) 7.47 (m, 1H) 7.42 (m,
1H) 7.33 (dd, 1H) 7.25 (m, 2H)
8.5 (d, 1H) 5.91 (d, 1H) 3.69 (s,
3H)

Methyl 2-(8-amino-3-bromo-2-fluoro-
benzamido)-2-(2-fluorophenyljaceiate

E | o s
EtO’thN&LBI
»

Ethyl 2-(B-amino-3-bromo-2-flucro-
benzamido)-2-(pyridin-2-yhacetate
= HZN\“/\%

- H i
Eoe N W\Br
l}
MOM&@\
FE

Ethyl 2-(8-amino-3-bromo-2-fluoro-
benzamido)-2-(5-flucro-2-{methoxy-
methoxy)phenyhacetate

G :52"’ N 458.0
EtO,C_ N !

N/ Br
MOMO-&
A NE

Ethyl2-(G-amino-8-brome-
picolinamido)-2~(5-fluorg-2-
{methoxymethoxy)-phenylacetate

e
Me('));\\= NBS
F

N-Bromosuccinimide {(4.05 g, 22.7 mmol) and benzoyl peroxide (524 mg, 2.16 mmol)
were added {0 a solution of methyl 2-(2-fluoro-8-methoxyphenyhacetate (4.30 g, 21.7 mmol}
in CCls (120 mL) and the reaction mixture was heated at 80° C for 24 hours. After cooling,

1C¢  dichloromethane (150 ml) was added, and the organic layer was washed with saturated
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brine, dried (Na,S04), and concentrated under reduced pressure. The residue was purified
by silica chromategraphy (0-10% EtQAc in Hex) to give the title compound (3.93 g, 685%). H
NMR (500 MHz, CDCly) 8 CDBCiR 7.30 (m, 1H) 8.73 (m, 2H) 8.01 (s, 1H) 3.90 (s, 3H) 3.80 (s,
3H).

Methyl 2-(6-bromo-4-oxoguinazolin-3{4H})-v1}-2-(2-fluoro-6-methoxyphenyllacetate

NakH (60% in mineral oil, 356 mq) was added {0 a solution of 8-bromoguinazolin-
4(3H)-one (1.0 g, 4.44 mmol) in DMF (20 mL) at 0° C, and the mixture was stirred at room
temperature for 1 h. A solution of methyt 2-bromo-2-(2-fluoro-6-methoxyphenyl)acetate (1.5
g, 5.33 mmel) in DMF (5 mL) was added dropwise. The reaction was stirred overnight and
ethyl acetate (100 ml) was added. The mixture was washed with saturated brine, dried
{Na;504), and concentrated under reduced pressure. The residue was purified by silica
chromatography (0-80% E{OAc in Hex) to give the fitie compound (1.42 g, 76%)."H NMR
(500 MHz, ds-DMSQO) 6 8.30 (s, 1H) 8.05 (dd, 1H) 8.04 (s, 1H) 7.67 (d, 1H) 7.55 (m, 1H) 7.07
(d, 1H} 6.98 (m, 1H) 8.87 (s, 1H) 3.87 (s, 3H) 3.76 (s, 3H); MS (m/i): 423.09.

Praeparation of Compound 061: 2-{4-Oxo-8-{pyridin-3-viethynvliguinazolin-3{(4H}-vh-2-

ohenvi-N-{thiazol-Z-vilacetamide

A mixture of 2-(B-icdo-4-oxoguinazolin-3(4H)-yh)-2-phenyl-N-(thiazol-2-yhacetamide
{100 mg, 0.2 mmol}, triphenylphosphine (11 myg, 0.04 mmol), 3-ethynyi pyridine (32 mg, 0.3
mmol} and tiethylamine (85 ul, 0.8 mmol) in DMF (2 mL) was degassed and re-suffused
with nitrogen. PA(FPh:)Cle (14 mg, 0.02 mmol} and Cu(Dl (4 mg, 0.02 mmol) were added
and the reaction mixture was heated at 100°C for 4 hours. After cooling, the reaction mixture
was purified by reverse phase HPLC eluting with 0-80% ACN/water (TFA modifier) to give
the title compound (7.6 mg, 8%). "H NMR (500 MHz, de-DMS0) 3 8.84 {m, 1H) 8.62 (dd, 1H)
8.35 (d, 1H) 8.07 (m, 1H) 8.03 (dd, 1H) 7.90 (s, 1H) 7.76 (d, 1H) 7.52 (m, 5H) 7.45 (m, 2H)
7.32 {d, 1H) 6.88 (s, 1H); MS (m/z): 463.8 [M+1]".
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Preparation of 2-{8-Flucro-2-hydroxyphenyi}-2-{8-{4-{ 1-methyipiperidin-4-yiiphenyi}-4-

oxoguinazolin-3(4Hi-vi}-N-(pyridin-2-vllacetamide; hydrochloride (082)

Scheme 8
Br Br :
N MOM-CI (0B, e
HO N - /O\/O /L% L0z )2 Et N, OH HCI
ﬂ\/ NaH, THF A Buli, THE, 780 OO e
F NaDAc, EtOH
80°C
< o, N HoN
- NH, o 2
EO Raney Ni EtD lk/ :I\HJ@\B.' E
o —_— 00 \ ! EtO ~8r
P g . Ammmmmmanmemnamansemnnennn
Hy (50psh i s PN .
EIOH/THF, 70°C FEt,N, THF, 40°C |
F
i
(e}
N O
o P OO
E0)CH N A M EtO
- EtO Br o o
1oec 0.0 o] PdCldppte, KoCDy

dioxane, H,0, 108°C

F
]
LIOH Mo SN,
THEAMEOH OO HATU
feater i DIPEA, DMF N\

DeM
5
2-Bromo-4-flucsre-1-(methoxymethoxyibenzene
Br
/O\/O O
=~ ~F
10 Sodium hydride {23.0 g, 575 mmol, 60% in mineral oil) was added to a solution of 2-

bromo-4-flucro-phenc! (100 g, 523 mmol) in THF (1 L) at © °C for 4 h, followed by addition of
methoxymethyi chioride (449, 801 mmpol). After stirring at room temperature for 10 h, the
reaction mixture was guenched by water and exiracted with ethyl acetate three times. The
combined organic extracts were washed with brine, dried over sodium sulfate, filtered and

18 concenfrated under reduced pressure. The crude product was purified by silica gel column

106



10

15

20

25

WO 2020/257632 PCT/US2020/038705

chromatography eluting with 1-10% ethyl acetate in petroleum ether to give the title
compound {80 g, 65%). '"H NMR (400 MHz, CDCl) 8: 7.30 (dd, 1H), 7.12 (dd, 1H), 6.97 (m,
1H), 5.07-5.24 (m, 2H), 3.46-3.62 (m, 3H).

Ethyi 2-15-fluoro-2-{methoxymethoxyiphenvil-2-oxo-acetate

n-Butyllithiun (2.5 M in hexane, 142 mib, 357 mmol} was added dropwise {0 a
solution of Z-bromo-4-flucro-1-(msethoxymethoxy)benzens (80.C g, 340 mmol) in THF (1 L) at
-78 °C. After stirring at -78 °C for 1 h, the reaction mixture was cannulated to a pre-cooled (-
78 °C) solution of diethy! oxalate (74.4 g, 510 mmol) in THF (500 mi). Upon completion of
addition, the reaction mixiure was aliowed to warm {o room temperature. The reaction
mixiure was quenched by waler and extracted with ethyl acetate three times. The combined
organic extracts were washed with brine, dried over sodium sulfate, filtered and
concentrated under reduced pressure. The crude product was purified by silica gel column
chromatography eluting with 10% ethyl acetate in petroleum ether fo give the fitle compound
(70 g, 80%;). 'H NMR (400 MHz, CDCl;) 8: 7.57 (dd, 1H), 7.28-7.31 {m, 1H), 7.18-7.23 (m,
1H), 515 (s, 2H), 4 37-4 43 (m, 2H), 3.48-3.50 (m, 3H}, 1.35-1.41 (m, 3H).

Ethyi-2-[5-fluore-2-{methoxymethoxviphenvil-2-hydroxviming-acetate
O
_OH
c AN

|
P O”\/O\i@\
N

Ethyt 2-[5-fluoro-2-(methoxymethoxy)phenvil-2-oxg-acetate (70.0 g, 273 mmaol) and

sodium acetate (44.7 g, 132 mmol) were added to a sclution of hydroxylamine hydrochioride
(37.9 g, 546 mmol) in ethanot (500 mb}. After stirring at 80 °C for 2.5 h, the solvent was
removed under reduced pressure and the resulting residue was partitioned between water
and dichioromethane. The agqueous phase was extracied with additional dichloromethane.
The combined organic exiracts were washed with bring, dried over sodium sulfate, filtered

and concenirated under reduced pressure to give the title compound (68 g, 92%). 'H NMR
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(400 MHz, CDCly) 5: ©.76 (br s, 1H), 7.17-7.23 (m, 1H), 7.07-7.14 (m, 2H), 5.10 (s, 2H),
4.31-4.39 (m, 2H), 3.44-3.48 (m, 3H), 1.35-1.40 (m, 3H).

Ethyi 2-amino-2-[5-fluora-2-{methoxymethoxyiphenyllacetate

Ethyl-2-[5-fluoro-2-(methoxymethoxy)phenyil-2-hydroxyimino-acetate (34.0 g, 125
mmol} was added to a solufion of Raney Ni (1.46 g, 25.0 mmol) in EtOH/THF (650 mL, 4/1).
The flask was evacuated and backfilled with hydrogen and the reaction mixture was allowed
te stir at 70 °C under an atmosphere of hydrogen (80 psi) for 24 h. The reaction mixture was
filtered through a pad of Celite which was washed several times with ethanol. The filtrate
was concentrated under reduced pressure and purified by silica gel chromatography eluting
with 33% ethyl acetate in petroleum ether to give the title compound (30.6 g, 48%). 'H NMR
(400 MHz, DMSO-de) 8: 7.23 (dd, 1H), 7.04-7.08 (m, 2H), 5.14-5.18 (m, 2H), 4.66 (s, 1H),
3.92-4.12 (m, 2H), 3.37 (s, 3H), 1.06-1.22 (m, 3H).

Ethyl 2-[{2-amino-5-bromo-benzoviiaminol-2-{5-flucoro-2-{methoxvmethoxyighenvll-

acetate

Triethylamine {7.85 g, 77.6 mmol) was added o a solution of ethyl 2-amino-2-[5-
fluoro-2-{methoxymethoxy)phenvllacetate (10.0 g, 38.8 mmol) and B-bromo-2 4-dihydro-1H-
3,1-benzoxazine-2,4-dione (10.3 g, 42.8 mmol) in THF (80 mL). After stirring at 40 °C for 3
h, the solvent was removed under reduced pressure. The crude product was purified by
silica gel column chromatography eluting with 25% ethyl acetaie in petroleum ether to give
the titte compound (5 g, 28%). 'H NMR (400 MHz, DMSO-de) 8. 8.95 {d, 1H), 7.77 (d, 1H),
7.29 {dd, 1H), 7.15-7.22 {m, 3H}, 8.69 (d, 1H}, 8.57 (s, 2H), 5.98 (d, 1H), 5.19-527 (m, 2H),
4.09-4.18 {m, 2H), 3.38 (s, 3H), 1.14-1.18 (m, 3H).

Ethvi 2-(8-bromo-d-oxo-guinazolin-3-yi-2-I5-fluore-2-{methoxymethoxyiphenviliacetate
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Br

A solution of ethyt 2-[(2-amino-5-bromo-benzovamino}-2-[5-fluoro-2-
{methoxymethoxy)-phenyilacetate (5.25 g, 11.5 mmol} in triethoxy methane (20 mb) was
stirred at 110 °C for 22 h. After cooling to room temperature, the solvent was removed under
reduced pressure. The crude product was purified by silica gel column chromatography
eluting with 10-33% ethyl acetate in petroleum ether o give the title compound (2.2 g, 41%;).
H NMR (400 MHz, DMSO-ds) 8: 8.25-8.29 (m, 2H), 8.02 (dd, 1H), 7.66 (d, 1H), 7.26-7.37
(m, 2H), 7.14-7.21 (m, 1H), 6.68 (s, 1H), 5.17-5.25 (m, 2H), 4.22-4.30 {m, 2H), 3.26 (s, 3H)
1.156-1.25 (m, 3H).

Ethyi 2-15-fluoro-2-{imethoxvmethoxyiphenvil-2-16-[4-(1-methyl-4-piperidyiiphenvil-4-

oxo-guinazolin-3-vilacetate

A mixture of ethyl 2-(6-bromo-4-oxo-gquinazolin-3-yh-2-[5-flucro-2-(methoxymethoxy)-
phenyllacetate (2.2 g, 4.72 mmol), 1-methyl-4-[4-(4 4 5 5-tetramethyl-1,3,2-dioxaborolan-2-
yhiphenylipiperidine (1.98 g, 6.60 mmol), potassium carbonate (1.96 g, 14.1 mmol) and
dioxanefwater (20 mlL, 4/1) was degassed with nitrogen gas. [1,1’ Bis(diphenylphosphino)-
ferrocens|dichioropaliadium(ll) complex with dichloromethane (0.690 g, 0.844 mmol} was
added and then the reaction was degassed under nitrogen once more. The reaction mixture
was heated at 105 °C for 3 h. After cooling to room temperature, the reaction mixture was
poured into water and exiracted with ethyl acetate three times. The combined organic
exfracts were washed with brine, dried over sodium sulfate, fillered and concenirated under
reduced pressure. The crude product was purified by silica gel column chromatography
eluting with 0-15% methanol in dichloromethane to give the title compound (1.8 g, 68%). M3
vz, 560.4 [M+1]
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2-[5-Fluoro-2-imethoxymethoxyiphenyl]-2-[6-[4-{1-methyl-4-piperidyiiphenvil-4-0x0-

quinazolin-3-yHacetic acid

Lithium hydroxide monochydrate {0.404 g, 9.62 mmel) was added to a solution of ethyl
2-[5-fluoro-2-{imethoxymethoxy)phenyll-2-[6-{4-(1-methyl-4-piperidyl)-phenyl}-4-oxo-
guinazolin-3-yljacetate (1.80 g, 3.21 mmol} in THF/MeOH/water (30 mL, 1/1/1). After stirring
at the room temperature for 3 h, the solvent was removed under reduced pressure and the
resulting residue was adiusted to pH 3 by HCI {1 M). The resulting solid was collected by
filiration and washed with water to give the title compound (1.5 g, 88%). MS m/z: 532.1
[M+1]"

2-I5-Fluoro-2-{methoxyvmethoxyiphenvil-2-[6-[4-{1 -methyl-4-piperidyliphenvil-4-oxo-

quinazolin-3-vil-N-{Z-pyridyDacetamide

DIPEA (0.434 ¢, 3.38 mmol) was added 10 a solution of 2-[5-fluoro-2-
(methoxymethoxy)-phenyil-2-[8-[4-(1-methyi-4-piperidy-phenyl}-4-oxo-quinazolin-3-yljacetic
acid (0.600 g, 1.12 mmol}, 2-aminopyridine (0.158 g, 1.68 mmeol) and HATU (0638 g, 1.68
mmol} in DMF (10 mb). After stirring at room temperature for 10 h, the solvent was removed
under reduced pressure. The crude product was purified by silica gel column
chromatography eluiing with 0-10% methanol in dichloromethane to give the fitle compound
(0.20 g, 29%). MS mvz: 608.5 [M+1]".
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2-{8-Fluoro-2-hydroxyphenyi)-2-{8-{4-{1-methvipiperidin-4-viighenvii-4-oxoguinazolin-
J{4H-vh-N-{pyridin-2-yllacetamide: hydrochloride {§82)

HClin dioxane (4 M, 0.102 mL, 0.408 mmol) was added to a solution of 2-[5-fluoro-2-
{methoxymethoxyphenyl]-2-[6-[4-(1-methyl-4-piperidyliphenyli-4-oxo-quinazolin-3-yl}-N-(2-
pyridyliacetamide (0.200 g, 0.329 mmol) in dichloromethane (5 mL). After stiring for 1 h at
room temperature, the solvent was removed under reduced pressure. To the residue was
added diethyl ether and the resulting solid was isolated via filtration to give the title
compound {130 mg, 68%). 'H NMR (DMSO-des) 6: 8.40 (d, 1H), 8.34-8.39 (m, 1H), 8.19 (m,
1H), 8.08-8.14 {m, 1H), 7.83-7.90 {m, 2H), 7.75-7.81 (m, 3H), 7.40 (d, 2H), 7.14-7.25 (m,
2H), 8.85-7.08 (m, 3H), 3.44-3.54 {m, 2H), 3.02-3.17 (m, 2H), 2.83-2.94 (m, 1H), 2.78 (d,
3H), 1.94-2.15 {m, 4H). M3 m/z: 564 .3 [M+1]".

Compeounds 083 and 084 were prepared following the procedure used to prepare

Compound 082 from the corresponding MOM-protecied intermediates.

2-{5-Fluorg-2-hyvdroxyphenyil-2-{8-fluore-6-(4-{1-methyipiperidin-4-yhiphenyii-4-

oxoquinazolin-3{dH}-vil-N-{thiazol-2-vllacetamide {083}

H NMR (500 MHz, ds-DMSO) 6 10.24 (s, 1H) 9.37 (br s, 1H) 7.97 (m, 1H) 7.90 (s, 1H) 7.80
(d, 3H) 7.52 (d, 1H) 7.39 (d, 2H) 7.32 (d, 1H) 7.21 (m, 1H) .96 (dd, 1H) 6.93 (dd, 1H) 5.86
(s, 1H) 3.55 (d, 2H) 3.12 (m, 2H) 2.87 (m, 1H) 2.83 (d, 3H) 2.07 (m, 2H) 1.86 (m, 2H): MS
(m/z): 588.28.
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2-{8-Fluoro-2-hydroxyphenyi)-2-{6-{4-{1-methvipiperidin-d-viishenyi}-4-oxopyrido 3, 2-
dipyrimidin-3{4H}-yh-N-{thiazol-2-vijacetamide {084}

1H NMR (500 MHz, de-DMSO) 8 10.23 (s, 1H) 9.32 (or s, 1H) 8.46 (d, 1H) 8.22 (d, 3H) 7.99
(s, 1H) 7.53 (d, TH) 7.45 (d, 2H) 7.33 (d, 1H) 7.22 (m, 1H) 6.96 (m, 3H) 3.55 (d, 2H) 3.11 (m,
2H) 2.91 (m, 1H) 2.84 (d, 3H) 2.09 (d, 2H) 1.88 (m, 2H): MS (mvz): 571.31.

2-{2-Fluoro-s-hyvdroxyphenyil-2-{6-{4-{4-methvipiperazin-1-yviiphenvli-4-oxoquinazolin-
S{4H-vii-N-{thiazol-2-yl}acetamide (888}

a (\f/\W

Sm

LN

A solution of BBr; (1M in DCM, 1.37 mlL, 1.37 mmol) was added to a solution of 2-(2-
fluore-S-methoxyphenyh)-2- (8- {(4-{4-methyipiperazin- t-yhiphenyh-4-oxoquinazolin-3{(4H)-yi)-

N-(thiazol-2-yhacetamide trifluoroacetacetate (181 mg, 0.273 mmol) in dichloromethane (50
mb} ai ~78° C and the reaction was slirred at room temperature overnight. it was again
cooled (o -78° C, a further solution of BB (1M in DCM, 2.73 mi, 2.73 mmol) was added and
the mixture stirred overnight af room temperature. Dichloromethane (100 mL) and saturated
brine {100 mL) were added, and NaHCO, was added to adjust the pH to 7. The mixture was
extracted with dichloromethane (3 x 50 ml.), and the combined organic layer was washed
with saturated brine. The solvent was removed, and the residue was purified by reverse
phase HPLC eluting with 1-80% ACN/H0 (0.038 % TFA modifier) to give the title compound
(47 mg). "H NMR (800 MHz, ds-DMSQ) § 10.82 (s, 1H) 8.80 (br s, 1H) 8.36 (d, 1H) 8.18 (dd,
THY 7.97 (s, 1H) 7.77 (d, 1H) 7.75 (d, 2H) 7.48 (d, 1H) 7.39 (m, 1H) 7.26 (d, 1H) 7.18 (d, 2H)
7.08 (s, 1H)Y 6.80 (d, 1H) 6.79 (m, 1H) 3.98 (d, 2H) 3.54 (m, 2H) 3.19 (m, 2H) 3.05 (m, 2H)
2.88 (s, 3H);, MS (m/z): 571.28

The following compound was prepared in a similar manner to Compound 085,
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2-{2-Fluoro-6-hydroxyphenyi)-2-{8-{4-{1-methvipiperidin-4-viighenvii-4-oxoguinazolin-
(4H-vh-N-{thiazol-2-yllacetamide (388}

H NMR (500 MHz, do-DMSO0) & 10.84 (s, 1H) 9.52 (br s, 1H) 8.42 (d, 1H) 8.20 (dd,
1H) 8.00 (s, 1H) 7.80 (m, 3H) 7.57 (m, 1H) 7.48 (d, 1H) 7.40 (d, 2H) 7.38 (m, 1H) 7.26 (d,
1H) 7.06 (s, 1H) 6.81 (d, 1H) 6.79 (m, 1H) 3.54 (d, 2H) 3.11 (m, 2H) 2.88 (m, 1H) 2.84 (d,
3H) 2.07 (m, 2H) 1.89 (m, 2H); MS (m/z): 570.25.

Example 2. HTRF-based EGFR biochemical assays

EGFR biochemical activity measurements were carried out using the homogeneous

time-resolved fluorescence (HTRF) assay (Cishio). Inhibitors and DMS0 normalizations
were first dispensed to empty black low-volume 384-well plates (Corning) with D300 digital
liguid dispenser (HFP). All reactions were carried out at room temperaiure and solutions were
added to plates with a Multidrop Combi Reagent Dispenser (ThermoFisher). The reaction
mixture (10 yb final volume) contained 1 UM tyrosineg kinase peptide-biotin substrate and
mutant EGFR in a reaction buffer (50 mM HEPES pH 7.0, 5 mM MgClz, 1 mM MnClz, 0.01%
BSA, 2 mM TCEP, 0.1 mM NaVQy). Enzyme concentrations were adjusted to accommodate
varying kinase activities (LB58R C.1 nM, LBSBR/T790M .02 nM). Enzyme reaction solution
(2x concentrations, 5 YL.) was added to 384-well plates containing compounds and
incubated for 30 mins. Enzyme reactions were initiated with the addition of 5 pl. of ATP o a
final concentration of 100 yM and reacted for 20 mins. Reactions were quenched with the
addition of 10 pl of phospho-tyrosine antibody-Europium{iil) cryptate (1-10-180 volume ratio}
and Streptavidin-XL665 (46.7 nM) in EDTA-containing detection buffer, then incubated at
room temperature for 1 hour, and read with a PHERAsiar plate reader (excitation = 337 nm,
emission = 820 nm and 665 nm). ICsp values were determined by inhibition curves (11-point
curves from 1.0 uM o 0.130C nM or 23-point curves from 1.0 uM to 0.130 pM) in triplicate
with non-linear ieast squares fit in GraphPad Prism 7.0d. The resuits of the HTRF-based

EGFR biochemical assays are summarized in Table 12 below.
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Compound No. | ICs, (LB5SR/TTI0M) (nM} | ICso (L858R) (nM)
001 62 1260
002 35 275
003 16 245
004 29 521
005 91 > 1000
006 36 > 1000
007 48 > 1000
008 84 > 1000
609 10 > 1006
010 54 1840
011 16 195
012 8 17
013 14
014 0.2
015 1
018 1
017 3 7
018 2 12
019 5 35
020 5 26
021 16 103
022 0.6
023 3
024 1
025 3
026 10 67
027 18 209
028 7 21
029 18 o1
030 1
031 0.2
032 0.4 4
033 2 51
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034 18 >1000
035 11 101
036 0.3
037 1
038 2
028 S 181
040 1 8
041 31 >1000
042 4 35
043 16 90
044 283 >1000
045 297 >1000
053 1
054 42 a1
055 79 264
056 7 32
057 7 50
058 2 8
059 8 48
060 0.6 4
062 220 >1000
063 28 260
064 78
065 29
066 02 2
067 1 13
068 0.7 5
069 0.5 7
070 0.2 1
071 Q7 5
072 1 12
073 08 7
074 06 S
075 0.4 1
078 0.7 3
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Q77 17 35
078 1 8
082 02 1
083 04 0.2
084 0.4 0.4
085 2 8.
088 0.4 2

Example 3. Ba/F3 cell proliferation models

The EGFR mutant LB58R, Del E748_A750, LBS8R/TYSOM, Del E748_AY50/T7O0M,
LBEBR/T7O0MICTEYS, and Del/T70M/CT97S Ba/F3 cells have been previously described
(Zhou, W., et al. Nature 462, 2009, 1070-1074). Ali cell lines were maintained in RPMI 1640
(Cellgro; Mediatech inc., Hermndon, CA) supplemenied with 10% FBS, 100 units/mL. peniciilin,
100 units/mi. streptomycin. The £EGFR [841R mutation was introduced via site directed
mutagenssis using the Quick Change Site-Directed Mutagenesis kit (Siratagens; La Jolla,
CA) according to the manufacturer's instructions. All constructs were confirmed by DNA
sequencing. The constructs were shuttled into the retroviral vector JP1540 using the Cre-
recombination system (Agilent Technologies, Santa Clara, CA). Ba/F3 cells were then
infected with retrovirus per standard profocols, as described previcusly (Zhou, et al, Nature
2008). Stable clones were obtained by selection in puromycin (2 pg/mi).

Growth and inhibition of growth was assessed by the Cell Titer Glo assay (Promega,
Madison, Wi} and was performed according to the manufacturer's instructions. The Cell Titer
Glo assay is a luminescence-based method used {o determine the number of viable cells
hased on quantitation of the ATP present, which is directly proportional to the amount of
metabolically aclive cells present. Ba/F3 cells of different EGFR genotypes were exposed {o
compounds as a single agent or in combination with 1ug/ml cetuximab for 72 hours and the
number of cells used per experiment was determined empirically as has been previously
astablished (Zhou, et al., Nafure 2008). All experimental points were sel up in triplicates in
384-well plates and all experiments were repeated al least three times. The luminascent
signal was detected using a spectrometer and the data was graphically displayed using
GraphPad Prism version 5.0 for Windows, {(GraphPad Software; www.graphpad.com). The
curves were fitted using a non-linear regression model with a sigmoidal dose response. The

iCso values measured are shown in Table 13 below.
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Table 13; inhibition of Proliferation of EGFR L358R/T790M mutant Ba/F3 Cells

Compound Cell 1Cs, BaF3 LB58R/TTO0M Cell i{Css EGFR BaF3
No. compound + cetuximab {uM) LBSSR/TTO0M (ul)
001 8.3 >10
002 0.8 >10
003 2.0 >10
004 0.79 =10
005 4.8 >10
006 1.8 >10
007 1.5 >10
008 2.5 >10
009 > 10 >10
010 > 10 >10
011 0.35 >10
012 0.2 2.15
013 0.38 2.00
014 0.005 0.51
015 0.02 2.32
016 0.02 1.19
017 0.062 1.27
018 0.072 1.52
019 0.044 1.85
020 0.78 1.42
021 0.97 2.90
022 0.02 1.26
023 0.11 2.41
024 0.09 1.77
025 0.02 0.90
026 0.56 1.22
027 1.7 3.48
028 0.088 1.58
029 0.56 3.45
030 0.004 0.80
031 0.01 1.35
032 0.021 1.58
033 0.044 1.55
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034 1.8 >10
0358 0.35 >10
0386 0.023 0.92
037 0.022 2.65
038 0.057 1.86
038 0.076 1.78
040 0.76 4.07
041 >10 >10
D42 0.25 1.46
043 0.38 216
044 0.79 2.46
045 4.1 410
053 0.002 0.35
054 0.41 2.48
085 1.5 3.94
056 0.41 3.97
057 0.7 4.73
058 0.012 0.93
059 0.084 1.37
060 0.008 0.71
061 0.028 482
062 >10 >10
063 4.1 =10
064 0.48 6.15
065 0.38 7.81
068 0.02 1.88
087 0.041 3.98
068 0.018 1.56
069 0.023 2.81
070 0.005 0.55
071 0.020 2.37
072 0.055 1.60
073 0.015 1.94
074 0.022 2.35
75 0.007 1.08
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076 0.044 3.36
077 2.1 ©.46
078 0.862 4,20
082 0.002 0.23
083 0.008 0.04
084 0.048 0.86
085 0.066 577
086 0.033 3.16

The disclosed subject matter is not to be limited in scope by the specific
emboediments and examples described herein. Indeed, various modifications of the
disclosure in addition o those described will become apparent o those skilled in the art from
the foregoing description and accompanying figures. Such modifications are intended to fall
within the scope of the appended claims.

All references (e.g., publications or patents or patent applications) cited herein are
incorporated herein by reference in their entirety and for all purposes to the same extent as if
each individual reference (e.g., publication or patent or patent application) was specifically
and individually indicated to be incorporated by reference in its entirety for all purposes.

Other embodiments are within the following claims.
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CLAIMS
1. A compound of Formula I
W
o W ; X\‘*:Y
A ! }
N
~
N 2
H)Kr” :
R' O

H

or a pharmaceutically acceptable salt thereof;

wherein:

Als a 6-10 membered aryt or a 5-10 membered helercanyl,

W and W2 are each, independently, CH, CR®, or N;

X and B are sach, independently, N, CH, CF, or C-{C4-C; alkyl);

Y and Z are each independently N, CH, or CRZ;

provided that at least one of X Y, Z, or B is CH;

R is phenyl or pyridinyt, wherein phenyl! or pyridinyl is optionally substituted one or
two times, independently, with R”;

R2 is independently, at each ocourrence, selected from the group consisting of halo,
6-10 membered aryl, 5-6 membered hateroaryl, 3-6 mambered cycloalkyl, 3-8 membered
cycloalkeny!, 4-7 membered heterocycloallyl, OR?, NRR?, SO.R4, SONHR*, NHSO:R?,
C{OYOR4, C{OINHR?, C(O)R?, C1-Cs alkyl, C2-Cs alkenyl, and C-Cs alkynyl, wherein 6-10
memberead aryl, 5-10 membered heteroaryl, 4-7 membered heterocycloalkyl, and 3-8
membered cycloatkyl are optionally substituted with R?, and wherein Ci-Cs alkyl, C2-Cs
atkenyl, or C-Cp alkynyl are each optionally substituted one, two, or three times with R¥,

R® is selected from the group consisting of halo, ~-OH, -SH, -CN, ~-NO;, -NH,, OR*,
NR4RH, SOR4, SONHRE NHEO R4, C{O0OR4, CIOINHR®, C(O)R4, C4-Ce alkyl, Cz-Ce
alkenyl, C>-Cs alkynyl, 6-10 membered aryl, 5-6 membered heteroaryl, 3-8 memberad
cycloalkyl, 3-6 membered cycloalkenyl, and 4-7 membered heterocycle, wherein 4-7
meamberad heterocycle is optionally substituted with C4-Cy alkyl, C+-C4 alkyl-OH, halo, and
=,

R* is independently, at each cccurrence, selected from the group consisting of
hydrogen, (CHales-(3-7 membered cycloalkyl), {CHz)os-(4-7 membered cycloalkenyl), (CHa)o.
5~{8-10 membered aryl}, (CHz)os-(5- to 6-membered heteroaryl), or {CHa)pa-(4-to 7-
membered heterocycloalkyl), wherein 6-10 membered aryl, 5- to 6-membered heteroaryl, or
4- 1o 7-membered heterocycloalkyl are each optionally substituted one, two, or three times
with R®;

R® is independently, at each occurrence, selected from the group consisting of C+-Cs
alkyl, C+-Cs haloalkyl, Ci-Co alkoxy, C1-Cs haloalkoxy, halo, COOH, C{O)O(C-Cs alkyl),
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O(CHz)1aOH, NHp, OH, CN, (CHz)o-a(6-10 membered aryl), (CHz)o3(5- fo 68-membered
heteroaryl), and (CHa)o.s(4- to 7-membered heterccycloalkyl), wherein 6-10 membered aryl,
5~ to 8-membered hetercaryl, and 4~ to 7-membered heterocycloalkyl are optionally
substituted with one or more substituents independently selected from C4-Cg alkyl, C1-Cs
haloalkyl, C4-Cs alkoxy, C-Cg haloalkoxy, halo, NH,, NH{C4-Cq alkyl), N(C-Ce alkylly,
SOaNH,, (CHy).20H,
COHCTH120H, and COYO(C1-Ce alkyl);

R® is independently, at each occurrence, C+Cs alkyl or halo; and

R7 is independently, at each cccurrence, C4-Cs alkyl, C+-Cs haloalkyl, C1-C5 alkoxy,
C+-Cs haloalkoxy, halo, OH, SH, NO2, NHs, (CH2)1.40H, S(OlazH, S{O)o.2NH2, or CN.

2. The compound of claim 1, wherein the compound of Formula § is a compound of

Formula il

(i)

or a pharmaceutically acceptable salt thereof;

wherein:

Ais a B-10 membered aryl or a 5-10 membered heteroaryi;

VW and W2 are each, independently, CH, CR® or N;

R? is selected from the group consisting of absent, halo, 8-10 membered aryl, 5-10
memberad heteroaryl, and 3-6 membered cycloalkyl, wherein 6-10 membered aryl, 5-10
membered heteroaryl, and 3-6 membered cycloalkyl are optionally substituted with R,

R? is selected from the group consisting of halo, -OH, -SH, -CN, -NOy, -NHz, CT+Cs
alkyt, Cx-Ce alkenyl, Cx-Te alkynyl, 8-10 membered aryl, 5-86 membered heteroaryi, 3-6
membered cycloatkyl, 3-6 membered cycloalkenyt, and 4-7 membered heterocycle, wherein
4-7 membered heterocycle is optionally substituted with C+-Cs alkyl, €,-Cy4 alkyl-OH, halo,
and =0;

R7 is sslected from the group consisting of halo, -OH, -SH, -CN, -NO;, and -NH;;

mis 8, 1, or2; and

nistor2.

3. The compound of claim 1 or 2, wherein R7 is absent.
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4, The compound of claim 1 or 2, wharein R7 is halo.

5. The compound of claim 1 or 2, wherein R7 is fluoro.

8. The compound of any one of claims 1-5, wherein A is 5-8 membered heteroaryi.
7. The compound of any one of claims 1-8, wherein A is thiazole.

8. The compound of any one of claims 1-6, wherain A is pyridine.

9. The compound of any one of claims 1-8, wherein R? is selected from the group

consisting of absent, halo, 6-10 membered aryl, 5-10 membered heteroaryl, and 3-6

membered cycloalkyl, wherein 6-10 membered aryl is optionally substituted with R*.

10. The compound of any one of claims 1-9, wherein R? is halo.

11. The compound of any one of claims 1-10, wherein R2 is bromo.

12. The compound of any one of claims 1-10, wherein R? is fluoro.

13. Tha compound of any one of claims 1-8, wherein R2 is phenyl further substituted with
R®.

14. The compound of any one of claims 1-13, wherein R® is & 8-membered haterocycle
optionaily substituied with C4-Cy alkyl.

18. The compound of claim 13 or 14, wherein R® is piperidine further substituted with

methyl.

18. The compound of claim 13 or 14, whersin R® is piperazine further substiluted with

methyt,
17. The compound of any one of claims 13-18, wherein R® is in the para position.
18. The compeound of any one of claims 1-17, wherein the compound of Formula lis a

compound of Formuia i
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any

or a pharmaceutically acceptable salt thereof,

19. The compound of any one of claims 1-17, whersin the compound of Formula lis a

& /\N? N ];/\;r----(w

=

RNt I

compound of Formula 1V

or a pharmaceutically acceptable sali thersof.

20. The compound of any one of claims 1-17, wherein the compound of Formula l is a

compound of Formula V-

S ? NM (R )r

J

=
(R L
or a pharmaceutically acceptable salt thereof.

21. The compeound of any one of claims 1-17, wherein the compound of Formula lis a

compound of Formula Vi

(V)

or a pharmaceutically acceptable salt thersof
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22. The compound of any one of claims 1-17, wherein the compound of Formula | is a

compound of Formuia Vi

(Vi)

or a pharmaceutically acceptable salt thereof.

23. The compound of any one of claims 1-17, wherein the compound of Formula | is a

compound of Formuia Vill:

(VD)

or a pharmaceutically acceptable salt thereof.

24, The compound of claim 1, wherein the compound of Formula | is selected from the

group consisting of:

\Br

/ S O /N ;

{/\'? <
N»;A\ﬁ/ﬂ\/

5
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N,

)

S 0 =

L) £
H

MOMO -,
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or a pharmaceutically acceptable salt thereof

25. A pharmaceutical composition comprising a compound of any one of claims 1-24, or
a pharmaceutically acceptable salt thereof, and at least one pharmaceutically acceptabie

carrier.

26, The pharmaceutical composition according to claim 25, wherein the composition

further comprises a second active agent.
27. The pharmaceutical composition according to claim 26, wherein the second active
agent is selected from the group consisting of a MEK inhibitor, a PI3K inhibitor, and an mTor

inhibitor.

28. The pharmaceutical composition according to claim 26, whersin the second aclive

agent prevents EGFR dimer formation in a subjsct.

29. The pharmaceutical composition according to claim 28, wherein the second active

agent is selected from the group congisting of cetuximab, trastuzumab, and panitumumab,

30. The pharmaceutical composition according to claim 26, wherein the second active
agent is an ATP competitive EGFR inhibitor.

31 The pharmaceutical composition according to claim 30, wherein the ATP competitive
EGFR inhibitor is osimertinib.
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32. A method of treating cancer in a subject in need thereof, comprising administering to
the subject a therapeutically effective amount of a compound according to any one of claims

1-24 or a composition according o any one of claims 25-31.

33. The method according fo claim 32, wharein the cancer is selected from the group
consisting of lung cancer, colon cancer, breast cancer, endomeltrial cancer, thyroid cancer,

glioma, squamous cell carcinoma, and prostate cancer.

34. The method according to claim 32, wherein the cancer is non-small cell lung cancer
(NSCLC).

35. A method of inhibiting a kinase in a subject in need thereof, comprising administering
fo the subject a therapeutically effective amount of a compound according to any one of
claims 1-24 or a composilion according to any one of claims 25-31.

358, The method according to claim 35, wherein the kinase is EGFR.

37. A method of treating or preventing a kinase-mediated disorder in a subject in need
thereof, comprising administering {o the subject a therapeutically effective amount of a
compound according o any one of claims 1-24 or a composition according to any one of

claims 25-31.

38. The method according o claim 37, wherein the Kinase-mediated disorder is resistant

to an EGFR-targeted therapy.

38 The method according to claim 38, wherein the EGFR-treated therapy is selected
from the group consisting of gefitinib, erlotinib, osimertinib, C0O-1686, and WZ4002.
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