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ALLOSTERIC EGFR INHIBITORS AND METHODS OF USE THEREOF

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
This invention was made with government support under Grant No. R0D1 CA201048
awarded by the National instituie of Health (NIH). The govermnment has cerain rights in the

invention.

RELATED APPLICATIONS
This appiication claims priority to U.S. provisional application no. 62/833,776, filed
November 11, 2019, and U.8. provisional application no. 83/030,855, filed May 27, 2020, the

contents of which are incorporated hereain in their entirety,

BACKGROUND

The epidermal growth factor receptor (EGFR, Erb-B1) belongs 1o a family of receptor
tyrosine kinases that mediate the proliferation, differentiation, and survival of normal and
malignant cells (Arteaga, C. L., J. Clin. Oncol. 18, 2001, 32-40). Deregulation of EGFR has
been implicated in many types of human cancer, with overexpression of the receptor present
in at least 70% of human cancers (Seymour, L. K., Curr. Drug Targefs 2, 2001, 117-133),
including non-small lung cell carcinomas, breast cancers, gliomas, sguamous cell
carcinomas of the head and neck, and prostate cancer {(Ravmond, k., el al., Drugs 80
(Suppl. 1), 2000, 15-23, discussion 41-2; Salomon, . 8, et al., Cnt. Rev. Oncol. Hematol.
19, 18995, 183-232; Voldborg B. R, et al,, Ann. Oncol. 8, 1897, 1197-1206). EGFR has,
therefore, emerged as an atiractive target for the design and development of diagnostic and
therapeutic agents that can specifically bind and inhibit the receptor’s tyrosine kinase activity
and signal fransduction pathway in cancer cells. For example, the EGFR tyresing kinase
(EGFR-TK) reversible inhibitor TARCEVA RTM is approved by the FDA for freatment of
NSCLC and advanced pancreatic cancer. Cther anti-EGFR targeted molecules have aiso
bean approved, including LAPATINIB RTM and IRESSA RTM.

Epidermal growth factor receptor (EGFR) tyrosine Kinase inhibitors (TKis) are
affective clinical therapies for EGFR mutant advanced non-small cell iung cancer (NSCLC)
patients (Mok, T. 5., et al., N. Engl. J. Med. 381, 2008, 847-57; Paez, 1 G., et al., Science
304, 2004, 1497-5800; Lynch, T. J., et al,, N. Engl. J. Med. 350, 2004, 2128-39; Rossll, R, et
al., Lancet Oncol. 13, 2012, 239-46). Several randomized clinical trials have demonstrated
that EGFR Tils are more effeclive, as measured by response rate (RR) and progression
free survival (PFS), than chemotherapy when used as initial systemic freatment for
advanced EGFR mutant NGCLC (Mok, T. 5., et al., N. Engl. J. Med 361, 2008, 947-57;
Rossell, R, et al., Lancet Oncol. 13, 2012, 239-46; Sequest, L. V. et al., J Ciin. Oncol. 31,
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2013, 3327-34; Wu, Y. L., et al,, Lancef Oncol. 15, 2014, 213-22; Masmondo, M., et al, N
Engl. J. Med. 382, 2010, 2380-8, Zhou, C., et al., Lancet Oncol. 12, 2011, 735-42;
Mitsudomi, T., et al,, Lancet Oncol. 11, 2010, 121-8). However, the vast majority of patients
will develop disease progression following successful freaiment with an EGFR TKI. The
most common mechanism of acquired resistance, detected in 80% of patienis, is a
secondary mutation in £GFR at position T780 (T790M) (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 TKis gefitinib and erlotinib to bind the EGFR TKI domain {Yun
C. H., etal, Proc. Natl. Acad. Sci. USA 105, 2008, 207C-5).

Covalent EGFR inhibitors have semerged 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 polent inhibitor of both mutant and wild type (WT) EGFR. inhibition of
WT EGFR leads to toxicities, including skin rash and diarrhea, which limiis the ability fo
escalate afstinib doses in patients (o those necessary to inhibit EGFR T700M. hrreversible
pyrimidine EGFR inhibitors including the tool compound WZ4002 and clinical compounds
CO-16888 and AZLDE291, 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, 1048-81). They are not only more potent on EGFR
T790M, but also seiectively inhibit mutant over WT EGFR and hence should lsad {o
increased clinical efficacy and less toxicity compared with afatinib (Zhou, W, ot al;, Waller A
O, etal Cross, DA E | elal).

However, ail current EGFR TKis target the ATP site, and while third generation
irreversible inhibitors can overcome T790M, they are all rendsred impotent by the C7978
mutation, which is already arising in freated patients. Cetuximab, an ant-EGFR antibody 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 fo inhibit EGFR are needed. 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

targseting mutant EGFR.

SUMMARY

In an aspect, provided herein is a compound of Formula |
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Az A W‘X
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R > N 52
R2
{H

or a pharmaceutically acceptable salt thereof,

wherein:

A and A are each, independently, CH, CR®, or N;

W and Z are each, independently, N, CH, C-halo, C-{C+-Cs alkyl), or C-{C+-Cs
atkoxy);

X and Y are each, independently, N, CH, or CR*;

provided that atleast one of W, X, Y, or Zis CH;

R'is selected from the group consisting of 8-10 memberad aryl, 510 membered
heteroaryl, 3-10 membered heterocycloalkyl, and 3-10 membered cycloalloyd, all of which are
opiionaily substituted with ane, two, or three RS,

R? is selected from the group consisting of 8-10 membered aryl, 5-10 membered
hetercaryl, 3-10 membered heterocycloalkyl, and 3-10 membered cycloalkyl, all of which are
optionaily substituted with one, two, or three R,

R® is independently, at each cccurrence, selected from the group consisting of
halogen, OR? NRR?, S0O.RY, SCNHRY, NHSORY, C(OIOR?, CIOINHR?Y, CORY, C+-Cs
alkyl, C-Ce alkenyl, Co-Cs alkynyl, 3-7 membered cycloalkyl, Co-Cr cycloalkenyl, Cs-Crg aryl,
5-6 membered heteroaryl, and 5-7 memberad heterocyciyl, wherein allyl, alkenyl, or alloynyl
are each optionally substituted one, two, or three times with R*, and wherein aryi, heteroaryl,
or heterocyclyl are each optionally substituted one, two, or three times with R

R* is independently, at each occurrence, selected from the group consisting of H,
{CH203~{Ce-Cr cycloaikyl), {CHa)es-(Ce-Cr cycioalkenyl), (CHaos{Ca-Crp aryl), (CHajos-(5-6
memberad heteroaryl}, and (CHa)os-(5-7 membered heterocyclyl), wherein the ary,
heteroaryl, or heterocyclyl are each optionally substituted one, two, or three times with R*;

R® is independently, at each cccurrence, selected from the group consisting of C+-Cs
alkyt, C+-Ce haloalkyl, Ci-Cs alkoxy, C4-Cs haloalkoxy, C.-Cs alkylamine, 3-10 memberad
cycloalkyt, halogen, COOH, C{OYD(C-Cs alkyl), OG{CHL):5-OH, NH,, NH(C4-Cs alkyl), N(Cy-
Cs alkyl)s, OH, CN, (CH2)0.3-{Ce-Crp arvl), {CH2)o.2-{5-8 memberead heteroaryl), and (CHzjos-
{5-7 membered heterocyclyl), wherein the aryl, heteroaryl, or heterocyclyl are each optionally
substituted one, two, or three times with R7;

R® is independently, at each cccurrence, selected from the group consisting of Ci-Cs
atkyl, C4-Ca haloalkyl, C1-Cs alkoxy, C+-Cs haloalkoxy, Ci-Cs alkylaming, halogen, OH, NO,,
NHz, NH{C-Cs alkyt), N{C:-Cs alkyl)z, (CH2)1.40H, S{(C)o2H, S(O)o.2NH2, or ON;
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alternatively, two R®, together with the atoms to which they are attached, can form 5-
16 membered heteroaryl, 8-10 memberad aryl, 3-10 membered heterocycloalkyl, or 3-10
membered cycloalkyl;

R’ is independently, at each occurrence, selected from the group consisting of
substituents independently selected from C1-Ts alkyl, C4-Cs haloalkyl, C-Ce alkoxy, C4-Cs
haloalkoxy, halogen, NHz, NH({C-Cs alkyl), N{C1-Cs alkyl)s, SONH,, SCNH(C-Cs alkyly,
SON(C1-Ce alkylla, (CH2)1.22OH, CIOHCH)1-0OH, CIONC-Cs atkyl), and C{OYWO{C+-Cs
alkyl);

alternatively, two R7, together with the atoms to which they are attached, can form 5-
10 membered heteroaryl, 6-10 membered aryl, 3-10 membered heterccycloalkyl, or 3-10
membered cycloalkyl; and

R? is independently, at each occurrence, selected from the group consisting of C+-Cs
alkyl, C:-Cs haloalkyl, C+-Cs alkoxy, T+-C4 haloalkoxy, C+-Cs alkylamine, 3-8 membered
cycloalkyl, halogen, OH, NO,, NH,, NH{C-Gs aliiyl), N{C1-Cs alkyl)z, (CH2)1.40H, S(QlozH,
S{OYp.2NH2z, or CN.

in another aspect, provided herein is a compound of Formula H:

WaX

Y
R éi\in\ Z

&

{8}

or & pharmaceutically acceptable salt thereof,
wherein

W and Z are each, independently, N, CH, C-halo, C-{C+Cy alkyh), or C-{C+-Cs
alkoxy);

X and Y are each, independently, N, CH, or CR%,

provided that atleast one of W X\ Y, or Zis CH;

R is selected from the group consisting of 8-10 membered aryl, 5-10 membered
heteroaryl, 3-10 membered heterocycloalkyl, and 3-10 memberad cycloalkyl, all of which are
opticnally substituted with one, two, or three R%,

R? is selected from the group consisting of 8-10 membered aryl, 510 membered
heteroaryl, 3-10 membered heterocycloalkyl, and 2-10 membered cycloalloyl, all of which are
optionaily substituted with one, two, or thres RS

R*is independently, at each ocourrence, selected from the group consisting of
halogen, ORY, NRR? SO:R4, SONHRA, NHSO:R?, CIOYOR®, CIOINHR?, CIOIRY, Ci-Ce
atkyl, Co-Ce alkenyl, C2-Ce alkyniyl, 3-7 membered cycloalkyl, Cs-Cr cycloalkenyl, Ce-Cio arvt,
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5-6 membered heteroaryl, and 57 membered heterocyclyl, wherein alkyl, alkenyl, or alkynyl
are each optionally substituted one, two, or three times with R*, and wherein aryi, heteroaryl,
or heterocyclyl are each optionally substituted one, two, or three times with RS,

R* is independently, at each occurrence, selected from the group consisting of H,
{CH2)p.2-{Ca-Tr cycloaikyl}, (CHa)o.s-{Cs-Cr cycloalkenyl), (CHaloa{Ce-Cis aryl), (CH2)0.2-(5-6
membered heteroaryl), and (CHa)os~(5-7 membered heterocyclyl), whersin the any,
heteroaryl, or heterocyclyl are each optionally substituted one, two, or three times with RS,

R® is independsently, at each occurrence, selected from the group consisting of Ci-Cs
atkyl, C4-Cs haloalkyl, C1-Ce alkoxy, Gi-Cs hatoalkoxy, C+Cs alkvlaming, 3-10 memberad
cycloalkyl, halogen, COOH, C{OYW{C1-Cs alkyl), O(CHL).a-OH, NH., NH(C-Cs alkyly, N(Cy-
Cs alleylyz, OH, ON, (CH2)p2-{Ce-Cro aryl), {CHzlo.s-(5-6 membered heteroaryl), and (CHz)oe-
(5-7 membered heierocychyl), wherein the aryl, hetercaryl, or heterocyclyl are each oplionally
substituted one, two, or three fimes with R”;

R% is independently, at each occurrence, selected from the group consisting of C4-Ca
atkyl, C:-Cs haloalkyl, C+-Cs atkoxy, C+-Cs haloalkoxy, C1-Cs alkylamine, halogen, OH, NO;,
MNH2, NH{C-Cs alkyl), N{C:-Cs alkyl)s, (CH2)1.4OH, S(O)H, S{O).2NHa, or CN;

slternatively, two R®, together with the atoms to which they are attached, can form 5-
10 memberead heteroaryl, 8-10 membered aryl, 3-10 membered heterocycloaltkyl, or 3-10
membered cycloalkyl;

R7 is independently, at each occurrence, selected from the group consisting of
substituents indepsndently selected from C1-Cs alkyl, Ci-Cs haloalkyl, C-Ce alkoxy, T4-Cs
halcalkoxy, halogen, N, NH(C-Cs alkyl), N{C1-Cs alkyl)y, SONH,, SCNH(C-Cs alkyly,
SON(C1-Ce alkyl)z, (TH2)1.2-OH, COHCH2)1.2~-OH, C{OYC1~-Ce alkyl), and C{OYO(C+-Cs
alkvh);

alternatively, two R7, together with the atoms to which they are attached, can form 5-
10 membered heteroaryl, 8-10 membered aryl, 3-10 membered heterocycloalkyl, or 3-10
membered cycloatkyl;

R® is independently, at each occurrence, selected from the group consisting of C+-Cs
alkyl, C+-Cs haloalkyl, C1-Ca alkoxy, C4-Cs haloalkoxy, C--Cs alkylamine, 3-8 membered
cycloalkyl, halogen, OH, NO,, NH,, NH{C-Ce alkyl), N{C+-Cs alkyl)z, {(CH2}140OH, S(O)o2H,
S{O)yo2NHz, or CN; and

nistore.

in yet another aspect, provided herein is a compound of Formula Hi



10

18

20

25

30

WO 2021/096948 PCT/US2020/060001

WX
oY
o Lo
R2
(5

or @ pharmacsutically acceptable salt thersof;
wherein

===z |s an optional double bond,

8 and D are each, independently, C or N;

W and £ are each, independently, N, CH, C-halo, C-(C+-Cy alkyl), or CH{C+-Cs
alkoxy);

Xand Y are each, independently, N, CH, or CR?;

provided that atleast one of W, X, Y, or Zis CH;

R is selected from the group consisting of 8-10 membered aryl, 5-10 membered
heteroaryl, 3-10 membered heterocycloalkyl, and 3-10 membered cycloalkyl, all of which are
optionally substituted with one, two, or three R%

R? is selectad from the group consisting of 6-10 membered aryl, 5-10 membered
heteroaryl, 3-10 membered helerocycloalkyl, and 3-10 membered cycloalkyl, all of which are
opticnally substifuted with one, two, or three R®

R’ is independently, at each occurrence, selected from the group consisting of
halogen, OR* NRR?, SC:R*, SONHR* NHSO:R*, CIOIOR*, C{OINHR?, C{OWR*, Ci-Ce
atkyl, C-Ce alkenyl, Cx-Cs alkynyl, 3-7 membered cycloalkyl, Cs-Cr cycloalkenyl, Ce-Cro aryl,
5-8 memberad heteroaryl, and 5-7 membered heterocyclyl, wherein alkyl, alkenyl, or alkynyl
are each optionally substituted one, two, or three times with R*, and wherein aryi, heteroaryl,
or heterocyclyl are each optionally substituted one, two, or thres times with R,

R* is independently, at each cccurrence, selected from the group consisting of H,
{CHz}o.a-{Ca-Cr cycloaikyl), (CH2)o.{Cs-Cr cycloalienyl), (CH2)0.a-{Ca-Cro arvl), (CHa)os-(5-6
membered heteroaryl), and {CHz)es{5-7 membared heterocyciyl), wherain the aryi,
hetercaryl, or heterocyclyl 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
atkyl, C+-Cs haloalkyl, C+-Csalkoxy, Ci-Cs haloalkoxy, C.-Cs alkylarmineg, 3-10 membered
cycloatkyl, halogen, COOH, C{OYO(C-Ce alkyl), G{CH2)1.2-0OH, NHz, NH{C-Cs alkyl), N(Cy-
Cs alkylys, OH, CN, (CH2)o.a-(Ce-Cro aryl), (CHaos-{5-6 membered heteroaryh), and (CH2)os-
(5-7 memberad heterocychyl), wherain the aryl, heleroaryl, or heterocyclyl are each optionally

substituted one, two, or three times with R”
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RS is independently, at each occcurrence, sselectad from the group consisting of Ci-Cs
alkyl, C+-Cs haloalkyl, Ci-Cs alkoxy, C+-Cs haloalkoxy, Ci-Cs alkylamine, halogen, OH, NO;,
NHz, NH{C:-Cs alkyly, N{C:-Cs alicyl)a, (CH2)1.4OH, S(O)o2H, S{O)-2NHz, or CN;

alternatively, two R®, together with the atoms to which they are attached, can form 5-
10 membered hetercaryt, 8-10 memberead aryl, 3-10 membered heterocycloalkyl, or 3-10
memberad cycloatkyl;

R’ is independently, at each ocourrence, selected from the group consisting of
substituents independently selected from Cq-Gs alkyl, Ci-Cs haloalkyl, Ci-Cs alkoxy, C+-Cs
haloatkoxy, halogen, NH», NH{C+Cs alkyl), N(C1-Ce alkyl)e, SCaNH2, SONH{C-Cs alkyly,
SON(C1-Cs alkyl)y, (CHob.2-OH, COH{CH1.-0OH, C{OHT4-Cs alkyl), and C{OY(C1-Ce
alkyl);

alternatively, two R7, together with the atoms to which they are attached, can form 5-
10 membered helercaryl, 8-10 membered aryl, 3-10 membered heterocycloalkyl, or 3-10
membered cycloalkyl; and

R¥ is independently, at each ocourrence, selected from the group consisting of C+-Ca
alkyl, C+-Cs haloalkyl, C+-Cs alkoxy, Ci-Cs haloalkoxy, C--Ca alkylamine, 3-8 membered
cycloalkyt, halogen, OH, NO;, NH,, NH{C+-Cs alkyl), N{C+-Cs alkyl)a, {CH2}1.aOH, S{QleaH,
B{Ohe-2NH2, or CN.

In an aspect, provided herein i5 a meathod of freating cancer or a proliferation
disease, comprising administering to a subject in nesd thereof an effective amount of a
compound of disclosed herein or a pharmacsutical composition comprising a compound
disciosed herein and a pharmaceitically acceptable carrier. in ong embodiment, the cancer
is lung cancer, breast cancer, glioma, squamous cell carcinoma, or prostate cancer. In
another embodiment, the method further comprises administering to the subject a second
active agent, wherein said second active agent prevents EGFR dimer formation. In another
smbodiment, the subject is a human.

The disclosurs also provides a kit comprising a compound capable of inhibiting
EGFR activity selected from a compound of the present disclosure, or a pharmaceutically
acceptable salt thereof, and instructions for use in treating cancer. In one embodiment, the
kit further comprises components for performing a test to 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 preventis

FGFR dimer formation.
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DETAILED DESCRIPTION
Definitions

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

Unless defined otherwise, all technical and scientific terms 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 iaboratory procadures in cell culture,
molecular genetics, organic chemistry, and peptide chemistry are those well-known and
commonly employed in the art.

As used herein, the articles "a" and “an” refer o one orto more than one (i.e., o at
least one) of the grammatical object of the arlicle. By way of exampig, “an element” means
one element or more than one slement. Furthermore, use of the ferm "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 1o some extent on the context in which it is used. As used herein when
referring {o a measurable value such as an amount, a temporal duration, and the like, the
ferm “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 o the providing &
therapeutic agent to a subject. Mulliple technigues of administering a therapeutic agent exist
in the art including, but not iimited to, intravenous, oral, aerosol, parenteral, ophthaimic,
pulmonary, and topical administration.

The term “freat,” "reated,” “reating,” or “treatment” includes the diminishment or
alleviation of at least one symptom associated or caused by the state, disorder or disease
being treated. In certain embodiments, the treatment comprises bringing into contact with
wild-type or mutant EGFR an effective amount of a compound disclosed herein for
conditions related {o 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 besn development of the disorder or disease. Also considered is the abilily of
one o prevent some of all of the symptoms associated with the disorder or disease.

As used herein, the term “patient,” “individual,” or "subject’ refers to ahuman or a

non-human mammal. Non-human mammals include, for example, livestock and pets, such
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as ovine, bovine, porcine, canine, feline and marine mammals. Preferably, the patient,
suibject, or individua! is human.

As used herein, the terms “effective amount,” "pharmaceutically sffective amount,”
and “therapeutically effective amount” refer to a nontoxic but sufficient amount of an agent to
provide the desired biclogical result. That result may be reduction or glleviation of the signs,
symploms, or causes of g disease, or any other desired alleration of a biclogical system. An
appropriate therapeutic amount in any individual case may be determined by one of ordinary
skill in the art using routine experimeantation.

As used herein, the term “pharmacesutically acceptable” refers {0 a maternial, such as
a carrier or diluent, which doss not abrogate the biclogical activity or propertias 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 acceptable salt” refers to derivatives of
the disclosed compounds wherein the parent compound is modified by converting an
existing acid or base maoiety to its salt form. Examples of pharmaceutically acceptable salfs
inciude, but are not iimied to, mineral or organic acid salts of basic residues such as
amines, alkali or organic salts of acidic residuss such as carboxyiic acids; and the like. The
pharmaceutically acceptable salis of the present disclosure include the conventional non-
foxic salts of the parent compound formed, for exampie, from non-toxic inorganic or organic
acids. The pharmacsutically acceptable salis of the present disclosure can be synthesized
from the parent compound which contains a basic or acidic molety by conventional chemical
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 water or in
an organic solvent, or in a mixiure of the twe; generally, non-agueous media like ether, sthyl
gcetate, ethandl, iscpropanct, or aceionitrile are preferred. The phrase “pharmacsutically
acceptable salt” is not limited to a mono, or 1:1, sall. For example, “pharmaceutically
acceptable salt” also includes bis-saits, such as a bis-hydrochloride salt, Lisis of suitable
salts are found in Remington’s Pharmaceutical Sciences, 17th ed., Mack Publishing
Company, Easion, Pa., 1985, p. 1418 and Journal of Pharmaceutical Science, 66, 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 {o produce an active drug. Thus, for example, a prodrug of a
compound provided herein will, when administered o a subject, undergo metabolic
activation to generate the compound.

As used herein, the term “composition” or “pharmaceutical composition” refers to a

mixture of at least one compound useful within the disclosure with a pharmaceutically
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acceptable carrier. The pharmacsutical composition facilitates administration of the
compotind o a patient or subject. Multiple techniques of adminisiering a compound exist in
the art including, but not limited to, intravenous, oral, asrosol, parenteral, ophthalmic,
pulmonary, and fopical administration.

The ferm “pharmaceutical combination” as used herein means a product that results
from the mixing or combining of more than one aclive ingredient and includes both fixed and
non-fixed combinations of the active ingredients. The term “fixed combination” means that
the active ingredients, e.q., a compound of the disclosure and & co- agent, are both
administiered (o a patient simultaneocusly in the form of a single entity or desage. The term
“‘non-fixed combination” means that the active ingredients, e.g. a compound of 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
pharmaceutically acceptable material, composition 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 transporting a compound useful within the
disclosure within or 1o 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, to another
grgan, or portion of the body, Each carrier must be "acceptable” in the sense of being
compatible with the other ingredients of the formuiation, including the compound useful
within the disclosure, and not injurious to the patient. Some examples of materials that may
serve as pharmaceutically acceptable carriers include: sugars, such as lactose, glucose and
sucroge; starches, such as corn starch and potato starch; cellulose, and its derivatives, such
as sodium carboxymethyl cellulese, ethyl celiulose and cellulose acetate; powdersd
tragacanth; malt; gelating tale; excipients, such as cocoa butter and suppository waxes,; oils,
such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive ¢il, com cif and soybeaan
oil, glycols, such as propylene glycol; polyols, such as glycerin, sorbitol, mannitol and
polyethylene glycol; esters, such as ethyl oleate and ethyl laurate; agar, buffering agents,
such as magnesium hydroxide and aluminum hydroxide; surface active agents; alginic acid;
pyrogen-free water; isoionic 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 antifungal agents, and absorption delaying agents, and the like

that are compatible with the activity of the compound useful within the present disclosure,
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and are physiclogically acceptable to the patient. Supplementary active compounds may
giso be incorporated into the compositions. The "pharmaceutically accepiable carrier” may
further include a pharmaceutically acceptable salt of the compound disclosed heresin. Other
additional ingredients that may be included in the phammaceutical compositions are known in
the art and describad, for example, in Remington’s Pharmaceutical Sciences (Genaro, E£d,,
Mack Publishing Co., 1885, Easton, PA}, which is incorporated herein by reference.

As used herein, the term “EGFR” refers {0 epidermal growth factor receptor
{alternately referred 1o as ErbB-1 or HER1) and may refer to the wild-type receptororio a
receptor containing one or more mulations.

As used herein, the term "HER” or Her" refers 1o members of the ErbB receptor
tyrosine kinase family, including EGFR, ERBB2, HERS3, and HER4.

As used herein, the term “allosteric site” refers 1o a site on EGFR other than the ATF
binding site, such as that characterized in a crystal structure of EGFR. An “allosteric site”
can be a site that is close to the ATHF binding site, such as that characterized in a crystal
structure of EGFR. For example, one allosteric site includes one or more of the following
amino acid residuses of epidermal growth factor recepior (EGFR): Lys745, Leu788, Ala743,
Cys755, Leu777, Pheb5b6, Asp855, Met766, lle758, Glu762, and/or Ala763.

As used herein, the term “agent that prevents EGFR dimer formation,” or iterations
thereof, refers to an agent that prevenis dimer formation in which the C-lobe of the
“activator’ subunit impingss on the N-iobe of the “receiver” subunit. Examples of agents that
prevent EGFR dimer formation include, bul are not limiled to, cetindmab, trastuzumab,
panitumumab, and Migs.

As used herein, the term “alkyl,” by itseif or as part of another substituent means,
unless otherwise stated, a siraight or branched chain hydrocarbon having the number of
carbon atoms designated (i.e., C:-Ce alkyl means an alkyi having one to six carbon atoms)
and includes straight and branched chains. Examples include methyl, ethyl, propyl,
iscpropyl, butyl, iscbutyl, tert butyl, pentyl, neopentyl, and hexyl. Other examples of C4-Ce
alkyt include ethyl, methyl, isopropvi, isobutyl, n-pentyl, and n-hexyl

As used herein, the term “halcalkyl” refers to an alkyl group, as defined above,
substituted with one or more halo substituents, whersin alkyl and halo are as defined herein.
Haloalkyl includes, by way of example, chioromethyl, trifluoromethyl, bromoethyl,
chioroflucrosthyl, and the like.

As used herein, the term “alkoxy” refers to the group ~O-alkyl, wherein alioy is as
defined herein. Alkoxy includes, by way of example, methoxy, ethoxy, n-propoxy,

isopropoxy, n-butoxy, sec-butoxy, t-buloxy and the like.
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As used herein, the term “alkylaming” refers 1o the group ~NH-alkyl, whersin alkyl is
as defined herein. Alkylaming includes, by way of example, methylamine, ethylaming,
isopropylamine, n-propylamine, n-butylamine, sec-butvlamine, t-butylamine and the like.

As used herein, the term “haloalkoxy” refers to the group ~O-haloatkyl, whersin
haloalkyl is as defined herein. Haloalkoxy includes, by way of example, chioromethoxy,
triflucromethoxy, bromoesthoxy, chioroflucroethoxy, and the like

As used herein, the term “alkenyl” refers {0 a monovalent group derived from a
hydrocarbon moiety containing, in certain embodiments, from two to six, or two o eight
carbon atoms having at least one carbon-carbon double bond. The alkenyl group may or
may not be the point of attachment {o ancther group. The term “alkenyl” includes, but is not
limited to, ethenyl, 1-propenvl, 1-butenyi, heptenyl, octenyl and the like.

As used herein, the term “alkynyl” refers {0 a monovalent group derived from a
hydrocarbon moiety containing, i cerlain embodiments, from two to six, or two {0 sight
carbon atomns having at least one carbon-carbon triple bond. The alkynyl group may or may
not be the point of attachment to another group. The term "alkynyl” includes, but is not
fimited to, ethynyl, 1-propynyl, 1-butynyl, heptynyl, octynyl and the like.

As used herein, the term “hale” or "halcgen” alone or as part of ancther substituent
means, uniess otherwise stated, a flucring, chiorine, broming, or ivdine atom, preferably,
fluorine, chiorine, or bromine, more preferably, fluorine or chiorine.

Asg used hersin, the term “cycioalloyl” means a non-aromatic carbocyclic system that
is fully saturated having 1, 2 or 3 rings whersin such rings may be fused. The term “fused’
means that a second ring is present (i.e., altached or formed) by having two adjacent atoms
in common (i.e., shared) with the first ring. Cycloalkyl also includes bicyclic structures that
may be bridged or spirocyciic in nature with sach individual ring within the bicycle varying
from 3-8 atoms. The term “cycloalky!l” includes, but is not limited to, cyclopropyl, cyclobutyl,
cyclopentyt, cyclohexyl, bicyclof3.1.0Thexyl, spire[3.3iheptanyt, and bicyciof 1. 1. Hipeniyl.

As used herein, the term “cycloalkenyl” means a non-aromatic carbocyclic system
that is partially saturated having 1, 2 or 3 rings wherein 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 to, cyclopropenyi, cyclobutenyt, cyclopentenyl, cyclohexeny,
bicyclo[3.1.Clhexenyl, spire]3.3theptanenyt, and bicyciof1.1. 1jpentenyl.

As used herein, the term “heterocyclyl” or "heterocycloalkyl” means a non-aromatic
carbocyclic system containing 1, 2, 3 or 4 heleroatoms selected independently from N, O,
and 3 and having 1, 2 or 3 rings wherein such rings may be fused, wherein fused is defined
above. Heterooyolyt also includes bicydlic structures that may be bridged or spirocyclic in
nature with each individual ring within the bicycle varying from 3-8 atoms, and containing ©,

1, or 2 N, O, or 3 atoms. The term “heterocyclyl” includes cyclic esters (i.e., lactones) and
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cyclic amides (i.e., lactams) and also specifically includes, but is not limited to, epoxidy|,
oxetanyl, tetrahydrofuranyl, tetrahydropyranyl (Le., oxanyl), pyranyl, dioxamy, aziridinyg,
azetidinyl, pyrrolidinyl, 2,5-dihydro-1H-pyrrolyl, oxazolidiny, thiazolidinyt, piperidiny,
maorpholing, piperazinyl, thiomorpholing, 1, 3-ox@zinanyd, 1,3-thiazinanyl, 2-azabicyclo-

[2 1 1lhexanyl, 5-azabicyclof2 1. 1lhexanyt, S-azabicycio{3.1.1] heplanyl, Z-azabicyclof2. 2. 13
heptanyl, 3-azabicyciof3.1. tTheptanyl, 2-azabicyde3. 1. 1lheptanyl, 3-azabicycio[3.1.0)-
hexanyl, 2-azabicyclo[3. 1.0lhexanyl, 3-azabicycln]3.2.1Joctanyl, 8-azabicyclo[3.2. 1Joctanyl,
3-oxa-7~azabicyclo[3.3. 1nonamyl, 2-oxa-8-azabicycio[3.3. 1nonanyl, 2-oxa-5-azabicyclo-
{2.2. 1]heptanyl, 6-oxa-3-azabicyclof3. 1. 1}heptanyl, 2-azaspire[3.3heptany, 2-oxa-6-
azaspire[3.3theptanyl, 2-oxaspire[3.3lheptanyl, 2-oxaspire[3.5lnonanyt, 3-
oxaspiro[5.3nonanyl, and 8-oxabicyclo[3.2.1]Joctanyl.

As used herein, the term “aromatic” refers to a carbocycle or heterocycle with one or
more polyunsaturated rings and having aromatic character, 1.e., having (4dn + 2) delocalized
T {ph) slectrons, where nis an integer.

As used herein, the term “aryl” means an aromatic carbocyclic system confaining 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 “ary!l” includes, but is not
limited to, phenyl, naphthyl, indanyl, and 1,23 4-tetrahydronaphthalenvl. In some
smbaodiments, arvl groups have S carbon atoms. In some embodiments, aryl groups have
from six {0 ten carbon atoms. In some embodiments, arvl groups have from six to sixtsen
carbon atoms.

As used hersin, the term “heteroary?” means an aromatic carboceyclic sysiem
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, thiazoly!, imidazolyl,
pyrazobyl, triazolyl, tetrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, thiadiazohyl, pyridinyl,
pyridazinyt, pyrimidinyl, pyrazinyl, imidazo[1,2-alpyridinyl, pyrazolo[1,5-alpyridinyi, 5,6,7 8-
tetrahydroisoquinolinyl, 58,7, 8-tetrahydroquinoling, 8,7-dihydro-SH-cyclopentabipyridinyi,
&, 7-dihydro-8H-cyclopentalclpyridinyl, 1,4,5,6-telrahydrocyclopentafcipyrazolyl, 2,4,5 6-
tetrahydrocyclopentafclpyrazolyl, 5,6-dihydro-dH-pyrrolol1,2-blpyrazoil, 8,7-dihydro-5H-
pyrrolo[1,2-b}[1,2 4liriazolyi, 5,8,7 8-tetrahydro-[1,2 4}triazolo{1,5-ajpyridiny, 4,5,8,7-
tefrahydropyrazolo[1,5-alpyridinyt, 4,5,6,7-tetrahydro-1H-indazolyl and 4,56, 7-tetrahydro-
2H-indazobhyl.

itis to be undersiood that if an aryl, heteroaryl, cycloalkyl, or heterocychyl moiety may
be bonded or otherwise attached o a designated moietly through differing ring atoms (i.e.,

shown or described without denotation of a specific point of atlachment), then all possible
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points are intended, whether through a carbon atom or, for example, a trivalent nitrogen
gtom. For example, the term “pyridinyl” means 2-, 3- or 4-pyridinyl, the term “thieny!l” means
2~ or 3-thienyl, and so forth.

As used herein, the term “substituted” means that an atom or group of atoms has
repiaced hydrogen as the substituent attached to ancther group.

As used hersin, the term “optionally substiiuted” means that the referenced group
may be substituted or unsubstituted. In one embodiment, the referenced group is optionally
substituled with zero substituents, i.e., the referenced group is unsubstituted. in another
embodiment, the referenced group is optionally substituled with one or more additional

group{s) individually and independently selected from groups described herein.

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

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

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

POANUPLANY:
RUf Y
Z.o"'
e
{H

or a pharmaceutically acceptable salt thereof,

whaerein:

A and A are each, independently, CH, CRE, or N;

W and Z are each, independently, N, CH, C-halo, C-(C+-C; alkyl), or C-{C4+-C;
alkoxy);

X and Y are each, independently, N, CH, or CR?;

provided that at least one of W, X, ¥, or Z is CH;

R' is selected from the group consisting of 6-10 membered aryl, 5-10 memberad
heteroaryl, 3-10 membered heterocycloalkyl, and 3-10 membered cycloalkyl, all of which are
optionally substituted with one, two, or three R®;

R? is selected from the group consisting of 8-10 membered aryl, 5-10 membered
heteroaryl, 3-10 membered heterocycloalkyl, and 3-10 membered cycloalkyl, all of which are
optionally substituted with one, two, or three R%

R® is independently, at each cccurrence, selected from the group consisting of
halogen, OR*, NRR*, SOzR*, SONHRY, NHBO.RY, C(OIOR?, CIOINHRY, CIOIR?, Cr-Ca
atkyl, Ca-Cr alkenyt, Co-Cs alkynyl, 3-7 membered cycloalkyl, C4-Cr cycloalkenyl, Cs-Cio anyt,
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5-6 membered heteroaryl, and 57 membered heterocyclyl, wherein alkyl, alkenyl, or alkynyl
are each optionally substituted one, two, or three times with R*, and wherein aryi, heteroaryl,
or heterocyclyl are each optionally substituted one, two, or three times with RS,

R* is independently, at each occurrence, selected from the group consisting of H,
{CH2)p.2-{Ca-Tr cycloaikyl}, (CHa)o.s-{Cs-Cr cycloalkenyl), (CHaloa{Ce-Cis aryl), (CH2)0.2-(5-6
membered heteroaryl), and (CHa)os~(5-7 membered heterocyclyl), whersin the any,
heteroaryl, or heterocyclyl are each optionally substituted one, two, or three times with RS,

R® is independsently, at each occurrence, selected from the group consisting of Ci-Cs
atkyl, C4-Cs haloalkyl, C1-Ce alkoxy, Gi-Cs hatoalkoxy, C+Cs alkvlaming, 3-10 memberad
cycloalkyl, halogen, COOH, C{OYW{C1-Cs alkyl), O(CHL).a-OH, NH., NH(C-Cs alkyly, N(Cy-
Cs alleylyz, OH, ON, (CH2)p2-{Ce-Cro aryl), {CHzlo.s-(5-6 membered heteroaryl), and (CHz)oe-
(5-7 membered heierocychyl), wherein the aryl, hetercaryl, or heterocyclyl are each optionally
substituted one, two, or three fimes with R7;

R% is independently, at each occurrence, selected from the group consisting of C4-Ca
atkyl, C:-Cs haloalkyl, C+-Cs atkoxy, C+-Cs haloalkoxy, C1-Cs alkylamine, halogen, OH, NO;,
MNH2, NH{C-Cs alkyl), N{C:-Cs alkyl)s, (CH2)1.4OH, S(O)H, S{O).2NHa, or CN;

slternatively, two R®, together with the atoms to which they are attached, can form 5-
10 memberead heteroaryl, 8-10 membered aryl, 3-10 membered heterocycloaltkyl, or 3-10
membered cycloalkyl;

R7 is independently, at each occurrence, selected from the group consisting of
substituents indepsndently selected from C1-Cs alkyl, Ci-Cs haloalkyl, C-Ce alkoxy, T4-Cs
halcalkoxy, halogen, N, NH(C-Cs alkyl), N{C1-Cs alkyl)y, SONH,, SCNH(C-Cs alkyly,
SON(C1-Ce alkyl)z, (TH2)1.2-OH, COHCH2)1.2~-OH, C{OYC1~-Ce alkyl), and C{OYO(C+-Cs
alkvh);

alternatively, two R7, together with the atoms to which they are attached, can form 5-
10 membered heteroaryl, 8-10 membered aryl, 3-10 membered heterocycloalkyl, or 3-10
membered cycloalkyl; and

R® is independently, at each occurrence, selected from the group consisting of C+-Cs
alkyl, C+-Cs haloalkyl, C1-Ca alkoxy, C4-Cs haloalkoxy, C--Cs alkylamine, 3-8 membered
cycloalkyl, halogen, OH, NO,, NH,, NH{C-Ce alkyl), N{C+-Cs alkyl)z, {(CH2}140OH, S(O)o2H,
S{O)o2NHz, or CN.

In another aspect, provided herein is a compound of Formula |, or a pharmaceutically
acceptable salt thereof, wherein

W and Z are sach, independently, N, CH, C-halo, C-(C.-Cs haloalkyl), C-{C+-Cs
atkyl), or C-{C-Cs atkoxyy;
wherein all other variables are defined above.

in an embodiment, the compound of Formula | is a compound of Formula la:
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{fa)

or a pharmacsutically acceptable salt thereof.

in an embodiment of Formula la, R® is Ce-Cqo aryl or 5-8 membered heteroaryl, both
of which are optionally substituted one time with R®. In another embodiment of Formula la,
R?is Ce-Crp aryl optionally substituted one time with R®, wherein R® is 5-7 membered
hetercoyalyl, Ce-Cro aryl, 3-10 membered cycloaliyl, or 5-6 membered heteroaryl, all of
which are optionally substituted one time with R7. In yet another embodiment of Formula la,
R* is phenyl optionally substituted one time with RS, wherein R® is 5-7 membered
heterocycivl, Ce-Cre aryl, 3-10 membered cycloalkyl, or 5-8 memberad hetercaryl, all of
which are optionally substituted one time with R7. In still another embodiment of Formula la,
R*is Ce-Cro aryl optionally substituted one time with R°, wherein R® is 5 membered
heterocyclyl optionally substituted one time with R’ in an embodiment of Formula la, R® is
phenyl optionally substituied one time with piperidine, wherein piperiding is substituted one
time with R’

in another embodiment, the compound of Formula b is a compound of Formula ib:

(i)

or a pharmaceutically acceptable salt thereof.

In vet ancther embodiment, Z is CH. In still another embodiment, Zis N. In an
embodiment, Z is CF. In another embodiment, R is independently, at each occurrence,
hydroxy or halo.

in yet another embodiment, R' is selected from the group consisting of
benzimidazole, imidazopyrazine, puring, imidazole, pyrazole, riazole, and imidazopyridine.

in still another embodiment, RY is selected from the group consisting of;
- QI T
SNy N N N | 4
H N H H L*E\i}m%
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ali of which are optionaily substituted with one, two, or three R®,

[

3

and

In another embodiment, R® is hydroxy, halo, or two R, together with the atoms to
which they are attached, form 5-10 mambered heteroaryl, 8-10 membered any, 3-10
membered heterocycicalkyl, or 3-10 membered cycloatkyl. In an embodiment, R is hydroxy,
fluoro, or two RY, together with the atoms to which they are attached, form 5-10 membered
heteroaryl, 8-10 membered aryl, 3-10 membered heterocycioalkyl, or 3-10 membered
cycloatkyl in yet another embodiment, R® is hydroxy. In still another embodiment, R% is
fluore. In another emboediment, R is chiore. In an embodiment, there are two RS that are
hydroxy and fluoro. In ancther embodiment, there are two RY that are hydroxy and chioro. In
still another embodiment, two R®, together with the atoms to which they are attached, form 5-
16 membered hetercaryl, 8-10 membered aryl, 3-10 membered heterccycloalkyl, or 3-10
memberad cycloatkyl.

In an embodiment, the compound of Formula | is selected from the group consisting
of a compound in Table 1.
Table 1.

Compound No. Structure

001

002
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003

004

005

{06

007
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008

Q09

064

055

or a pharmaceutically acceptable sali thereof.
In another embodiment, the compound of Formula | is selected from the group

consisting of a compound in Table 2.
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Compound No.

Structure

063
084
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066 N
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069
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071
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074
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7~
116 N
N/
HO
F
S
- 9l
MNH = NS -
17 Q_\ D {%I(
NE~ o
A S

HO

oz

F

or & pharmaceutically acceptable sall thereof.

In embodiments, the compounds 112-117 provided herein have an isotopic

enrichment factor for each designated deuterium atom of at least 3500 (52.5% deuterium

incorporation at each designated deuterium atom), at least 4000 (80% deuterium

S  incorporation), at least 4500 (67.5% deuterium incorporation), atl least 5000 (V5%

deuterium), at least 5500 (B2.5% deuterium incorporation), at least 8000 (80% deuterium

incorporation), at least 8333.3 {(95% deuterium incorporation), at least 8468.7 (97%

deuterium incorporation), at least 8600 (8% deuterium incorporation), or at least 6633.3

{89.5% deuterium incorporation;.

10 In an embodiment of compounds 112-117, each position designated specifically as

deuterium has at least 95% incorporation of deuterium.

in ancther aspect, provided herein is a compound of Formula H:
WX

4

16 or & pharmaceutically acceptable salt thereof,

whearein

(rm N

(#)

W and Z are each, indepandently, N, CH, C-halo, C-{C+-Ca alkyl), or C-{C+-Ca

alkoxy);

X and Y are each, independently, N, CH, or CR?;
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provided that at least ons of W, X, Y, or Z is CH;

R' is selected from the group consisting of 6-10 membered aryl, 5-10 membered
heteroaryl, 3-10 membered heterocycloalkyl, and 3-10 membered cycloalkyl, all of which are
optionally substituted with one, two, or three R

R? is selected from the group consisting of 8-10 membered aryl, 5-10 membered
heteroaryl, 3-10 membered heterccycloalkyl, and 3-10 membered cycloalkyl, all of which are
optionally substituted with one, two, or three R,

R* is independently, at each occurrence, selected from the group consisting of
halogen, OR* NRR* S0OR4, SONHRY, NHEBORY, CIOIOR?, CIOINHR?, COIRY, Ci-Cs
atkyl, Ca-Cr alkenyt, Co-Cs alkynyl, 3-7 membered cycloalkyl, C4-Cr cycloalkenyl, Cs-Cio anyt,
5-6 membered heteroaryl, and 57 membered heterocycliyl, wherein alkyl, alkenyl, or alkynyl
are each optionally substituted one, two, or three times with R* and wherein aryi, heteroaryl,
or heterocyclyl are each optionally substituted one, two, or three times with R

R is independently, at each occurrence, selected from the group consisting of H,
{CH2)0.3-{Ca-Cr cycloaikyl), (CHuJes-(Ca-Cr cycloalkenyl), (CH2los{Co-Cro aryl), (CH2)p.a-(5-8
memberad heteroaryl), and (CHa)os(5-7 membered heterocyclyl), wherein the aryl,
heteroaryl, or heteracyclyl are sach optionally substituted one, two, or three times with R;

R® is independently, at each cccurrence, sslected from the group consisting of C:-Cs
alkyl, C.-Ce haloalkyl, C1-Ce alkoxy, C1-Cs haloalkoxy, C:-Cs alkylamine, 3-10 membered
cycloatkyl, halogen, COOH, C{OYO{C1-Cs alkyl), O{CHL)15-OH, NH,, NH(C1-Ce alleyl}, N(Cy-
Cs alkyl)s, OH, CN, (CH2)0.5{Cs-Crp arvl), {CH2)o.2-{5-8 memberad hetercaryl), and (CHzjos-
{&6-7 membered heterocychyl), whersin the aryl, hetercaryl, or heterocyciyl are each optionally
substituted one, two, or three fimes with BT

R is independently, at each occurrence, selected from the group consisting of C+-Cs
atkyt, C+-Cs haloalkyl, C4-Cs alkoxy, C4-Cs haloalkoxy, C4-Cs alkylamine, halogen, OH, NO;,
NHz, NF{C-Cs alkyl), N{Ci-Cs alkyl)z, (CH2)4OH, S(O)o2H, S{Olo.aNHa, or TN

alternatively, two RP, together with the atoms to which they are attached, can form 5-
10 membered heteroaryl, 8-10 membered aryl, 3-10 membered heterocycloalkyl, or 3-10
membered cycloalkyl;

R’ is independently, at each occurrence, selected from the group consisting of
substituents independently selected from C-Ce alkyl, Ci-Cs haloalkyl, Ci-Ce alkoxy, C4-Ce
haloalkoxy, halogen, NH», NH(C+-Cs alkyl), N{C1-Cs alkyl)z, SONH2, SONH{C:-Cs alkyly,
BO:N(C1-Cs alleyl)a, (CHa2-OH, COHCHz)12-OH, C{ONC4~Ce atkyl), and C{OYO(C4-Cs
alkyl);

alternatively, two R’ together with the atoms to which they are attached, can form 5-
10 membered hetercaryl, 8-10 membered aryl, 3-10 membered heterocycloalkyl, or 3-10

membered cycloalkyl;
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R® is independently, at each occcurrence, selectad from the group consisting of Ci-Cs
alkyt, C4-Cs haloalkyl, C.-Cs alkoxy, C.-Cs haloalkoxy, C+-Cs alkylamineg, 3-6 membered
cycloalkyl, halogen, OH, NO,, NH., NH{C-Cs alkyl), N(C+-Cs alicyl)z, (CHa)140OH, S(0OhozH,
S{Oo.aMHa, or CN; and

nistor?

In an aspsct of Formula i,

R*® is independently, at each occurrence, selected from the group consisting of C+-Cs
alkyl, C+-Ce haloalkyl, Ci-Csalkoxy, C4-Cs halvalkoxy, C+Cs alkylamine, 3-10 memberad
cycloatkyt, halogen, COOH, CLOMC-Cs alkyl), O{CHR a-0OH, NH2, NH(C-Ce alkyly, N{Cy-
Cs alkyliz, OH, CN, {CH2)pa-{Ca-Cro aryl), {CHzo.s-(5-6 membered heteroaryl), O(CHu)e.s-{4-7
membered heterocycivl), and (CHaoa-(4-7 membered heferocyclyl), wherein the alkyl,
alkoxy, aryl, heteroaryl, or heterocyclyl are each optionally substituted one, two, or three
times with R7;

wherein all other variables are defined above.

In an embodiment, the compound of Formuda il is a compound of Formula Ha:

(i1a)

or a pharmaceutically acceptable sali thereof.

In vet ancther aspect, provided herein is a compound of Formula X

WoX
A

.
R’ (E\i ) z
R2
(X)

or a pharmacsutically acceptable salt thereof,
wherein

AisQorg;

Wand £ are each, independently, N, CH, C-halo, C-(C+-Cs atkyl), or C-{Cs+-Cs
alkoxy);

X and Y are each, independently, N, CH, or CR¥,

provided that atleastone of W X Y, or Zis CH;
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R' is selected from the group consisting of 6-10 membered aryl, 5-10 membered
heteroaryl, 3-10 membered heterocycloalkyl, and 3-10 memberad cydioalkyl, all of which are
opticnally substituted with one, two, or three R%,;

R? is selected from the group consisting of 8-10 membered aryl, 5-10 membered
heteroaryl, 3-10 membered heterccycloalkyl, and 3-10 membered cycloalkyl, all of which are
optionaily substituted with one, two, or thres RS

R*is independently, at each ocourrence, selected from the group consisting of
halogen, OR* NRR*, SO.R4, SONHRA, NHBO:R, C(OWOR®, CIOINHR4, CIOIR4, Ci-Ce
atkyl, Ca-Cs alkenyl, Ca-Cs alkynyl, 3-7 membered cycloalkyl, Ci-Cr cycloalkenyl, Cs-Cis arvl,
5-8 membered heteroaryl, and 57 membered heterocyclyl, wherein alkyl, alkenyl, or alkynyl
are each optionally substituted one, two, or three times with R*, and wherein aryi, heteroaryl,
or heterocyclyl are each optionally substituted one, two, or three times with R

R* is independently, at each occurrence, selected from the group consisting of H,
{CH2)0.3-{Ca-Cr cycloaikyl), (CHJes-(Ca-Cr cycloalkenyl), (CHlos{Co-Cry aryl), (CH2)p-(5-8
membered heteroaryh), and (CHu)es(5-7 membered heterocyclyly, wherein the aryl,
heteroaryl, or heterocyclyl are each optionally substituted ong, two, or three times with R%;

R is independently, at each cccurrence, selectad from the group consisting of C+-Cs
aikyl, C+-Ce haloalkyl, C.-Ce alkoxy, Ci-Ce haloalkoxy, C.-Cs alkvlamine, 3-10 membered
cycloatkyl, halogen, COOH, C{OYO(C1-Cs alkyl), O{CH}15-OH, NH,, NH(G1-Ce alkyl}, N{Cy-
Ce alkyl)z, OH, CN, ({CH2)o-2~{Ce-Cro arvh), {CHzloo-(5-6 membered hateroaryl), O{CHzjes-(4-7
membered heterocycivl), and (CHa)os-(4-7 membered heterocyclyl), whersin the alkyl,
alkoxy, aryl, hetercaryl, or heterocyciyl 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
atkyt, C+-Cs haloalkyl, C4-Cs alkoxy, C4-Cs haloalkoxy, C4-Cs alkylamine, halogen, OH, NO;,
NHz, NF{C-Cs alkyl), N{Ci-Cs alkyl)z, (CH2)4OH, S(O)o2H, S{Olo.aNHa, or TN

alternatively, two RP, together with the atoms to which they are attached, can form 5-
10 membered heteroaryl, 8-10 membered aryl, 3-10 membered heterocycloalkyl, or 3-10
membered cycloalkyl;

R’ is independently, at each occurrence, selected from the group consisting of
substituents independently selected from C-Ce alkyl, Ci-Cs haloalkyl, Ci-Ce alkoxy, C4-Ce
haloalkoxy, halogen, NH», NH(C+-Cs alkyl), N{C1-Cs alkyl)z, SONH2, SONH{C:-Cs alkyly,
BO:N(C1-Cs alleyl)a, (CHa2-OH, COHCHz)12-OH, C{ONC4~Ce atkyl), and C{OYO(C4-Cs
alkyl);

alternatively, two R’ together with the atoms to which they are attached, can form 5-
10 membered hetercaryl, 8-10 membered aryl, 3-10 membered heterocycloalkyl, or 3-10

membered cycloalkyl;
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R® is independently, at each occcurrence, selectad from the group consisting of Ci-Cs
alkyt, C4-Cs haloalkyl, C.-Cs alkoxy, C.-Cs haloalkoxy, C+-Cs alkylamineg, 3-6 membered
cycloalkyl, halogen, OH, NO,, NH., NH{C-Cs alkyl), N(C+-Cs alicyl)a, (CH2)140OH, S(0jo2H,
S{Oo.aMHa, or CN; and

nis tor?

In an embodiment of Formula Ha, R is Ce-Cho aryl or 5-8 membered heteroaryl, both
of which are optionally substituted one time with RY. In another embodiment of Formula la,
R*is Ce-C1o aryl optionally substituted one time with R®, wherein R® is 5-7 memberad
heterocyelyl, Cs-Crp aryl, 3-10 membered cycloalkyl, or 5-6 memberad heteroaryl, all of
which are optionally substituted one time with R7. In yet another embodiment of Formula tia,
R? is phenyl optionally substituted one time with R®, whersin R is 5-7 membered
heterccycivl, Ca-Cro aryl, 3-10 membered cycloalkyl, or 5-6 membered heteroaryl, all of
which are optionally substituted one time with R7. In still another embodiment of Formula ila,
R® is Ge-Cao aryl optionally substituted one fime with R%, wherein R® is 5 membered
heterocyclyl optionally substituted one time with R7. in an embodiment of Formula lia, R® is
phenyl optionally substituted one time with piperidineg, wherein piperidine is substituied one
time with R”.

in ancther embodiment, the compound of Formula il is a compound of Formula Hb:

R1

L5

(%02

(it
or a pharmaceutically accepiable salt thereof,

in another embodiment, the compound of Formula il is a compound of Formula ile:

@

(RVors

{tic)
or & pharmaceutically acceptable sait thereof
In yet another embodiment, wherein R® is independently, at each occurrence,

hydroxy, halo, or two R®, together with the atoms to which they are attached, form 5-10
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memberad heteroaryl, 610 memberad and, 3-10 membered heterocycioalkyl, or 3-10
membered cycloalkyl. In another embodiment, R® is hydroxy, fluoro, or two R®, together with
the atoms to which they are attached, form 5-10 membered heteroaryl, 6-10 membered aryl,
3-10 membered heterocycloalkyl, or 3-10 membered cycloalkyl. In yet another embodiment,
R® is hydroxy. In still another embodiment, R% is fluoro. in another embodiment, R® is chioro.
in an embodiment, there are two R that are hydroxy and fluore. In another embodiment,
there are two R® that are hydroxy and chioro. In still another embodiment, two R, together
with the atoms to which they are aftached, form 510 membered heteroaryl, 6-10 membered
aryl, 3-10 membered helerccycioalkyl, or 3-10 membered cycloalkyl.

in an embodiment of Formulae i, fla, and lib, R' is selected from the group
consisting of benzimidazole, imidazopyrazine, purine, imidazole, pyrazole, triazole, and
imidazopyridine. In an embodiment, R is selected from the group consisting of:

QL QL T vy
N NE~N N _N
oy G W G

all of which are optionally substituted with one, two, or three R®

and

in another embodiment, RS is phenyl or C>-Ca alkynyl, wherein phenyl is optionally
substituted one or two times with R®, and alkynyl is optionally substituted one or two times
with R4, in vet another embodiment, R® is phenyl optionally substituted one or two times with
R®. In stili ancther embodiment, R is C,-Cq alkyny! optionally substituted one or two fimes
with R?. in an embodiment, R® is phenyl substituted with one or two R®, and R® is selected
from the group consisting of piperidine, pyriding, and thiecmorpholine dioxide, all of which are
optionaily substituted with one or two R,

in ancther embodiment, the compound of Formula il is selected from the group
consisting of a compound in Table 3.
Tabie 3.

Compound No. Structure

010
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011

012

013

014

015
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018

018

018

020
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021

022

23

024

025

026

33



WO 2021/096948

PCT/US2020/060001

D28

029

Q30

031

032
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as3

040

041

042

043
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N\ / AR -
D44 ﬁ
HO 2P
S
045
046
047
048
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049

050

054

052

0586
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057

059

60

061

or a pharmaceutically acceptable sall thersof.
in yet ancther embodiment, the compound of Formula i is selected from the group

consisting of a compound in Table 4,
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Compound No.

Structure

Q38

37 and 038

gz

or a pharmaceutically acceptable salt thereof.

In embodiments, the compounds 036-039 provided herein have an isotopic

enrichment factor for each designated deuterium atom of at least 3500 (52.5% deuterium

incorporation at each designated deuterium atom), at least 4000 (80% deuterium

incorporation), at least 4500 (67 .5% deuterium incorporation), at least 5000 (V5%

deuterium), at least 5500 (82.5% deuterium incorporation), at least 6000 (80% deuterium

incorporation), at least 6333.3 (895% deuterium incorporation), at least 6466.7 (97%

deuterium incorporation), at least 8800 {(58% deuterium incorporation), or at lsast 8633.3

{8%.5% deuterium incorporation;.
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inn an embodiment of compounds 036-039, each position designatad specifically as

deuterium has at least 85% incorporation of deuterium.

In another embodiment, the compound of Formula X is selected from the group

consisting of a compound in Table 5.

Table 8.

Compound No.

Structure

078

079

080

a81

Qg2
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083

084

08e

087

Os8
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088

859

0g1

083

0e4

085

42



WO 2021/096948 PCT/US2020/060001

103
104
105
N/ ?fH NV o
N’;"\YfN
HO%
108 ~F
107 = = B

or a pharmaceutically acceptable salt thereof.
in yet another aspect, provided herein is a compound of Formula H:
W-X
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a1

or a pharmaceutically accepiable salt thereof,
wherein

=== is an optional double bond;

B and D are each, independently, C or N;

W and Z are each, independently, N, CH, C-halo, C-{C+Ca altkyh), or C-{C+-Ca
alkoxy);

X and Y are sach, independently, N, CH, or CR*;

provided that atleast one of W, X, Y, or Zis CH;

R is selected from the group consisting of 6-10 membered aryl, 510 membered
heteroaryl, 3-10 membered heterocycloalkyl, and 3-10 membered cycloalloyd, all of which are
optionally substituted with one, two, or three R%

R? is seiected from the group consisting of 8-10 membered aryl, 5-10 membered
heteroaryl, 3-10 membered heterocycloalkyl, and 3-10 membered cycloalkyl, all of which are
optionally substituted with one, two, or three R

R* is independently, at each occurrence, selected from the group consisting of
halogen, OR* NRR* S0O.R*, SONHRY, NHEORY, CIOYOR?, CIOINHR?, COWRY, Ci-Ce
atkyl, C2-Ce alkenyl, Co-Gs alkynyl, 3-¥ memberad cycloalkyl, Cs-Cr cycloalkenyl, Cs-Cio aryl,
5-8 membered heteroaryl, and 5-7 membered heterocyelyl, wherein alkyl, alkenyl, or alkynyl
are each optionally substituted one, two, or three times with R* and wherein aryl, heteroaryl,
or heterocyclyl are sach optionally substituted one, two, or three times with R

R* is independently, at each occurrence, selected from the group consisting of H,
{CH2)0a-{Ca-Cr cycloalkyl), (CH2)ea(Ca-Cr cycloalkenyl), (CH)os{Co-Tro aryl), (CH2)pa-(5-8
membered heteroaryl), and (CHa)os-(5-7 membsred heterocyciyl), whersin the aryi,
heteroaryl, or heterocyclyl are each optionaily substituted one, two, or three times with R®;

R® is independently, at each occurrence, selected from the group consisting of C+-Cs
atkyt, C4-Ce haloalkyl, Ci-Ce alkoxy, C4-Cs haloalkoxy, C+Cs alkylaming, 3-10 membered
cycloatkyt, halogen, COOH, C{OYO{C1-Cs alkyl), O(CHL)5-OH, NH,, NH(C1-Ce allkyl), N(Cy-
Ca alkyl)z, OH, CN, ({CH2)0.5-(Ce-Cro aryh), {CHajoa-{5-6 membered heteroaryl), and (CHz)o.e-
(&-7 membered heterocyclyl), wherain the aryl, hetercaryl, or heterocyclyl 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, C4-Cs alkoxy, C+-Cs haloalkoxy, C4-C; alkylamine, halogen, OH, NO;,
NHz, NF{C-Cs alkyl), N{C:-Ce alkyl)z, (CH2)1.4OH, S(O)o.2H, S{(O).2NH-, or ON;

alternatively, two R®, together with the atoms to which they are attached, can form 5-
10 membered hetercaryl, 8-10 membered aryl, 3-10 membered heterocycloalkyl, or 3-10

membered cycloalkyl;
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R7 is independently, at each occcurrence, selected from the group consisting of
substituents independently selected from C1-Cs alkyl, C1-Cs haloalkyl, C-Ce alkoxy, Ci-Cse
haloalkoxy, halogen, NHz, NMH{C-Cs alkyl), N(C1-Ce alltyl)e, SCoNHz, SONH(C--Cs alkyly,
SQN(C1-Cs alkyl)a, (CHa}12rOH, COYWTHRY12-OH, COYHCH-Cs alkyl), and C{O0(C+-Cs
alkyh);

alternatively, two R, together with the atoms fo which they are attached, can form 5-
10 membered hetercaryl, 6-10 membered aryl, 3-10 membered heterocycloalkyl, or 3-10
membered cycloalkyl; and

R® is independently, at each cccurrence, selected from the group consisting of Ci-Cs
alkyl, C+-Cs haloalkyl, C1-Cs alkoxy, C+-Cs haloalkoxy, C+-Cs alkylamine, 3-6 membered
cycloatkyl, halogen, OH, NO», NHz, NH{C+-Cs alkyl), N{C+-Cs alkyl)z, (CH2}14OH, S{O)2H,
S{O.aNHa, or CN.

in another aspect, provided herein is a compound of Fermula i, ora
pharmaceutically acceptable salt thereof, wherein

R* is independently, at each occurrence, selected from the group consisting of H, Ci-
Cs alkyl, (CH2)e-a-{Co-Cr oycloalkyl), (CH)oa-(Ca-Cr cycloalkenyl), (CH2)os~{Ce-Cao arvl),
{CHado.s-(5-6 membered heteroaryl), and (CH)os-(5-7 membered heterocyehyl), wherein the
aryl, hetercaryl, or heterocyclyl are each oplionally substituied one, two, or thres times with
R,

wherein all other variables are defined above.

in an embodiment, the compound of Formula Il is 2 compound of Formula illa

(iHa)
or a pharmacsutically acceptable salt thereof

irn an embodiment of Formula illa, R® is Ce-Cip aryl or 5-6 membered heteroaryl, both
of which are optionally substitited one time with R®. In another embodiment of Formula lilg,
R* is Cs-Cqpo aryl optionally substituted one time with R®, wherein R® is 5-7 membered
hetercoyelyl, Ce-Cro aryl, 3-10 membered cycloalkyl, or 5-6 membered hsteroaryl, all of
which are optionally substituted one time with R7. In yet another embodiment of Formula g,
R® is phenyl optionally substituted one time with R®, wherein R® is 5-7 membered
heterocycivl, Ce-Cre aryl, 3-10 membered cycloalkyl, or 5-8 memberad hetercaryl, all of

which are optionally substituted one time with R7. In still ancther embodiment of Formula lila,
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R*is Cs-Cio aryl optionally substituted one time with R®, wherein R® is 5 membersd

heterocycly! optionally substituted one time with R7. In an embodiment of Formula llia, R¥is

phenyl optionally substituted one time with piperidine, wherein piperidine is substituted one

time with R”.
5 in another embodiment, the compound of Formiula H is a compound of Formula liib:
WX
4,
>~z
M
(it}
or a pharmaceutically acceptable salt thereof.
in yet another embodiment, the compound of Formuia l is a compound of Formula
10 lie:

(Rg}o-s

(Hilc)

or a pharmaceutically acceptable salt thereof.
in still another embodiment, R' is selected from the group consisting of

15 benzimidazole, imidazopyrazine, purine, imidazole, pyrazole, triazole, and imidazopyridine.

i an embodiment, R’ is selected from the group consisting of;
- Q- T
L ~ S
! - 7 o
/N; N}_m NZ g N>“~ F N>__‘
o T I »
L= N % S |

and :

all of which are optionaily substituted with one, two, or three R8.
In another embodiment, Y is CR®, and R® is 6-10 membered aryl substituted with one

20
or two R°. In yet another embodiment, Z is CF. In still another embodiment, Z is CH. In an

embodiment, Z is N.
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in ancther embodiment, R® is hydroxy, halo, or two RS, together with the atoms to
which they are attached, form 5-10 membered hetercaryl, 6-10 membered and, 3-10
membered heterocycloalkyl, or 3-10 membered cycloalkyl. In an embodiment, R® is hydroxy,
fluoro, or two R, together with the atoms to which they are attached, form 5-10 membered
heteroaryl, 8-10 membered aryl, 3-10 membered heterocydoatkyl, or 3-10 membered
cycloalkyl. in yet another embodiment, R® is hydroxy. In still another embodiment, R% is
fiuore. In another embodiment, R is chioro. In an embodiment, there are two R that are
hydroxy and fluoro. In another embodiment, there are two R® that are hydroxy and chioro. in
still another embodiment, two RS, together with the atoms to which they are attached, form 5-
10 membered heteroaryl, 6-10 membered aryl, 3-10 membered heterccycloalkyl, or 3-10
membered cycloalkyl.

in another embodiment, the compound of Formula il is selected from the group
consisting of a compound from Table 8.

Table 6.
Compound No. Structure
034
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S
101
F
<\____f2' B {Jf\\/ S
118 N’;‘j/\N‘Nj
HD\:&/ :
S
118
E
F:‘
or a pharmaceutically acceptable salt thereof.
In an embodiment of Formulas |, 1, and 11, R is C4-C; alkyl,

The compounds disclosad hersin may exist as tautomers and optical isomers (8.4,

enantiomers, diastereomers, diastersomeric mixtures, racemic mixtures, and the like).

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

to provide a compound disclosed hersin is a prodrug within the scops of the present

disclosurs.

Compounds provided hersin can also include all isclopes of aloms oocurring in the

intermediates or final compounds. Isotopes include those atoms having the same atomic

number but different mass numbers. For example, isctopes of hydrogen include fritium and

deuterium. One or more constituent atoms of the compounds of the invention can be

repiaced or substituted with isotopes of the atoms in natural or non-natural abundance. In

some embodiments, the compound includes at least one deuterium atom. For example, one

or more hydrogen atoms in a compound of the present disclosure can be replaced or

substifuted by deuterium. In some embodiments, the compound includes tWwo or more

deuterium atoms. In some embodiments, the compound includes 1,2, 3, 4, 5,6, 7, 8, 9, 10,

11 or 12 deuterium atoms. Synthetic methods for including isofopes into organic compounds

are known in the art (Deuterium Labeling in Organic Chemistry by Alan F. Thomas (New

49



10

20

25

35

WO 2021/096948 PCT/US2020/060001

York, N.Y., Applston-Century-Crofts, 1971; The Renaissance of H/D Exchange by Jens
Atzrodt, Volker Derdau, Thorsten Fey and Jochen Zimmermann, Angew. Chem. Int. Ed.
2007, 7744-7765; The Organic Chemisiry of Isoiopic Labelling by James R. Hanson, Royal
Socisty of Chemistry, 2011). isciopically labeled compounds can used in various studies
such as NMR speclroscopy, metabolism experiments, and/or assays.

in the compounds provided herein, any atom not specifically designated as a
particular isolope is meant 1o represent any stable isotope of that atom. Unless otherwise
stated, when a position is designated specifically as "H” or “hydrogen,” the position is
understood {0 have hydrogen at iis natural abundance isotopic composition. Also, unless
otherwise stated, when a position is designated specifically as "D or "deuterium” the
position is understood to have deuterium at an abundance that is at least 3000 times greater
than the natural abundance of deuterium, which is 0.015% (i.e., at least 45% incorporation of
deuterium}.

In an aspect, provided herein is a pharmaceutical composition comprising any one of
the compounds disclosed herein, or a pharmaceutically acceptable salt thereof, and at least
one pharmacsutically acceptable carrier.

inn an emboediment, the compaosition further comprises a second active agent. In
another embodiment, the second active agent is selected from the group consisting of a
MEK inhibitor, a PI3K inhibitor, and an mTor inhibitor. In yet another embodiment, the
second active agent prevents EGFR dimer formation in a subject. In still another
smbodiment, the second active agent is selectad from the group consisting of cetuximab,
trastuzumab, and panitumumab. In an embodiment, the second aclive agent is an ATP
competitive EGFR inhibiior. In another embodiment, the ATP competitive EGFR inhibitor is
osimertinib, gefitinib, or erfotinib. In ancther embodiment, the ATP competitive EGFR
inhibitor is osimertinib.

in another aspect, provided herein are pharmaceutical compaositions comprising a
compound of the present disclosure, or a pharmaceutically acceptable salt thereof, and a
pharmacsutically acceptabie 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,
trastuzumab, or panitumumab. In further embodiments, the second active agent that
prevents EGFR dimer formation is cetuximab.

A compound that binds {o an allosteric site in EGFR, such as the compounds of the
present disclosure {e.q., the compounds of the formulae disclosed herein), optionally in

coembination with a second active agent, wherein said second active agent pravents EGFR
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dimer formation, are capable of modulating EGFR activity. in some embodiments, the
compounds of the present disclosure are capable of inhibiting or decreasing EGFR activity
without a second active agent (e.q., an antibody such as cetuximab, trastuzumab, or
panitumumab). In other embodiments, the compounds of the present disclosure in
combination with a second active agent. In an embodiment, the second active agent
pravents EGFR dimer formation and/or are capable of inhibiting or decreasing EGFR
activity. 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
achive agent that prevents EGFR dimer formation is cetuximab. in an embodiment, the
second active agent is an ATF competitive EGFR inhibitor. In ancther embodiment, the ATP
competitive EGFR inhibitor is osimertinib, gefitinib or erlotinib. In another embodiment, the

ATP competitive EGFR inhibitor is osimertinib.

Methods of Treatment

Inan aspect, provided herein is a method of treating cancer in an individual in need
thereof, comprising administering o the individual a therapeutically effective amount of a
compound disclosed hersin. In an emboediment, the cancer is selected from the group
consisting of lung cancer, colon cancer, breast cancer, endometrial cancer, thyroid cancer,
giioma, squamous cell carcinoma, and prosiate cancer. In another embodiment, the cancer
is non-small cell lung cancer (NSCLC).

in another aspedt, provided hersin 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 provided herain. In an embodiment, the kinase is EGFR.

in yet another aspect, provided herein is a mathod of treating or preventing a kinase-
mediated disordsr in an individual in need thereof, comprising administering to the individual
g therapeutically effective amount of a compound of the presant disclosure. In an
embodiment, the kinase-meadiated disorder is resistant (o an EGFR-{argeted therapy. in
another embodiment, the EGFR-treated therapy is selected from the group consisting of
gefitinib, erlotinib, osimertinib, CO-1688, and WZ24002.

In some embodiments, the compounds of the present disclosure are capable of
modulating {e.q., inhibiting or decreasing) the activity of EGFR containing one or more
mutations. In some embodiments, the mutant EGFR contains one or more mutations
salected from T790M, L7180, L844Y, VB48R, LBEER, [841R, C7978, and Del. In other
embodiments, the mutant EGFR contains a combination of mutations, wherein the
combination is selected from DeVL7180, Del/L844Y, Del/TTO0M, Del/T720M/LT7 180,
Del/T7A0M/LE44Y, LBSBR/LT718Q, LBE8R/L844Y, LBSSR/TTO0M, LESBR/T7I0M/IS41R,
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Del/T790M, Del/T7OONMICTOTS, LE8BBR/TTION/CTITS, and LESBR/T7BOM/LT18Q. In other
embodiments, the mutant EGFR contains & combination of mutations, wherein the
combination is selected from Del/L844V, [ 858R/L844Y LBE8R/TTO0M,
LEBBRIT7O0M/IC4 1R, LBESR/TTOOM/CTOTS, Del/T700M, Del/T790M, Del/T790M/CT797S,
and LBSBR/T790M. In cother embodiments, the mutant EGFR contains a combination of
riutations, wherein the combination s selected from LBEER/TYO0M, LE5EBR/T7A0MAB4R,
LESGR/T7SOM/CTAT7S, DelT790M, Del/T780M/CTE7S, and LBSBR/T790M.

In some embodiments, the compounds of the present disclosure in combination with
a second active agent, wherein said second aclive agent prevents EGFR dimer formation,
are capable of modulating (a.¢., inhibiting or decreasing) the activity of EGFR containing one
or more mutations. In some embodiments, the mutant EGFR contains one or more
mutations sslected from T720M, L7180, L8444V, VB48R, LB5ER, 1841R, C7975, and Del. In
other embediments, the mutant EGFR contains a combination of mutations, wherein the
combination is selected from Del/L7180, Del/L844YV, Del/TTO0M, Del/T7S0M/LT 180,
Del/ T7H0M/LE44Y, LBSBR/LT18Q, LBOER/LE44Y, LEBEBR/T700M, LBREBR/TTIOWIO4MR,
Del/T7B0M, Del/T700MICTOTS, LBBBR/T7AOM/CTE7S, and LESER/T7AOM/L718Q. In other
embodiments, the mutant EGFR contains a combination of mutations, whersin the
combination is selected from Del/L844Y, LBSER/AE44Y LESBR/T7O0OM,
LESBR/TTOOM/AG4IR, LBEBR/TTOOM/CTYVS, Del/T700M, Del/T790MICTOTS, and
L8SBR/T790M. In other embodiments, the mutant EGFR containg @ combination of
mutations, wherein the combination is selected from LBBER/TYI0M, LESBR/T7SOMAB4E TR,
LBSBR/T7SOM/CTITS, Del/T7O0M, Del/TTOOM/CTEYS, and LBSBR/T790M. In some
ambodiments, 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 inhibifor. In another embodiment, the ATF compstilive
EGFR inhibitor is osimertinib, gefitinib or erlotinib.

in some embodiments, the compounds of the present disclosure are capable of
rmodulating (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 other embodiments, the compounds of the present disclosure in combination with
a second active agent, wherein said second aclive agent prevents EGFR dimer formation,
are capable of modulating {a.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 antibedy. In further

smbodiments, the second aclive agent that prevents EGFR dimer formation is cetuximab,
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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 ATF competifive EGFR inhibitor. In another embodiment, the ATP competitive EGFR
inhibitor is osimertinib, gefitinib or erlotinib. 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 dissases including, but not limited {o, cancer and metastasis, inflammation,
arthritis, systemic lupus ervihematosus, skin-related disorders, puimonary disorders,
cardiovascular disease, ischemia, neurodegenerative disorders, liver diseass,
gastrointestinal disorders, viral and bacterial infections, central nervous system disorders,
Alzheimer's disease, Parkinson's digease, Huntington's disease, amyotrophic lateral
sclerosis, spinal cord injury, and peripheral neuwropathy.

In some embodiments, the compounds of the disclosure exhibit greater inhibition of
EGFR containing one or more mutations as described herein relative t0 a wild-type EGFR. in
certain embodiments, the compounds of the disclosure exhibit at least 2-fold, 3-fold, 5-fold,
10-fold, 25-foid, S0-fold or 100-fold greater inhibition of EGFR containing one or mors
mutations as described hersin relative to g wild-type EGFR. In various embodiments, the
compounds of the disciosure axhibit up to 1000-fold greater inhibition of EGFR containing
one or more mutations as described herein relative o a wild-typs EGFR. in various
smbodiments, the compounds of the disclosure exhibit up 10 10000-fold greater inhibition of
EGFR having a combination of mutations described herein {e.g., LESBR/TTOOM,
LESBR/T7O0MNB4ATR, LBEBR/TTOOMICTYTS, DelfT7To0M, Del/T7I0M/CTE7S, and
LBSER/T790M) relative to a wild-type EGFR.
in other embodiments, the compounds of the disclosure in combination with a second active
agent, wharsin said second active agent prevents EGFR dimer formation, 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 in combination with a
second active agent, wherein said second active agent prevents EGFR dimer formation,
axhibit at least 2-fold, 3-fold, 5-fold, 10-foid, 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
various embodiments, the compounds of the disclosure in combination with a second actlive
agent, wharsin said second active agent prevents EGFR dimer formation, exhibit up to 1000-
fold greater inhibition of EGFR containing one or more mutations as described herain
relative to 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
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mutations described herain {e.g., LBSSR/T7O0M, L8SBR/M7IOMAS4R,
LBSBR/TYSOM/CTETS, Del/T7O0M, Del/T720M/CTATS, and LBSBR/TTHOM) 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 aclive agent that pravents
EGFR dimer formation is cetuximab, trastuzumab, or panitumumab. in further embodimsnts,
the second active agent that prevents EGFR dimer formation is cetuxdmab. In an
ambodiment, the second active agent is an ATP competlitive EGFR inhibitor. In another
embodiment, the ATP competitive EGFR inhibitor is osimertinib, gefitinib or erlotinib. In
ancther embodiment, the ATP competitive EGFR inhibitor is osimertinib.

in some embodiments, the compounds of the disclosure exhibit 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 about 100-Told greater inhibition of EGFR containing
one or more mutations as described herein relative 10 a wild-type EGFR. In various
ambodiments, the compounds of the disclosure exhibit from about 100-fold to about 1000-
fold greater inhibition of EGFR containing one or more mulations as described herein
refative 1o g wild-type EGFR. In various embodiments, the compounds of the disclosure
exhibit from about 1000-Told 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 prevenis EGFR dimer formation, exhibit from about
2-foid to about 10-fold greater inhibition of EGFR containing one or more mutations as
described herein relative to a wild-typs EGFR. In other embodiments, the compounds of the
disclosurs 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
inhibition of EGFR containing one or more mutations as described hersin relative 10 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 100-fold {o about 1000-Told greater inhibition of EGFR containing one or
rmore muiations as described herein relative {0 a wild-type EGFR. In other embodiments, the
compounds of the disclosure in combination with g 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 mors rutations as described herein
relative to a wild-type EGFR. In other ambodiments, 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

smbodiments, the second aclive agent that prevents EGFR dimer formation is cetuximab. In
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an embodiment, the second active agentis an ATP competitive EGFR inhibitor. In another
embodiment, the ATF competifive EGFR inhibitor is osimertinib, gefitinib or erlofinib. In
another embodiment, the ATP compstitive EGFR inhibitor is osimertinib.

In certain embodiments, the compounds of the disclosure exhibit at lsast 2-fold
greater inhibition of EGFR having a combination of mutations selectad from LB58R/T7I0M,
LESBR/T7O0MNB4 1R, LBSER/T7OOM/CTYYS, DelfT7To0M, Del/T790M/ICTE7S, and
LBSER/T70M relative to a wild-type EGFR. In certain embodiments, the compounds of the
discliosure exhibit ai least 3-fold greater inhibition of EGFR having a combination of
mutations selscted from LEBBR/T790M, LBSEBR/TTIOM/AS4MR, LESBR/T7OM/CTO7E,
Del/T700M, Del/TYO0MICTETS, and LBSBR/T790M relative to a wild-type EGFR. In certain
embodiments, the compounds of the disclosure exhibit at least 5-fold greater inhibition of
EGFR having a combination of mutations selected from L8S8R/T790M,
L8SBRIT7O0M/IS4 1R, LBEER/TTOOMICTSYS, DelfT720M, Del/T790M/C7E7S, and
LBSBR/T790M relative to a wild-type EGFR. In certain embodiments, the compounds of the
disclosurg exhibit at least 10-fold greater inhibition of EGFR having a combination of
mutations selected from L8EBR/T7A0M, LBSSR/TTI0MAGLMR, LESBR/TTROM/CTO7S,
Del/T790M, Del/T7O0MICTOT7S, and LBEBR/T7I0M relative to a wild-type EGFR. In certain
embodiments, the compounds of the disclosurs exhibit al least 25-fold greater inhilition of
EGFR having a combination of mutations selected from LE8SBR/T7I0M,
L8EBRIT7O0M/IC41R, LBESR/TTOOM/CTIYS, Del/T700M, Del/T790M/CTRTS, and
L85BR/T790M relative to a wild-type EGFR. In certain embodiments, the compeounds of the
disclosure exhibit at least 50-fold greater inhibition of EGFR having a combination of
mutations selected from L LBSBR/T790M, LBSSR/TTOOM/AG4MR, LBESR/T7OOM/CTOTS,
Del/T780M, Del/T700MICTATS, and LBESR/TTI0M relative fo a wild-type EGFR. In certain
smbodiments, the compounds of the disclosure exhibit af least 100-fold greater inhibition of
EGFR having a combination of mutations sslected from LESER/TTOOM,
L8SBR/TTOOMAS4IR, LBEBR/TTOOM/CTOYS, Del/T700M, Del/T790M/CTETS, and
L85BR/T7H0M relative (o s 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,
axhibit at least 2-fold greater inhibition of EGFR having a combination of mutations selected
from LASBR/T7O0M, LEERR/T7I0M/IB41R, LBEBR/TTOOM/CTE7S, DelfT7A0M,
Del/T700M/CTO7S, and LBEBR/T780M relative to a wild-type EGFR. In certain embodiments,
the compounds of the disclosure in combination with a second active agent, whersin said
second active agent prevents EGFR dimer formation, exhibit al least 3-fold greater inhibition
of EGFR having a combination of mutations selected from LBSSR/TTI0OM,
L8SBR/T7S0M/IB4 1R, LBEER/TTOOMICTSYS, Del/T700M, Del/T70M/C7273, and



10

20

25

35

WO 2021/096948 PCT/US2020/060001

LBSBR/TTO0M relative to a wild-type EGFR. In certain embodiments, the compounds of the
disciosurs in combination with a second active agent, whersin said second active agent
prevents EGFR dimer formation, exhibit at least 5-fold greater inhibition of EGFR having a
combination of mufations selectad from LB58R/T7O0M, LBS8R/T720M/M941R,
LBEBR/T7OOM/CT7YTS, Del/T790M, Del/TTOOM/CTETS, and LBSBR/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 10-fold greater inhibition of EGFR having a combination of mutations selected
from LBSBR/T7O0M, LBBBR/T7I0M/IB41R, LBSBR/TTOOM/CTE7S, Del/T7O0M,
Del/T7O0M/CTY7S, and LBSBR/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 25-foid greater
inhibition of EGFR having a combinagtion of mutations selected from L8S8R/T720M,
L8SBR/T7O0M/IB4 1R, LBSBR/TTOOM/CTIYS, DelfT700M, Del/T730M/CTE7S, and
LESBR/T7A0M relative to a wild-type EGFR. In certain embodiments, the compounds of the
disclosure in combination with & second active agent, wherein said second active agent
prevents EGFR dimer formation, exhibit at least 50-fold greater inhibition of EGFR having &
combination of mutations selected from L LBOER/T7O0OM, LBESR/T7OOM/IB41R,
LBEBR/TTOOM/CTETS, DelT7O0M, Del/T700M/CTE7S, and LBSBR/TTIOM relative fo a wild-
type EGFR. In certain embodiments, the compounds of the disclosure in combination with a
second aclive agent, wherein said second aclive agent prevents EGFR dimer formation,
axhibit at least 100-fold greater inhibition of EGFR having a combination of mutations
selected from LESBR/T7O0M, LBSBR/TTIOMAS4 IR, LBESR/TTOOM/CTETS, Del/T790M,
Del/TTS0M/CTETS, and LBSBR/T7E0M relative to a wild-type EGFR. In some embodimenis,
the second active agent that prevents EGFR dimer formation is an antibody. In further
smbodiments, the second active agent that prevents EGFR dimer formation is catuximab,
frastuzumab, or panitumumab. In further embodiments, the second active agent that
prevents EGFR dimer formation is cetuxdmab. 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 embodimentis, the inhibition of EGFR activity is measured by 1Cye.

in some embodimentis, the inhibition of EGFR activity is measured by ECeo.

in some embodiments, the inhibition of EGFR by a compound of the disclosure can
be measured via a bicchemical assay. By iHustrative and non-limiting example, a
homogenous time-rescived fluorescence (HTRF) assay may be usaed to determineg inhibition
of EGFR activity using conditions and experimental parameters disclosed herein. The HTRF

assay may, for example, employ concenirations of subsirate (e.q., bictin-Lck-peptide
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substrate) of about 1 U, concentrations of EGFR (mutant or WT) from about 0.2 nM o
about 46 nM; and concentrations of inhibitor from about §.000282 M to about 50 pdM. A
compound of the disclosure screened under these conditions may, for example, exhibit an
ICse value from about 1 nM o >1 uM; from about 1 nM to about 400 nb; from about 1 nM o
about 150 nM; from about 1 nM o about 78 nM; from about 1 nM to about 406 nM; from about
1 nM 1o about 25 nM; from about 1 nM to about 15 nM; or from about 1 nM o about 10 nM.
in certain embodiments, & compound of the disclosure soreened under the above conditions
for inhibition of EGFR having a mutation or combination of mutations selected from
LBSSR/T7O0M, LB5BR, and T790M may, for example, exhibit an {Cse value from about 1 nM
to >1 ubd; from about 1 nM {o about 400 ni, from about 1 nM o about 150 nM,; from about 1
i to about 75 nM; from about 1 nM to about 40 nid; 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 some embodiments, the compounds of the disclosure bind to an allosteric site in
EGFR. in some 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, in other embodiments, the compounds of the disclosure interact with
at least one amine acid residue of epidermal growth factor receptor (EGFR) selected from
Cys75b5, Leu777, Phedbs, and AspB55. In other embodiments, the compounds of the
disclosure interact with at least one amino acid residue of epidermal growth factor receptor
(EGFR) selected from Met786, He758, GIU782, and Ala783. In other smbodiments, the
compounds of the disclosure interact with at Isast one amino acid residue of epidermal
growth factor receptor (EGFR) selacted from Lys748, Leu788, and Ala 743, al least one
amino acid residue of epidermal growth factor receptor (EGFR) selected from Cys755,
Leu?77, PheBb6, and Asp3hS; and at least one amino acid residue of spidermal growth
factor recepior (EGFR) selectad from Mei786, 759, GIuT82, and Alg783. in other
embodiments, the compounds ¢of the disclosure do not interact with any of the amino adid
rasidues of epidermal growth factor receptor (EGFR) selected from Met783, Giy798, and
Cys797.

in some embaodiments, 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 3 wild type EGFR. For example, the compound can be at least about 2-
fold, 3-fold, 5-fold, 16-fold, 25-fold, 50-fold or about 100-fold more potent at inhibiting the
kinase activity of the drug-resisiant EGFR mutant relative to a wild-type EGFR. In some
embodiments, the drug -resistant EGFR mutant is resistant {o one or more known EGFR
inhibitors, including but not limited to gefitinib, erfotinib, lapatinib, WZ4002, HK-272, CL-

387785, and osimartinib.
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in some embodiments, the drug-resistant EGFR mutant comprises a sensitizing
mutation, such as Del and LB58R.

in some embodiments, the disclosure provides a compound comprising an allosteric
kinase inhibitor in combination with @ second active agent, wherein said second active agent
prevents 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 Z2-fold, 3-fold, 5-fold, 10-fold, 25-fold, 50-fold or about
100-fold more potent at inhibiting the kinase activity of the drug-resistant EGFR mutant
relative 10 a wild-type EGFR. In some embodiments, the drug-resistant EGFR mutant is
resisiant to one or more known EGFR inhibitors, including but not limited to gefifinib,
griotinib, lapatinib, WZ4002, HKI-272, CL-387785, and osimertinib. In some embodiments,
the drug-resistant EGFR mutant comprises a sensilizing mutation, such as Del and LB5SR.
I 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, frastuzumab, or panitumumab. In further embodiments, the second
active agent that prevents EGFR dimer formation is cetuximab. in an embodiment, the
sacond active agent is an ATF competitive EGFR inhibitor. In another embodiment, the ATP
competitive EGFR inhibitor i1s osimertinib,

In some embaodiments, the disclosure provides a compound comprising an allosteric
kinase inhibitor, wherein the compound inhibits kinase activity of g drug-resistant EGFR
mutant harboring a sensitizing mutation (2.¢., Del and L8SER) and a drug-resistance
mutation (e.g., T790M, L7180, C7978, and L844V) with iess than a 10-fold difference in
potancy (6.9., as measured by iCs) relative to an EGFR mutant harboring the sensitizing
mutation but not the drug-resisiance mutation. In some embodiments, the difference in
potency is less than about 9-fold, 8-fold, 7-fold, &-foid, 5-foid, 4-fold, 3-fold, or 2-fold,
in other embodiments, the disclosure provides a compound comprising an allosteric kinase
inhibitor in combination with a sacond active agent | wherein said second active agent
prevents EGFR dimer formation, wherein the compound in combination with the second
active agent inhibils kinase activity of a drug-resistant EGFR mutant harboring a sensitizing
mutation {(e.q., Del and LB58R) and a drug-resistance mutation {e.g., T780M, L7180,
C7978, and LB44V) with less than a 10-fold difference in potency {e.q., as measurad by
ICs0) 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-faid, 4-fold, 3-fold, or 2-fold. In some embodiments, the sscond
active agent that prevents EGFR dimer formation is an antibody. In further embodiments, the

second active agent that prevenis EGFR dimer formation is cefuxdimab, frastuzumab, or
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panitumumab. In further embodiments, the second active agent that prevents EGFR dimer
formation is cetudmab. In an embodiment, the second active agentis an ATF competitive
EGFR inhibitor. In another embodiment, the ATP competitive EGFR inhibitor is osimertinib,
gefitinib or erlotinib. In ancther embodiment, the ATP competitive EGFR inhibitor is
osimertinib.

In some embodiments, the disclosure provides a compound comprising an allosteric
kinase inhibifor, wherein the compound is more potent than one or more known EGFR
inhibitors, including but not limited to gefitinib, erotinib, lapatinib, WZ4G02, HKG-272, CL-
387785, and osimertinib, at inhibiting the activity of EGFR containing one or more mutations
as described herein, such as T790M, L718Q), L8444V, L858R, C7875, and Del. 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 more potent (8.¢., as measured by 1Cse) than gefitinib, erlofinib, lapatinib, WZ4002,
HiKI-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, wherain the compound in combination with the
sacond active agent is more potent than one or more known EGFR inhibitors, including but
not limited to gefitinib, erotinib, lapatinib, WZ4002, HKI-272, CL-387785, and osimertinib, at
inhibiting the activity of EGFR conlaining one or more mutations as described herein, such
as T7O0M, L7180, L8444V, L8EBR, C7975, and Del. For example, the compound in
combination with a sscond active agent, wherein said second active agent prevents EGFR
dimer formation, can be at ieast about 2-Told, 3-fold, 5-fold, 10-fold, 25-fold, 50-fold or about
100-fold more potent (8.g., as measured by ICse) than gefitinib, erlotinib, lapatinib, WZ4002,
HKI-272, CL-387785, and osimertinib at inhibiting the activity of the EGFR containing one or
more mutations as described herein. In soms embodiments, the second active agent that
prevents EGFR dimer formation is an antibedy. In further embodiments, the second active
agent that prevents EGFR dimer formation is celuximab, trastuzumab, or paniturmumab. 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, gefitinib
or erlotinib. In another embaodiment, the ATP competitive EGFR inhibitor is osimertinib.

in some embodiments, the disclosure provides a compound comprising an allosteric
kinase inhibitor, wherain the compound is less 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 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-
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fold less potent (.., as measured by iCe) than gefitinib, eriotinib, 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 @ 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 oF more known EGFR inhibitors, including but not limited
to gefitinib, erlotinib, lapatinib, WZ4002, HKI-272, CL-387785, and osimertinib, at inhibiting
the aclivity 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 Z-fold, 3-fold, &-fold, 10-fold, 25-fold, HG-fold or about 100-fold less potent (a.g.,
as measured by 1Cse) than gefitinib, erlotinib, lapatinih, WZ24002, HKI-272, CL-387785, and
osimertinib, at inhibiting the aclivity 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 prevents EGFR dimer
formation is cetuximab. In an embodiment, the second active ggent is an ATP compaetitive
EGFR inhibitor. In another embodiment, the ATP competitive EGFR inhibitor is osimertinib,
gefitinib or erlotinib. In another embodiment, the ATP competitive EGFR inhibitor is
osimertinib.

Potency of the inhibitor can be determined by ECs value. A compound with a lower
ECse value, as determined under substantially similar conditions, is a more potent inhibitor
refative to a compound with a higher ECse value. In some embodiments, the substantially
simitar conditions comprise determining an EGFR-dependent phosphorylation fevel, in vitro
or in vive (8.g., in 3T3 cells expressing a wild type EGFR, a mutant EGFR, or a fragment of
any theraof),

Potency of the inhibitor can also be determined by 1Cs value. A compound with 2
fower 1Cqo value, as determined under substantially similar conditions, is a more potent
inhibitor relative to a compound with a higher 1Cse value. In some embodiments, the
substantially similar conditions comprise determining an EGFR-dependent phosphorylation
fevel, In vitro or in vive {e.g., in 373 celis exprassing a wild type EGFR, a mutant EGFR, or &
fragment of any thereof).

An EGFR sensifizing mutation comprises without limifation L858R, 7188, G718C,
G718A, L8810, a delstion 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, T8544,
L7180, C7978, or D7B1Y.

The selectivity between wild-type EGFR and EGFR containing one or more

mutations as described herein can also be measured using cellular proliferation assays
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where cell prodiferation is dependent on kinase activity. For exampls, murine Ba/F3 cells
transfected with a suifable version of wild-lype EGFR (such as VIli; containing a WT EGFR
kinase domain), or Ba/F2 cells transfected with LBSSR/T7O0M, Del/T720M/LY18Q,
LESBR/T7S0M/L71BQ, LBEER/TT7OOM/CTEYS, Del/T7O0MICTE7S, LBESRITVS0M/IS41R, or
Exon 18 deletion/T790M can be used. Proliferation assays are performesd &t a range of
inhibitor concentrations (10 ubM, 3 g, 1.1 oM, 330 nM, 110 i, 33 nM, 11 nM, 3 oM, Eald)
and an ECs is calculated.

A alternative method to measure effects on EGFR activity is to assay EGFR
phosphorylation. Wiid type or mutant (L858R/T790M, Del/T790M, Del/T780M/LY18Q,
LBSAR/TYOOM/CTOTS, DelfT7O0N/CTE7S, LBSBR/T7OOM/ID41R, or LBSBR/TYIOM/AT18G)
EGFR can be transfected into NIH-3T3 cells (which do not normally express endogencous
EGFR) and the ability of the inhibitor (using concentrations as above} to inhibit EGFR
phosphorylation can be assayed. CUells are exposead 1o increasing concentrations of inhibitor
for 8 hours and stimulated with EGF for 10 minutes. The effects on EGFR phosphorylation
are assaved by Western Blotting using phospho-specific {(Y1068) EGFR antibodies.

in another aspedt, the present disclosure relates to a compound that binds fo an
allosteric site in EGFR, wherein the compound exhibits greater than 2-foid, 3-foid, 5-fold, 10~
fold, 25-fold, 50-foid, 100-fold, or 1000-fold inhibition of EGFR containing one or more
muiations as described herein {e.g., LBBBR/T790M, Del/T790M, Del/T730M/LT 180,
L8EBRIT7O0MICTETS, DelfT7Q0N/CTO7S, LBSBR/T7A0M/I941R, or LBEBR/T7R0M/A718M)
relative to a wild-type EGFR.

in other embodiments, the disclosure provides a compound that binds to an allosteric
site in BEGFR in combination with a second active agent | wherein sald second active agent
pravents EGFR dimer formation, whersin the compound in combination with the second
active agent 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 (8.g.,
LBSBR/TTS0M, Delf T7TO0M, Del/ T7O0M/LT18Q, Del/T70M/CTI7S LESSR/TTOOM/CTOTS,
LESBR/T7O0M/IC41R, or LEBBR/T7S0M/L718Q) relative to a wildtyps EGFR. In some
smbodiments, the second aclive agent that prevents EGFR dimer formation is an antibody.
i 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 cefuximab. in an embodiment, the second active
agent is an ATP competitive EGFR inhibitor. in another embodiment, the ATP competitive
EGFR inhibitor is osimertinib, gefitinib or erlotinib. In another embodiment, the ATP
competitive 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
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thersof an effective amount of a compound of disciosed herein, or a pharmaceutically
gcceptable 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 embaodiments, the second active agent that prevents EGFR dimer formation is an
artibody. 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 inhibifor. In another embodiment, the ATP
competitive EGFR inhibitor is osimertinib, gefitinib or erlotinib. In another embodiment, the
ATP compstitive EGFR inhibitor is osimertinib.

in another aspect, provided herein is a method of treating or preventing a disease,
the method comprising administering 1o a subject in need thereof an effective amount of a
compound of disclosed hersin, or a pharmaceutically acceptable salt thereof. in some
embodiments, the disease is mediated by a kinase. In further embodiments, the kinase
comprises a mutated cysteine residue. In further embodimenis, the mutaied cysteine residue
is incated in or near the position equivalent to Cys 797 in EGFR, including such positions in
Jak3, Bik, Bmx, Bik, HERZ (ErbB2), HER4 (ErbB4), ik, Tec, and Txk. in some
embodiments, the method further comprises administering a second active agent, wherein
said second aclive agent prevents dimer formation of the kinase. In some embodiments, the
second active agent that prevenis kinase dimer formation is an antibody. In further
embodiments, the second aclive agent prevents EGFR dimer formation. In further
gmbodiments, 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 aclive agent is
an ATP compstifive EGFR inhibitor. In another embodiment, the ATP competitive EGFR
inhibitor is osimertinib, gefitinib or erlotinib. In ancther smbodimeant, the ATF compstitive
EGFR inhibitor is osimertinib.

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

In certain embodiments, the disease is resistant {o a known EGFR inhibitor, including
but not imited to, gefitinib, erlotinib, osimertinib, CO-1886, or WZ4002. In certain
embodiments, & diagnostic test is performed to determine if the disease is associated with
an aclivating mutation in EGFR. In certain embodiments, & diagnostic test is performed to
determine if the disease is associated with an EGFR harboring an sctivating mutation and/or
a drug resistance mutation. Activating mulations comprise without limitation LB58R, (371985,
G719C, G7194, L7180, L861Q, a deletion in exon 19 and/or an insertion in exon 20. Drug
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resistant EGFR mutants can have without imitation a drug resistance mutation comprising
T790M, T8&4A, L718Q), C797S, or DTB1Y. The diagnosiic test can comprise seguencing,
pyrosequencing, PCR, RT-PCR, or similar analysis techniques known to those of skill in the
art that can detect nuclectide sequences.

in certain embodiments, the dissase is cancer or a proliferation disease.

in further embodiments, the disease is lung cancer, colon cancer, breast cancer,
prostate cancer, liver cancer, pancreas cancer, brain cancer, kidney cancer, ovarian cancer,
stomach cancer, skin cancer, bone cancer, gasinic 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-smail cell flung cancer.

In certain embodiments, the disease is resistant to a known EGFR inhibitor, including
but not limited to, gefitinib, erotinib, osimertinib, CO-1688, or WZ4002. in certain
embodiments, a diagnostic test is performed to determing 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 activating mutation and/or
a drug resistance mutation. Activating mutations comprise without limitation L85BR, G7198S,
G719C, G719A, L718Q, L8810, a deletion in exon 19 and/or an insertion in exon 20, Drug
rasistant EGFR mutants can have without limitation a drug resistance mutation comprising
T700M, TBB4A, L718Q, C797S, or D781Y. The diagnostic test can comprise sequancing,
pyrosequencing, PCR, RT-PCR, or similar analysis techniques known {0 those of skill in the
art that can detect nucleotide sequences,

in yet another aspect, provided herein is a method of treating a kinase-mediated
disorder comprising administering to a subject in need thereof an sffective amount of a
compound disclosed hergin, or a pharmaceutically acceptable salt thereof. In some
embodiments, the compound ig an inhibitor of HER1, HERZ2, or HER4. In other
smbodiments, the subject is administiered an additional therapsutic agent. In other
smbodiments, the compound and the additional therapeutic agent are administerad
simultansously or sequentially.

In another aspect, the disclosure provides a method of treating a kinase mediated
disorder, the method comprising administering to a subject in need thereof an effective
amount of a compound of disclosed herein, or a pharmaceutically acceptable salt thersof,
and a second aclive agent, wherein said second active agent prevents EGFR dimer
formation. In some embodiments, the compound is an inhibitor of HER1, HER2, or HER4. In
other embodiments, the subject is administered an additional therapeutic agent. In other

embodiments, the compound, the second aclive agent that prevents EGFR dimer formation,
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and the additional therapeutic agent are administerad simuliansously 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 prevents EGFR dimer
formation is cetuximab, trastuzumab, or panitumumab. In further embodiments, the second
active agent that prevents EGFR dimer formation is cetudmab. in an embodiment, the
second active agent is an ATP competitive EGFR inhibitor. In another embodiment, the ATP
competitive EGFR inhibilor is osimertinib, gefitinib or erlotinib. In another embaodiment, the
ATP compstitive 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, myeslomas, 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 disesase is non-small cell ung cancer.

in ancther aspect, provided herein is a method of treatling cancer, wherein the cancer
cell comprises activated 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 hersin is @ mathod of treating cancer, wherein the cancer
cell comprises activated EGFR, comprising administering to a subject in need thereof an
effective amount of a compound of disclosed herein, or a pharmaceutically acceptabls salt
thereof and a second active agent, wherein sald second active agent prevents EGFR dimer
formation. In some emboediments, the second active agent that prevents EGFR dimer
formation is an antibody. In further embodiments, the second active agent that preventis
EGFR dimer formation is cetuximab, frastuzumab, or panitumumab. In further embodiments,
the second active agent that prevents EGFR dimer formation is cetuximab. In an
smbodiment, the second active agent is an ATP compstitive EGFR inhibitor. In another
ambodiment, the ATP competitive EGFR inhibitor is osimertinib, gefitinib or erlotinib. In
another embodiment, the ATP competitive EGFR inhibitor is osimertinib.

in certain embodiments, the EGFR activation is selected 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, LBSER, LBG1Q, an exon 19 deletion mutation, and an exon 20 insertion mutation.

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 freatment of
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cancer, comprising administering to the subject an effective amount of a compound
disciosed herein, or a pharmaceutically acceptable salt thereof,

in certain embodiments, the subject identified as being in need of EGFR inhibition is
resistant {o a known EGFR inhibitor, including but not limited to, gefitinib, erlotinib,
osimertinib, CO-1886, or WZ4002. In certain embodiments, a diagnostic iest is performed to
determine if the subject has an aclivating mutation in EGFR. In certain embodiments, a
diagnostic test is performed to determine if the subject has an EGFR harboring an activating
mutation and/or a drug resistance mutation. Activating mutations comprise without imitation
LBSBR G7193, G718C, G718A, L718Q, LBS1Q, a delstion in exon 189 andfor an insertion in
gxon 20. Drug resistant EGFR mutants can have without limitation a drug resistance
mutation comprising T780M, T854A4, L718Q, C7978, or D761Y. The diagnostic test can
comprise sequencing, pyresequencing, PCR, RT-PCR, or similar analysis technigues known
to those of skill in the art that can detect nuclectide sequences.

In an aspect, provided herein is a method of preventing resistance 1o a known EGFR
inhibitor (including but not limited to gefitinib, erlotinib, osimertinib, CO-1688, or W24002) in
a subject, comprising administering to & subject in need thereof an effective amount of a
compound disclosed hergin, or @ pharmaceutically acceptable salt thereof,

in ancther aspect, provided herein is a method of preventing resistance 1o a known
EGFR inhibitor (including but not limited to gefilinib, erlotinib, osimertinib, CO-1888, or
WZ4002) in & disease, comprising administering 1o & subject in need thereof an effective
amount of a compound disciosed herein, or a pharmaceutically acceptable 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 aclive agent that prevents EGFR dimer
formation is cetuximab, trastuzumab, or panitumumab. In further embodiments, the second
active agent that prevents EGFR dimer formation is cefuximab.

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

in another aspect, the disclosure provides a compound disclosed hergin, 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, immunolegically-mediated diseases, bone
diseases, metiabolic diseases, neurclogical and neurcdegensrative diseases, cardiovascular
diseases, hormone related diseases, allergies, asthma, and Alzheimer's disease. In other
embodiments, said condition is selected from a proliferative disorder and a

neursdegenerative disorder.
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One aspect of this disclosure provides compounds that are useful for the treatment of
diseases, disorders, and conditions characterized by excessive or abnormat cell
profiferation. Such diseases include, but are not limited 1o, a proliferative or hyperproliferaiive
disease, and a neurodegenerative disease. Examples of proliferative and hyperproliferative
diseases include, without limitation, cancer. The term “cancer” includes, but is not limited 1o,
the following cancers: breast, ovary, cervix, prostate, testis, genitourinary tract, esophagus,
larynx, glioblastoma, neuroblastoma, stomach, skin, keratoacanthoma, lung, epidermoid
carcinoma, large celi carcinoma, small cell carcinoma, lung adenoccarcinoma, bone, colon,
colorectal, adenoma, pancreas, adenocarcinoma, thyroid, follicular carcinoma,
undifferentiated carcinoma, papillary carcinoma, seminoma, melanoma, sarcoma, bladder
carcinoma, lver carcinoma and biliary passages, kidney carcinoma, myeloid disorders,
lymphoid disorders, Hodgkin's, hairy cells, buccal cavity and pharynx (oral), lip, tongue,
mouth, pharynk, small intestine, colon, rectum, large intestineg, 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
selectad from gastric, renal, head and neck, oropharangeal, non-small cell lung cancer
{NBCLC), 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 fike. For example, cancers includs, but are not limited to, mesothelioma, leukemias
and lymphomas such as cutansous T-cell lymphomas (CTCL}, noncutaneous peripheral T-
cell iymphomas, iymphomas associated with human T-cell lymphotrophic virus (HTLY) such
as adult T-cell leukemiaflymphoma (ATLL), B-cell lymphoma, acute nonlymphocytic
feukamias, chronic lymphocoytic lsukemia, chronic myelogenous leukemia, acuie
mysiogenous lsukemia, lymphomas, and multiple myeloma, non-Hodgkin lymphoma, acute
lymphatic leukemia (ALL), chronic lymphatic leukemia (CLL), Hodgkin's lymphoma, Burkitt
lymphoma, adult T-cell leukemia lymphoma, acute-mysloid leukemia (AML), chronic myeloid
leukemia (CML), or hepatocellular carcinoma. Further examples include myeiodysplastic
syndrome, childhood solid tumors such as brain tumors, neuroblastoma, retinoblastoma,
Wilms' tumor, bone tumors, and soft-tissue sarcomas, common solid tumors of adults such
as head and neck cancers (e.g., oral, laryngeal, nasopharyngeal and esophageal),
genitourinary cancers {(e.g., prostate, bladder, renal, uterine, ovarian, testicular), lung cancer
(2.g., small-cell and non-small csll), breast cancer, pancreatic cancer, melanoma and other
skin cancers, stomach cancer, brain turmnors, turmors related to Gordin syndrome (8.q.,
medulloblastoma, meningioma, efc), and liver cancer. Additional exemplary forms of cancer
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 infestine, rectum carcinoma,
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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,
freating and studying are, for example, colon carcinoma, familial adenomatous polyposis
carcinoma and hereditary non-polyposis colorecial cancer, or melanoma. Further, cancers
inciude, but are not limited 1o, labial carcinoma, larnynx carcinoma, hypopharynx carcinoma,
tongue carcinoma, salivary gland carcinoma, gastric carcinoma, adenocarcinoma, thyroid
cancer (medullary and papiliary thyroid carcinoma), renal carcinoma, kidney parenchyma
carcinema, cervix carcinoma, ulering corpus carcinoma, endometrium carcinoma, chorion
carcinoma, testis carcinoma, urinary carcinoma, melanoma, brain tumors such as
glioblastoma, astrocyioma, meningioma, medulioblastoma and peripheral neurcectodermal
fumors, gall bladder carcinoma, bronchial carcinoma, multiple myeloma, basalioma,
teratoma, retinobiastoma, choroidea melancoma, seminoma, rhabdomyosarcoma,
craniopharyngeoma, ostecsarcoma, chondrosarcoma, myosarcoma, liposarcoma,
fibrosarcoma, Ewing sarcoma, and plasmocytoma. In ong aspect of the disclosure, the
present disclosure 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 disciosed herein.

in some embodiments, the compounds of this disclosure are useful for treafing
cancer, such as colorectal, thyroid, breast, and lung cancer; and myeloproliferative
disorders, such as polycythemia vera, thrombocythemia, mysloid metaplasia with
mysicfibrosis, chronic myelogenous leukemia, chronic myeiomonocytic isukemia,
hypereosinophilic syndrome, juvenile myelomonocylic leukemia, and systemic mast cell
disease. In some embodiments, the compounds of this disclosure are useful for treating
hematopoistic disorders, in particular, acute-myelogencus leukemia (AML}, chronic-
myelogenous leukemia (CML), acute-promyelocytic leukemia, and acute lymphocytic
leukemia (ALL).

The term “cancerous cell” as provided herein, includes a cell afflicted by any oneg 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-cancerous lesion recognizable in a biopsy by a
pathologist. The subject compounds may be administerad for the purpose of preventing said
hyperplasias, dysplasias, or pre-cancerous lesions from continuing 1o expand or from
becoming cancerous. Examples of pre-cancerous lesions may occur in skin, esophageal

fissue, breast and cervical inira-epithelial tissue.
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Examples of neurcdegenerative diseasses include, without limitation,
adrencleukodystrophy (ALD), Alexander's diseasse, Alper's disease, Alzheimer's diseass,
amyoirophic lateral sclerosis (Lou Gehrig's Diseass), ataxia telangiectasia, Batten disease
{also known as Spielmeyear-Vogt-Sjogren-Batten disease), bovine spongiform
encephalopathy (BSE), Canavan disease, Cockayne syndrome, corticobasal degeneration,
Creutzfeldt-Jakob disease, familial fatal insomnia, frontotemporal lobar degeneration,
Huntington's disease, HiV-associated dementia, Kennedy's disease, Krabbe's disease, Lewy
body dementia, neuroborreliosis, Machado-Joseph disease {(spinocerebellar ataxia type 3),
multiple system atrophy, multiple sclerosis, narcolepsy, Niemann Pick disease, Parkinson's
disease, Pelizasus-Merzbacher disease, Pick's disease, primary lateral sclerosis, prion
diseases, progressive supranuclear palsy, Refsum's disease, Sandhoff disease, Schilder's
disease, subacute combined degeneration of spinal cord secondary o pernicious anaemia,
Spielmeyer-VYogt-Sjogren-Batten disease (also known as Batten disease), spinocerebeliar
ataxia (multiple types with varying characieristics), spinal muscular atrophy, Sleels-
Richardson-Olszewski disease, tabes dorsalis, and toxic encephalopathy.

Ancther aspect of this disclosure provides a method for the freatment or lessening
the severily of a disegse selected from a proliferative or hyperproliferative dissase, ¢or a
neurcdegenerative disease, comprising administering an effective amount of a compound, or
a pharmaceutically acceptable composition comprising a compound, to a subject in need
thereoi. In other embodiments, the method further comprises administering a second active
agent, wherein said second active agent prevenis EGFR dimer formation. In soms
agmbodiments, the second active agent that prevents EGFR dimer formation is an antibody.
in further smbodiments, the second active agent that prevents EGFR dimer formation is
cetuximab, trastuzumab, or panitumumanb. 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, gefitinib or erlotinib. In another embodiment, the ATP
competitive EGFR inhibitor is osimertinib.

The activity of the compounds and compositions of the present disclosure as EGFR
kinase inhibitors may be assayed in Vilro, in vivo, or in a cell line. In vitro assays include
assays that determineg inhibition of either the kinase activity or ATPase activity of the
activated kinase. Alternate in vitro assays quantitate the ability of the inhibitor to bind {o the
protein kinase and may be measurad either by radio labelling the inhibitor prior to binding,
isolating the inhibitor/kinase complex and determining the amount of radic labe! bound, or by
running a competition experiment where new inhibitors are incubated with the kinase bound
to known radicligands. Detailed conditions for assaying a compound utilized in this

disciosure as an inhibiior of various kinases are set forth in the Examples below.
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in accordance with the foregoing, the present disclosure further provides a method
for preventing or treating any of the diseases or disorders described above in a subject in
need of such treatment, which method comprises adminisiering o said subject a
therapeutically effective amount of a compound of the disclosure, or a pharmaceutically
accepiable salt thereof, and optionally a second active agent, wherein said second aclive
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 {o be treated and the
effect desired.

in other embodiments, the compound and the second active agent that prevents

EGFR dimer formation are administered simultaneously or sequentially.

Administration / Dosages / Formufations

Liguid dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, 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 solvents, solubilizing agents and emulsifiers such as
ethyi alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohdl, benzyl
benzoate, propyiene glveol, 1,3-butylene glyeol, dimethyiformamide, oils (in particular,
cottonseed, groundnut, com, germ, olive, castor, and sesame oils), glycerol,
tetrahydrofurfuryl alcohol, polyethylene glycois and fatty acid esters of sorbitan, and mixtures
thereof. Besides inert diluents, the oral compositions can also include adjuvants such as
welting agents, emulsifying and suspending agents, sweetening, flavoring, and perfuming
agents.

injectable preparations {for example, sterile injectable aqueous or oleaginous
suspensions) may be formulated according to 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
diluent 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
isetonic sodium chioride solution. In addition, sterile, fixed oils are conventionally employed
as a solvent or suspending medium. For this purpose, any bland fixed ol 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 {o prolong the effect of a drug, i is often desirable to slow the absorption of
the drug from subcutaneous or inframuscular injection. This may be accomplished by the
use of a liguid suspension of crystalline or amorphous material with poor water solubility.

The rate of absorption of the drug then depends upon Hs rate of dissolution which, in turn,
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may depend upon crystal size and crysialiine form. Alternatively, delayed absorption of a
parenterally administered drug form is accomplished by dissolving or suspending the drug in
an oil vehicle.

Compaositions for rectal or vaginal administration are preferably suppaositories which
can be prepared by mixing the compounds of this disclosure with suitable non-irritating
excipients or carriers such as cocoa butter, polyathylene glyeol, or a suppository wax which
are solid at ambient temperature but liguid at body temperature and therefore melt in the
rectumn or vaginal cavity and release the active compound.

Solid compositions of @ similar type may also be emploved as fillers in soft and hard
filled gelatin capsules using such excipients as lactose or mitk sugar as well as high
molecular weight polyethylene glycols and the like,

The active compounds can also be in micro-encapsulated form with one or more
excipients as ncted above. The solid dosage forms of tablets, dragses, 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 diluent
such as sucrose, lactose or starch. Such dosage forms may alsc comprise, as is normal
practice, addilional substances other than inert diluents, .g., tableting lubricants and other
fableting 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
disciosurs include cintments, pastes, creams, lotions, gels, powders, solutions, sprays,
inhalants or patches. The active component is admixed under sterile conditions with a
pharmaceutically acceptabie carrier and any needed preservatives or buffers as may be
required. Ophthalmic formulation, ear drops, eye cintments, powders and solutions are alse
contemplated as being within the scope of this disclosura.

The ointments, pastes, creams and gels may contain, in addition to an active
compound of this disclosure, excipients such as animal and vegsetable fats, oils, waxes,
paraffins, starch, tragacanth, cellulose derivatives, polysthylens glycols, silicones,
hentonites, silicic acid, {alc and zinc oxide, or mixiures thereof,

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

Transdermal patches have the added advantage of providing controlled delivery of a
compound o 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
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flux of the compound across the skin. The rate can be controlied by either providing a rate
controliing membrane or by dispersing the compound in a polymer matrix or gel

According to the methods of treatment of the present disclosure, disorders are
freated or prevented in a subject, such as a human or other animal, by administering fo the
subject a therapeutically effective amount of a compound of the disclosure, in such amournits
and for such time as is necessary {0 achisve the desired resull. The term “therapeutically
effective amount” of a compound of the disclosure, as used herein, means a sufficient
amount of the compound 50 as o decrease the symptoms of a disorder in a subject. As is
well understood in the medical arts a therapeutically effective amount of a compound of this
disclosure will be at a reasonable benefit/risk ratio applicable to any medical freatment.

in general, compounds of the disclosure will be administered in therapeutically
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 therapsutically effective amount
may vary widely depending on the severily of the disease, the age and relative health of the
subject, the potency of the compound used and other factors. In general, satisfactory resulis
are indicated o be obtained systemically at daily dosages of from about 0.03 o 2.5 mgikg
per body weight. An indicated daily dosage in the larger mammal, €.g., humans, is in the
range from about 0.5 mg to about 100 mg, conveniently administered, ¢.g., in divided doses
up o four times a day or in retard form. Suifable unit dosage forms for oral administration
comprise from ca. 110 50 mg active ingredient.

in certain embodiments, a therapsutic amount or dose of the compounds of the
present disclosure may range from about ©.1 mg/Kg {o aboud 500 mg/Kg, alternatively from
about 1 10 about 50 mg/Kq. In general, treatment regimens according to the present
disclosure comprise administration {0 a patient in nead of such treatment from about 10 mg
to about 1000 mg of the compound(s} of this disclosure per day in single or mulliple doses.
Therapeutic amounts or doses will also vary depending on route of administration, as well as
the possibility of co-usage with other agents.

Upon improvement of a subjact’s condition, a maintenance dose of a compound,
compaosition 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, to a level at which the improved condition is retained; when the
sympioms have been alleviated to the desired level, treatment should cease. The subject
may, however, require intermittent treatment on 3 long-term basis upon any recurrence of
disease symploms.

it will be understood, however, that the total daily usage of the compounds and
compaositions of the present disclosure will be decided by the atiending physician within the

scope of sound medical judgment. The specific inhibitory dose for any particular patient will
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depend uporn a variety of factors including the disorder being freated and the severity of the
disorder; the activity of the specific compound employad; the specific composition employed;
the age, body weight, general health, sex and diet of the patient; the time of administration,
route of administration, and rate of excretion of the specific compound employed; the
duration of the treatment; drugs used in combinatlion or coincidental with the specific
compound employed; and like factors well known in the medical arts.

The disclosure also provides for a pharmaceutical combination, &.q., a kit, comprising
a) a first agent which is a compound of the disclosure as disclosed herein, in free form orin
pharmaceutically accepiable salt form, and b} at least one co-agent. The kit can comprise
instructions for its administration.

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

Some examples of materials which can serve as pharmaceutically accepiable
carriers include, but are not limited to, ion exchangers; aluming; aluminum stearate,; lecithin;
serum proteins, such as human serum albumin; buffer substances such as phosphates,
ghvcine, sorbic acid, or potassium sorbate; partial glveeride mixiures of saturated vegetable
fatty acids; water; salts or electrolytes, such as proiamine sulfate; disodium hydrogen
phosphate; potassium hydrogen phosphate; sodium chioride; zinc salts; colioidal silica;
magnesium irisilicate; polyviny pyrrolidone; polvacrylates; waxes;
polyethyienepolyoxypropylens-block 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 carboxymethyl cellulose, ethyt celluinse and celluiose acetats; powdered
fragacanth; malt; gelatin; tale; excipients such as cocoa butier and supposiiory waxes; cils
such as peanut oil, cottonsesd off, safftower oil, sesame ofl, olive ¢il, corn off, and soybean
oil; glycols, such a propylene glycol or polyethylene glveol; esters, such as ethyt oleate and
gthvi laurate; agar; buffering agents, such as magnesium hydroxide and aluminum
hydroxide,; alginic acid; pyrogen-free water; isolonic saline; Ringer's solution; ethyl alcohol;
and phosphate buffer selutions. Further, non-toxic compatible lubricants such as sodium
lauryl sulfate and magnesium stearate, 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 salts thereof may be formulated into pharmaceutical
compositions for adminisiration to animals or humans. These pharmaceutical compositions,

which comprise an amount of the protein inhibitor effective to freat or prevent a protein
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Kinase-mediated condition and a pharmaceutically acceptable carrier, are other

embodiments of the present disclosure,

Kiis

In an aspect, provided herein is a kit comprising a compound capable of inhibiting
kinase aclivily sslected from one or more compounds of disciosed herein, or
pharmaceutically acceptabie salts thereof, and instructions for use in treating cancer. In
certain embodiments, the kit further comprises components for performing a test io
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
acceptable salt thereof.

in another aspect, the disclosure provides a kit comprising a compound capable of
inhibiting kinase activity selected from one or more compounds of disclosed herein, or
pharmaceutically acceptable 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 componenis for performing a fest io
determine whether a subject has activating and/or drug resistance mutations in EGFR. In
some embodiments, the second active agent that prevenis EGFR dimer formation is an
antibody. In further embodiments, the second active agent that prevents EGFR dimer
formation is celwdimab, trastuzumab, or panitumumab. In further embodiments, the second
active agent that prevents EGFR dimer formation is cetuximab.

In another aspedt, the disclosure provides a kit comprising a compound capable of
inhibiting EGFR activity selected from a compound of disclosed herein, or a
pharmaceutically accepiabie salt thereof and a second active agent, wherein said sscond
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 compstitive
EGFR inhibitor. In another embodiment, the ATP competitive EGFR inhibitor is osimertinib,
gefitinib or erlotinib. In another embodiment, the ATP competitive EGFR inhibitor is
osimertinib.

The disclosure is further llustrated by the following examples and synthesis
schemes, which are not {o be construed as limiting this disclosure in scope or spirit o the
specific procedures herein described. it is to be undersiood that the examples are provided

to illustrate cerain embodiments and that no limitation to the scope of the disclosure is
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intended thereby. It is to be further understood that resort may be had to various other
embodiments, modifications, and equivalents thereof which may suggest themselves {0
those skilled in the art without departing from the spirit of the present disclosure and/or

scope of the appended claims.

EXAMPLES
The application is further illustrated by the following examples, which should
not be construed as further limiting. The practice of the present disclosure will
empiloy, unless otherwise indicaled, conventional techniques of organic synthesis,

cell biclogy, cell culture, and molecular biclogy, which are within the skill of the art.

Abbreviations

ACN acetonitrile

dba dibenzylideneacstone

DCM dichloromethane

DIPEA diisopropylethylamine

DrMF dimethylformamide

DMSO dimethylsulfoxide

dppf 1, 1-bis(diphenyiphosphinojferrocene

EtOAC athyl acetate

E{OH sthanol

HATU 1-[dis{dimethylamino)methylene}-1H-1,2 3-triazolo[4, 5-blpyridinium 3-oxide
hexafluorophosphate

LDA fithium dilsopropylamide

MeOH methanol

3Phos 2-dicycliohexyiphosphing-2' 8- dimethoxybiphenyl

TBTU 2-(1H-benzotriazole-1-yi)-1,1,3,3-tetramethylaminium tetrafluoroborate

TEA triethylamine

TFA triflucroacetic acid

THF tetrahydrofuran

XPhos Z-dicyciohexyiphosphine-2',4" &-triilsopropylibiphenyl
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Exampie 1: Preparation of 2-{1H-Benzimidazol-2-4-{3-fluorophenviimetindi-6-[4-{ 1-meathyi-4-

piperidvl) phenvljlisoindolin-1-one (Compound 828)

Scheme 1.
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To a solution of methyt 2-amino-2-(3-flucrophenyhacetate (4.00 g, 21.8 mmol) in

DMF (108 mL) was added DIPEA (10.8 mL, 81.0 mmol). The reaction mixture was stirred at

room temperature for 5 min before methyl S-bromo-2-(bromomethyiibenzoate (8.71 g, 21.8
10 mimol) was added. The reaction mixiure was heated at 80 °C overnight. Afier cooling o

room temperature, the reaction midure was poured into water and extracted with ethyl

acetate three times. The combined organic extracts were washed with water, brine, dried

over sedium sulfate, fillered and concentrated under reduced pressure. The crude product

was purified by silica gel column chromatography eluting with 0-20% ethyl acetate in hexane
15 o give the fitle compound (4.75 g, 58%). M& mi/z; 378.1 [M+1T7"

Step 2. Methyl 2-{3-fluorophenyl)-2-[8-14-{1-methyi-d-piperidyvi phenvil-1-oxo-isoindolin-2-

dlacetate

20 A midure of methyl 2-(6-bromo-1-oxo-isoindolin-2-yl)-2-(3-flucrophenvhacetate (4.13
g, 10.8 mmol}, t-methyl-4-[4-{4 4 5 5-tetramethyl-1,3,2-dioxaborolan-2-yhphenyllpiperidine

{4.91 g, 16.3 mmob, 1.0 M sodium carbonats solution (21.8 mi, 21.8 mmol) and dioxans

75
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{169 mL) was degassed with nitrogen twice. [1,1
bis{diphenylphosphine)ferroceng]dichioropaliadium(il}, complex with dichloromethane (0.534
g. 0.854 mmol) and XPhos (0.518 g, 1.09 mmol) were added and then the reaction was
degassed with nitrogen once more. The reaction mixture was heated at 100 °C for 2 h. After
cooling to reom temperature, the reaction mixture was poured info water and exiracted with
dichloromethans twice. The combined organic exiracts were washed with brine, dried over
sodium sulfate, filtered and concenirated under reduced pressure. The crude product was
purified by C18 column chromatography eluting with 0-80% ACN/water containing 10 mM

ammonium acetats to give the title compound (4.17 g, 81%). MS m/z: 473.2 [M+17".

Step 3. 2-(3-FluorophenyD-2-18-[4-(1-methvil-4-piperidvhphenvil- 1-oxo-iscindolin-2-vllacstic

acid

A mixture of methyl 2-(6-bromo-1-oxo-isoindolin-2-yl)-2-(3-flucrophenyhacetate {(4.13
g, 10.9 mmol}, 1-methyl-4-[4-(4 4,5 S5-tetramethyl-1,3, 2-dioxaborolan-2-yhphenyljpiperidine
(4.91 g, 16.3 mmob), 1.0 M sodium carbonate solution {21.8 mL, 21.8 mmol) and dioxane
(109 mL) was degassed with nitrogen twice. [1,1
bis{diphenviphosphinoiferrocene]dichioropaliadium(il}, complex with dichlcromethane {(0.534
g, 0.654 mmol) and XPhos (0.518 g, 1.08 mmol) were added and then the reaction was
degassed with nitrogen once more. The reaction mixture was heated af 100 °C for 2 h. After
cooling to room temperature, the reaction mixture was poured into water and extracted with
dichloromsthane twice. The combined organic extracts were washed with brine, dried over
sodium sulfate, filtered and concentrated under reduced pressure. The crude product was
purified by C18 column chromatography eluting with 0-80% ACN/water containing 10 m
ammonium acetate {o give the title compound (4.17 g, 81%). MS m/z: 473.2 [M+17".

Step 4 2-[1H-Benzimidazol-2-vi-(3-flucrephenvbmethvil-8-14-{1-methyi-4-

piperidvDphenviiscindelin-1-ong (828
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To a solution of 2-(3-fluorophenyl)-2-[6-[4-(1-methyl-4-piperidyliphenyi}- 1-oxo-
isoindolin-2-yljacetic acid (0.100 g, 0.218 mmol), 1,2-diaminobenzene (0.053 g, 0.491 mmol}
and HATU (0188 g, 0.438 mmol) in DMF (4.4 mL) was addsd DIPEA (0.180 mL, 0.872
mmol). After stirring at room temperature overnight, the reaction mixture was added sat.
sodium chiloride solution. The resulting solid was collected by filtration and washed with
water o give the amide intermediate which was used in the next reaction without further
purification. MS m/z; 548.3 [M+1]".

To the ahove amide intermediate was added acetic acid (5 mb). After stirring at 80 °C
overnight, the solvent was removed under reduced pressure. The crude product was purified
by C18 column chromatography eluting with 0-100% ACNAvater containing 10 mM
ammonium acetate to give the title compound (18 mg, 17%). "H NMR (400 MHz, DMSQ-d8)
& 8.22-8.28 (m, 1H), 7.88-7.87 {m, 2H), 7.83-7.71 (m, 3H), 7.52-7.83 (m, 2H), 7.44-7.51 (m,
1H), 7.38 (d, 2H), 7.16-7.26 (m, 5H), 6.86 (s, 1H}, 4.92 {4, 1H), 4.31 {d, 1H), 2.89-2.88 (m,
2H), 2.83-2.88 (m, 1H), 2.24 (s, 3H}, 2.01-2.10 {m, 2H}, 1.86-1.81 (m, 4H); MS m/z: 531.3
[M+17".

Compound 025 was prepared by a similar method to Example 1 from 2-(3-
fluorephenyl}-2-[8-[4-{1-methyl-4-piperidyDphenyll- 1-oxo-iscindolin-2-yilacetic acid and

pyridine-2,3-diamine:

No. | Structure/ Name mz H NMR (DMSO-¢6) &
M1}
025 532.3 8.23-8.32 {m, 1Hy, 7.77-7.98 {m,

3H), 7.54-7 68 (m, 3H), 7.34-7 47
{my, 1H), 7.25-7.33 (m, 2H), 7.09-
7.25 {m, 4H}, 6.88 (s, 1H), 4.85 (d,
TH), 4.23 (d, 1H), 2.80-3.24 (m,
2-[{3-FluorophenyD-(3H-imidazo-[4,5- 28y, 2.82-2.70 {m, 1H), 1.91-2.38
blpyridin-2-yhmethyl}-8-{4-(1-methyl-4- {m, 5H), 1.58-1.89 (m, 4H)
piperidybphenyll-isoindolin-t-one

~f
-~}
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Exampie 2: Preparation of 2-{(5-Fluoro-2-hydroxyv-phemnl-( 1H-imidazold, 5-clpyridin-2-

viimethyvil-6-[4-{ {-methvi-d-piperdvlphenvilisoindaiin- 1-ons hvdrochionde (Compound 818)

Scheme 2.

To a solution of 2-bromo-4-flucro-phenot (100 g, 523 mmol) in THF (1 L) was added
sodiurm hydride (23.0 g, 575 mmol, 80% in mineral oil) at 0 °C for 4 h, followed by addition of
methoxymethyl chioride (44.8 mL, 801 mmol). After stirring at room temperature for 10 h, the
reaction mixture was quenched by water and exiracted with ethyl acetate three fimes. The
combined organic extracts were washed with brine, dried over sodium suifate, filtered and
concentrated under reduced pressure. The crude product was purified by silica gel column
chromatography eluting with 1-10% ethyl acetate in petroleum ether o give the title
compound (80 g, 85%). "H NMR (400 MHz, CDCl) 8 7.30 (dd, 1H), 7.12 (dd, 1H), 8.97 (m,
1H), 5.07-5.24 {m, 2H), 3.48-3.62 {m, 3H).
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Sten 2. Ethyl 2-[5-fluoro-2-(methoxymethoxyiphenvil-2-oxo-acetate

To a solution of 2-bromo-4-fluore-1-(methoxymethoxy)benzene (80.0 g, 340 mmol) in
THF (1 L} at -78 °C was added dropwise n-butyliithium (2.5 M in hexane, 142 mL, 357
mimol). After stirring a1 -78 °C for 1 h, the reaction mixiure was cannulated o a pre-cooled {-
78 °C} solution of disthyi oxalats (74.4 g, 510 mmol} in THF (500 mL). Upon complstion of
gddition, the reaction mixiure was allowed to warm o reom temperature. The reaction
mixiure was quenched by water and extractad with ethyl acetale three times. The combined
organic exiracts 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 1o give the title compound
(70 g, 80%;). "H NMR (400 MHz, CDCly) &: 7.57 (dd, 1H), 7.26-7.31 {m, 1H), 7.18-7.23 (m,
1H), 8.15 (s, 2H), 4.37-4 .43 {m, 2H), 3.46-3.50 {m, 3H), 1.35-1.41 (m, 3H).

Step 3. Ethyl-2-[5-flucro-2-{msthoxymethoxviphenyil-2-hydroxyiming-acelate

i el
Bt >
MeO\/O o
PN

To a solution of hydroxylamine hydrochioride (37.9 g, 546 mmol) in ethanc! (500 mL)
was added ethyl 2-[5-fluoro-2-imethoxymethoxy)phenyil-2-oxo-acetate (70.0 g, 273 mmob)
and sodium acetate (44.7 ¢, 132 mmol). After stirring at 80 °C for 2.5 h, the solvent was
removed under reduced pressure and the resulling residue was partitioned between water
and dichloromethane. The aqueous phase was exiracted with additional dichloromethane.
The combined organic extracts were washed with brine, dried over sodium sulfate, filtered
and concentrated under reduced prassure to give the title compound (88 g, 92%). 'H NMR
(400 MHz, CDCl) & 8.76 {br g, 1H), 7.17-7.23 (m, 1H), 7.07-7.14 (m, 2H), 5.10 (s, 2H),
4.31-4.38 {m, 2H), 3.44-3.48 {m, 3H), 1.35-1.40 (m, 3H}.

Step 4. Ethyl Z2-amine-2-[5-flusre-2-{methoxymethoxviphenyvllacetate
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To a solution of Raney Ni {(1.48 g, 25.0 mmol) in EtOH/THF (850 mL, 4/1) was added
sthyi-2-[5-fluoro-2-(methoxymethoxyphenvil-2-hydroxyiminc-acetate (34.0 g, 125 mmol).
The flask was evacuated and backfilled with hydrogen and the reaction midure was allowed
to stir at 70 °C under an atmosphere of hydrogen (50 psi} for 24 h. The reaction mixture was
filtered through a pad of Celite which was washed several times with ethanol. The filirate
was concentrated under reduced pressure and purified by silica gel chromatography sluting
with 33% ethyl acetate in petroleum ether to give the title compound (30.6 g, 48%). "H NMR
{400 MHz, DMSO-ds) 8: 7.23 (dd, 1H), 7.04-7.08 {m, 2H), 5.14-5.18 {m, 2H), 4.66 (s, 1H),
3.82-4.12 {m, 2H), 3.37 (s, 3H), 1.06-1.22 (m, 3H).

Step 5. Ethyl 2-(8-bromo-1-oxo-isoindolin-2-yh-2-[3-flucrg-2-

{methoxymethoxyiphenyilacetate

To a solution of sethyl 2-aming-2-[&-fluore-2-{methoxymethoxy)phenyllacetate (3086 g,
118 mmol} in DMF (300 mlL) was added DIPEA (8.4 mL, 354 mmol). The reaction mixture
was stirred at room temperature for 5 min before methyl 5-bromo-2-(bromomethyl}benzoate
{32.6 g, 106 mmel) was added. The reaction mixture was heated at 100 °C for 10 h. After
cooling to reom temperature, the reaction mixture was poured info water and extracted with
athyl acetate three imes. The combined organic extracts were washed with water, brine,
dried over sodium sulfate, filered and concenirated under reduced pressure. The crude
product was purified by silica gel column chromatography eluting with 33% ethyt acetate in
petroleum sther to give the title compound (35 g, 88%). "H NMR {400 MHz, CDCIl3) 8: 8.00
(d, 1H), 7.63 (dd, 1H), 7.22-7.36 {m, 1H), 7.10-7.19 {m, 1H), 6.94-7.08 (m, 2H), 6.36-6.54
(m, 1H), 5.06-5.21 (m, 2H), 4.72 {d, 1H), 4.13-4.34 (m, 2H), 3.94 (d, 1H), 3.31-3.45 (m, 3H),
1.24-1.28 {m, 3H); MS m/z: 453.8 [M+1]".

Step 8. Eihvi 2-[5-fluore-2-{methoxymethoxy)phenyil-2-18-{4-{ 1-methyi-4-piperidvDphenyil-1-

oxo-isoindelin-2-yllacetate
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A ntixdure of ethyl 2-(8-bromo-1-oxo-iscindolin-2-yi}-2-[5-fluoro-2- (methoxymethoxy)-
phenyliacetate {(5.34 g, 11.8 mmol}, 1-methyl-4-[4-{4 4 5 S-tetramethyl-1,3 2-dioxaborolan-2-
yvi)phenylpiperidine (4.60 g, 15.3 mmol), sodium carbonate (3.12 g, 28.5 mmol) and
dioxane/water (125 ml, 4/1) was degassed under nitrogen twice. [1,1
bis{diphenviphosphino)-ferrocene]dichioropalladium{ll), complex with dichloromethane (1.44
g, 1.77 mmol) was added and then the reaction was degassed under nifrogen once more.
The reaction mixture was heated at 100 °C for 2 h. After cooling to room temperature, the
reaction mixture was poured into water and extracied with ethyl acetale three times. The
combined organic exiracts were washed with brine, dried over sodium sulfate, fillered and
concentrated under reduced pressure. The crude product was purified by silica gel column
chromatography seluting with 0-15% methanol in dichloromethane to give the title compound
(4.91 g, 76%). M& m/z; 547.3 [M+1]".

Step 7. 2-I5-Fluoro-2-{methoxymethoxyichenyil-2-[8-14-(1-methyi-4-piperidyliphenvil- 1-oxo-

isoindelin-2-vilacetic acid

To a solution of ethyl 2-[5-fluoro-2-{methoxymethoxy) phenyl}-2-[6-[4-(1-methyi-4-
piperidyhphenyil-1-oxo-isoindolin-2-yilacetats (4.81 g, 8.98 mmol) in THF/MeOHwater (80
mb, 1/1/1) was added lithium hydroxide monchydrate (1.50 g, 35.8 mmaol). After stirring at
room temperature for 2 h, the solvent was removed under reduced pressure and the
rasulting residue was neutralized with conc. HCI. The crude product was purified by C18
column chromatography sluting with 0-45% ACN/water containing 8.1% formic acid {o give
the title compound (4.01 g, 86%). MS mvz: 518.3 [M+1}".

Sten 8 2-[I5-Fluore-2-(methoxymethoxyiphenyi-{1H-imidazof4 5-¢lpyridin-2-viimethyhi-6-14-

{1-methvl-4d-piperdyhiphenvliiscindolin-1-one

To a solution of 2-[5-flucro-Z-{methoxymethoxy)phenyl]-2-[8-[4-(1-methyl-4-piperidyl}-
phenyll-1-oxo-isoindolin-2-vilacetic acid {0.200 g, 0.385 mmyol), 3 4-diaminopyridine (0.084
g, 0.770 mmaol) and HATU (0.219 g, 0.577 mmol) in DMF (4 mL) was added DIPEA (0.265
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mib, 1.53 mmol). After stirring at room temperature for 2 h, the reaction mixiure was diluted
with ethyl acelate and washed twice with sat. sodium bicarbonate solution and brine. The
organic layer was dried over sodium sulfate, filtered and concentrated under reduced
pressure. The crude product was purified by C18 column chromatography eluting with 0-
80% ACN/water containing 0.1% formic acid to give the amide intermediate {172 mg, 73%)
as a white solid. MS nvz: 610.3 [M+1]".

To the above amide intermediate (0.172 g, 0.282 mmol) was added acetic acid (3.66
mil). After stirring 30 min at 80 °C, the solvent was removed under reduced pressure. The
crude product was purified by C18 column chromategraphy eluting with 0-40% ACN/water
containing 0.1% formic acid. The product fractions were pooled and concentrated under
reduced praessure to remove the organic solvent. The remaining agueous solution was
basified with sat. sodium bicarbonate solution and extracted twice with ethyl acetate. The
combined organic extracts were washed with brine, dried over sodium suifate, filtered and
concentrated under reduced prassure to give the title compound (143 mg, 88%). MS m/z
502 3 M+17"

Step 8. 2-[{5-Fluorg-2-hvdroxy-phenyb-(1H-imidazol4 5-cloyridin-2-yiimethvil-6-[4-(1-mathyi-

4-piperidyhichenvyllisoindolin-1-one: hvdrochicride (Compound 815)

- _— —
ST tavate
B cl

e

To a solution of 2-[i5-fluoro-2-(methoxymethoxy) phenyil-(1H-imidazo[4, 5-clpyridin-2-
yhimethyl-6-[4-(1-methyi-4-piperidybphenvilisoindolin-1-one (0.143 g, 8.241 mmob in
dichloromesthane (5.2 mL) was added HC! in dioxane (4 M, 0.6 mL, 2.40 mmol}. After stirring
1 h al room temperature, the solvent was removed under reduced pressure. Disthyl ether
was added to the residue and the resulting solid was isolated via filtration to give the title
compound {131 mg, 93%). 1H NMR {400 MHz, DMS0O-d8) 8: 10.52 (br 5, 1H), 10.08 (s, 1H},
8.31 (brs, 1H), 8.50 (d, 1H), 8.00 {d, 1H), 7.84-7.88 (m, 2H}, 7.62-7.68 (m, 3H), 7.30 (d, 2H),
7.01-7.09 (m, 2H), 6.91-6.96 (m, 1H), 6.85 (m, 1H), 474 (d, 1H), 4.18 (d, 1H), 3.38-3.50 (m,
2H), 2.92-3.08 {(m, 2H), 2.74-2.85 {m, 1H), 2.65-2.73 {m, 3H), 1.84-2.08 {m, 4H); MS m/z:
548.3 M+17]".

The following compounds were preparad by a similar method 1o Example 2 from

gihyi 2-amino-2-[5-fluocro-2-(methoxymethoxy)phenyllacetate and either methyl 5-bromo-2-
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corresponding boronate and diamine any! starting materials,

No. | Structure / Name miz HNMR (DMSO-ds) 6 Starting
M1l materials
04 LN N N e 5473 10.53 (brs, 1H), 10.29 (br s,
ey \ﬁ}f Q v 1H), 7.94-8.00 (m, 2H), 7.68- ™
HZ g B ol 777 {m, 5H), 748 (s, 2H), \/
‘“ﬁ/\\{\ 7.38 (d, 2H), 7.08-7.22 {m, (\\\,
N 3H), 8.85-7.09 (m, 1H), 4.79 \/)
2-{1H-Benzimidazol-2-yl-(5-fluora- g, 1H), 4.27 (d, 1H), 3.48- Q,émo
2-hydroxy-phenyhmethyi}-6-[4-(1- 3.54 (m, 2H), 3.02-3.15 (m, H\
methyl-4- 2H), 2.84-2.92 (m, 1H), 2.78 b
piperidyhphenyliisoindolin-1- {d, 3H), 1.92-2.15 (m, 4H) andNH
one;hydrochioride “’\/‘\\" :
NN,
020 TN NN N | 5883 10.27 {brs, 1H), 8.96 (br s, I
Q:‘“ /,g <\\‘J§ == 4 1H), 7.83-7 .88 (m, 2H), 7.61- Q\P
H'O % HeCl 7.88 (m, 3H), 7.26-7.33 (m,
‘E \s 3k, 7.11-7.19 (m, 1H), 6.94- Xy,
~FE 7.08 (m, 3H}, 6.88 {m, 1H), bﬁ
2-{(7-Fluoro-1H-benzimidazok-2-yi)- 8.75-6.82 (m, 1H), 472 (d, &
(&-fluoro-2-hydroxy-phenyhmethyl}- 1H), 4.13 (d, 1H), 3.38-3.50 TP
&-[4-(1-methyil-4- {m, 2H), 2.93-3.07 (m, 2H),
piperidyhphenyllisoindolin-1- 2.68-2.84 {m, 4H), 1.84-2.08 and
one;hydrochioride {m, 4H) ‘YNH?
| 'f;j\NH
o017 | N s | BB5.3 10.42 (brs, 1H), 10.28 (br s, !
Q:H pﬁ %"%QJ\Q 1H), 8.04 (s, 1H), 8.00 {, 'N“ll
H’\é ’ K e 1H), 7.60-7.77 (m, 5H), 7.35- L/
\E \l o 7.54 {m, 3H), 7.08-7.22 (m, F\f;'\h
S 3H), 6.97-7.06 (m, 1H), 4.80 \\/ﬂ
2-[1H-Benzimidazolk-2-yl-(5-fluoro- d, 1Hy, 4.27 d, 1H), 3.55- &
2-hydroxy-phenylmethyl}-6-[3- 3.59 (m, 2H), 3.04-3.20 (m, o e
fluoro-4-(1-methyl-4- 3H), 2.89-2.84 (m, 3H), 1.93- )[]K
piperidyhphenyljisoindolin-1- 2.18 (m, 4H) and
one;hydrochioride ,\\\I/N;—i2
l\-f”i\NH.
16 == == 5y . 5853 11.10 (brs, 1H), 1028 (br s, |
Q‘f” &”;Q\{T}AD“" 1H), 7.96-8.05 (m, 2H), 7.82- r N\;
N X _ 7.88 (m, 2H), 7.84-7.80 (m, -
HO e} H--Gl F
\C\} 3Hy, 7.51-7.58 (m, 2H), 7.43- Ay
' A 7.50 (m, 2}, 7.09-7.23 (m, %f,
2-[1H-Benzimidazol-2-yh-(5-fluoro- 3H), ©.99-7.05 (m, 1H}, 4.80
2-hydroxy-pheny)methyl}-6-[4-(4- (g, 1H), 4.28 (d, 1H), 3.10- 9
fluoro-1-methyl-4- 3.28 {m, 4H), 2.81-2.90 (m, 4“}\
piperidyhphenyllisoindolin-1- 3H), 2.54-2.73 (m, 2H), 2.21- and

one;hydrochioride

2.30 {m, 2H)
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019 5493 10.10 (brs, 1H), 10.03 {(br s,
&f“‘ f}r}”h 1H), B.40 (s, 2H), 7.91-7.97
{m, 2H), 7.88-7.76 (m, 3H),
7.37 {d, 2H), 7.07-7.15 {m,
\L«;’ F 1H), 7.05 (s, 1H), 6.93-6.99
2-{{5-Fluora-2-hydroxy-phenyly- {m, 1H), B.87-6.92 (m, 1H),
{(1H-imidazof4,5-bipyrazin-2- 4.84 (d, 1H), 4.1 (d, 1H),
yhmethyl]-8-14-(1-methyl-4- 3.50-3.54 (m, 2H), 3.04-3.15
piperidyhphenyllisoindolin-1- {m, 2H), 2.77-2.93 (m, 4H),
one;hydrochioride 1.82-2.11 {m, 4H)
018 > VR - 549.3 10.37 {brs, 1H), 10.00 {brs,
&_{ B w 1H), 2.06 {s, 1H), 8.90 (s,
?)\r e 1H3, 7.81-7.80 {m, 2H), 7.80-
\E l 7.88 (m, 3H), 7.29 {d, 2H),
7.01-7.09 {m, 1H), 6.98 (s,
2-{(8-Fiuoro-2-hydroxy-phenyi)- 1H), 8.80 {m, 1H), 8.76-6.82
(8H-purin-8-yhimethyl}-6-[4-(1- {(m, 1H), 4.73 (d, 1H), 4.12
methyi-4- {d, 1H), 3.38-3.48 (m, 2H),
piperidyliphenyllisoindolin-1- 2.85-3.08 (m, 2H), 267-2.83
one;hydrochioride {m, 4H), 1.84-2.07 (m, 4H)
a2t | N Tyl Nl N | 5342 [ 1043 (brs, 1H), 8.35 (brs,
O {Q @ - 2H), 7.92-7.96 (m, 2H), 7.66-
_; ﬁ/l‘@ MGl 7.78 {m, 5H), 7.51-7.59 (m,
b 2H), 7.04-7.23 (m, 6H), 4.77
SF g (d, 1+, 4.29 d, 1H), 3.42-
2-{1H-Benzimidazol-2-y-(5-fluoro- 3.52 (m, 4H), 3.15-3.28 (m,
2-hydroxy-phenylimethyi}-6-(4- 4H)
piperazin-1-yiphenyhisoindolin-1-
one;hydrochioride
314 \/ N - \// \// o | 5483 | 10.82 (brs, 1H), 10.06 (brs,
L y R 1H), 8.41 {d, 1H), 8.15 (d.
o HeC 1H), 7.84-7.89 (m, 2H), 7.61-
= 7.68 {m, 3H), 7.33-7.45 (m,
T

2-[{5~-Fluoro-2-hydroxy-phenyl)-
(3H-imidazol4 5-blpyridin-2-
yhimethyl}-6-{4-(1-methyl-4-
piperidyhphenyllisoindolin-1-
one;hydrochioride

1H), 7.29 (d, 2H), 6.97-7.08
(m, 2H), 6.79-8.97 (m, 2H),
4.74 (0, 1H), 4.13 (d, 1H),
3.37-3.45 (m, 2H), 2.94-3.07
(m, 2H), 2.64-2.83 (m, 4H),
1.84-2.08 (m, 4H)
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8-[1H-Benzimidazol-2-y-(5-fluoro-
Z-hydroxy-phenyhmethyl}3-[4-(1-

methyl-4-piperidyphenyil-7H-
pyrroio]3 4-blpyridin-5-one

548.3

9.08 (d, 1H), 8.33 {d, 1H),
7.71-7.81 {m, 2H), 7.49-7.80
(m, 2H), 7.36-7 45 (m, 2H),
7.15-7.23 (m, 2H), 7.04-7.11
(m, 2H), 6.80-6.95 (m, 2H),
4.85 (d, 1F), 4.21 {d, 1H),
3.41-3.19 (m, 1H), 2.85-2.92
(m, 2H), 2.21 (s, 3+), 1.96-
2.05 (m, 2H), 1.64-1.79 (m,
4H)

The foliowing compounds were prepared by a similar method to Example 2 from

sthyi Z-aminge-2-{&-fluore-2-{methoxymethoxyphenyhacetate and either methyt 5-bromo-2-

(bromo-methyl)-benzosate or methyl &-(bromomethyl)-3-chloro-2-fluorcbenzoate, and the

corresponding boronate and diamino aryl starting materials:

No. | Structure / Name mz H NMR (DMSO-de) & Starting
M+17° materials
079 | /N . _ON NN 15594 1063 {brs, 1H), 10.37 {brs,
Qﬁ F{}J (O~ $HY, 7.62-8.08 (m, 2H), 7.67- /Nj
H’(‘; Y ) 7.75 (m, 5M) 7 44-7.64 (m, X
\E \l e 4k, 7.10-7.25 (m, 3H}, 6.98- i\ﬂ
~FNE 7.07 (m, 1H), 4.78 (d. 1H), Ny
2-{1H-benzimidazoi-2-yi-(5-fluoro- 4.27 {d, 1H), 3.22-3.31 {m, NN
2-hydroxy-phenylmethyl}-8-[4-(3- 1H), 2.97-3.07 (m, 1H), el
methyl-3-azabicyclofd 1 .Olheptan- 2.81-2.84 (m, 1H), 2.77-2.80 a
8-yhphenyllisoindolin-1- {m, 1H), 2.68 (d, 3H), 2.55- a“dNH
one:dihydrochioride 2.81 (m, 1H), 2.26-2.35 (m, ﬁ\w :
1H) 1.43-1.59 (m, 1H), 1.07- NN,
1.27 (m, 2H)
080 F 583.5 | 'H NMR (methanol-ds) & }
QLNH ] /\\/ 4 ‘> /\)\_ ?’.73—7.88 (m, 3H), 7.60-7 .67 )
WA N (m, 24D, 7.37-7.55 (m, 4H),
wo L B s 7.28-7.31 (m, 1H), 7.18-7.25
' (m, 1H), 7.13-7.17 (m, 1H),
~F 7.00-7.06 {m, 1H), 4.81-4.87 LN
2-[1H-benzimidazol-2-yi-(8-fluoro- {m, 2H), 4.46 (d, 1H), 3.61- Py
2-hydroxy-phenylimethyil-7-flucro- 3.72 {m, 2H), 3.20-3.29 (m, P
8-13-fluoro-4-(1-methyl-4- M), 2.86 {3, 3H), 2.12-2.24 andMH
piparidybphenyljisoindolin-1- {m, 4H) l\i/' z
ong;dihydrochloride £ NN,
081 F 801.1 | 10.64 (brs, 1H), 1020 (br s, )
@NH - {:‘/ 7N e 1H), 7.73-7.84 (m, 1H), 7.52 >
F%\’Ng w\}—i‘&ﬂ (d, 1H), 7.36-7.47 (m, 4H), _
vo. L & 7.24-7.32 {m, 1H), 7.09-7.18 &
TE zHC (m, 2H), B.97-7.04 (m, 2H), X
~F 6.88-6.86 (m, 1H), 4.80 (4, LN
7-fivoro-2-{{4-fluore-1H- 1H), 4.20 (d, 1H), 3.40-3.51 g
benzimidazol-2-yh-(5-fluore-2- {m, 2H), 3.08-3.19 (m, 3H), ! d\
an
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hydroxy-phenyimethyi-6-[3-fluoro- 2.78 (d, 3H), 2.03-2.20 (m, U/N,NHQ
47(1~::‘nethy!~4— o _ 2H), 1.88-2.02 (m, 2H) ,»\NHE
piperidyhohenyllisoindolin-1- \?/
one;dihydrochloride

Example 3: Preparglion of 2-{(R}-1H-Benzimidaz ol-2-i-(&-fluoro-2-bvdroxy-phenviimetfidl-

S-{4-( 1-methvi-d-pipericdvil phenviliscindolin- 1-one and 2-I( Si-1H-benzimidazol-2-vi-(5-fluoro-

2-hvdroxv-ghenvilmethyill-6-f4-{ 1-methyi-4-piperidvliphenvilisoindolin-1-one
{Compounds 822 and 823)

=S Ve = P == - =N TN -
Y e Yatal s oy SO
NN

HD E: G HG

9 ©

F

[y

2-[1H-Benzimidazol-2-vl-(8-fluoro-Z-hydroxy-phanylmethyl]-6-{4-(1-methyl-4-
piperidyl)-phenyllisoindolin-1-one; hydrochloride (0.600 g, 1.02 mmol} was partitioned
between sal. sodium bicarbonate solution and ethyl acetate. The aqueous phase was
extracted with additional ethyi acetale three times. The combined organic exiracts were
washed with brine, dried over sodium sulfate, filterad and concentrated under reduced
pressure. The crude product was purified by prep SFC with Chiralpak 1A column eluting with
45% (0.3% TEA in MeOH) / 55% CO2 at 10 MPa {0 separate enantiomers. Absolute
configuration of the chiral center for each isolated enantiomer is unknown. First eluting peak
(022) (120 mg, 22% yield, 94:6 er); [0} -34.2° (¢ = 0.12, MeOH); "H NMR (400 MHz,
methanol-dg & 8.02 (s, 1H), 7.84-7 .80 (m, 1H), 7.52-7.83 {m, 5H), 7.38 (d, 2H), 7.20-7.27
{m, 2H), 7.14 (s, 1H), 8.87-7.05 (m, 1H), 8.86-6.91 (m, 1H), 8.73-8.79 (m, 1H), 4.78 (d, 1H),
428 (d, 1H), 2.98-3.08 (m, 2H), 2.558-2.65 {m, 1H), 2.35 (s, 3H), 2.21 (m, 2H), 1.77-1.84 (m,
4H); MS miz: 547 .2 [M+1]+. Second eluting peak (023) (154 mg, 28% vield, 89:11 er); [a]*%
+28.0° (¢ = 0.1, MeQH), "H NMR (400 MHz, methanol-dy) 5. 8.02 (s, 1H), 7.84-7.89 (m, 1H),
7.52-7.84 (m, 5H), 7.38 (d, 2H), 7.20-7.27 (m, 2H), 7.14 {5, 1H), 8.86-7.08 {(m, 1H), 6.868-8.92
(m, 1H), 8.74-6.78 (m, 1H), 4.76 (d, 1H), 4.27 (d, 1H}, 3.00-3.08 (m, 2H), 2.56-2.88 (m, 1H),
2.36 (s, 3H), 2.23 (m, 2H), 1.78-1.84 (m, 4H); MS m/z; 547 3 [M+1]"
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Exampie 4: Preparagtion of 6-{2-(6-amino-3-pyridvethyndl-2-f1H-benzimidazol-2-yi-(&-fluoro-

2-hvdroxv-phenviimethyvilisoindolin-1-one (Compound 812)

Scheme 3.

To a solution of ethyl 2-(B8-bromo-1-oxo-isoindolin-2-yi}-2-[5-fluore-2-

{methoxymethoxy}-phenyijacetate (22.0 g, 48.6 mmol} in THF/MeOH/water (300 mL., 1/1/1)
10 was added lithium hydroxide monobydrate (8,10 g, 145 mmoi). After stirring at room

temperature for 3 h, the solvent was removed under reduced pressure and the resulting

residue was adjustad to pH 3 by HCH{1 M). The solid was collected by filiration and washed

with water to give the title compound (18.2 g, 88%). 'H NMR (400 MHz, CDCL) 5 8.20 (br s,

1HY, 7.90 {d, 1H), 7.56 (dd, 1H), 7.19 (s, 1H), 8.94-7 15 (m, 3H), 8.35 (s, 1H), 5.03-5.10 (m,
15 2H), 4683 (d, 1H), 3.88 (d, 1H), 3.27-3.38 (m, 3H).

Step 2. 2-[1H-Benzimidarol-2-yi-[5-flugra-2-{methoxymethoxy) phenviimethyll-8-bromo-

isoindolin-1-one
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To a solution of 2-(8-bromo-1-oxo-isoindolin-2-yi}-2-[5-flucro- 2-(methoxymethoxy)-
phenvljacetic acid (18.2 g, 42.9 mmol), 1,2-diamincbenzene (8.27 g, 85.8 mmol) and HATU
(32.6 g, 85.8 mmol) in DMF (200 mL) was added DIPEA (30.2 mL, 42 .4 mmol). After stirring
at room temperature for 10 h, the reaction mixture was diluted with ethyl acetate and washed
twice with sat. sodium bicarbonate solution and brine. The organic layer was dried over
sodium sulfate, fillered and concentrated under reduced prassure. The crude product was
purified by silica gel column chromatography eluting with NH OHMAeOH/DCM (1/5/100) o
give the amide intermediate (15.5 g, 70%) as a veliow solid. 'H NMR (400 MHz, DMSO-dg)
3872 (s, 1H), 7.88(d, 1H), 7.75-7.85 {m, 1H}, 7.81-7.69 {m, 1H}, 7.08-7.23 {m, 4H), 6.8%-
.95 (m, 1H), 8.74 {dd, 1H}, 86.53-8.60 (m, 1H), 8.31 (5, 1H), 5.11-527 {m, 2H), 4.85 {br 5,
2H), 4.62 (d, 1H), 3.24-4.08 (m, 1H), 3.25 (5, 3H).

To the above amide intermediate (15.5 g, 30.1 mmol) was added acetic acid (150
mL}. After stirring 30 min at 80 °C, the sclvent was removed under reduced pressure. The
reaction mixture was neulralized with sat. sodium bicarbonate solution and extracted with
ethyi acetate three times. The combined organic extracts were dried over sodium sulfate,
filtered and concentrated under reduced pressure. The crude product was re-crystallized
from ethyl acstate to give the title compound (12.5 g, 84%). MS m/z: 487.3 [M+11"

Step 3. 6-[2-(8-Amine-3-pyridvhethynvil-2-[1H-benzimidazol-2-vi-[5-fluorg-2-

{methoxymethoxy-phenviimethviliscindolin-1-one

A mixture of 2-[1H-benzimidazol-2-yi-[5-fluoro-2-(methoxymethoxyphenyllmethyl]-6-
bromo-isoindolin-1-one {0.150 g, 0.302 mmol), 5-ethynyipyridin-2-amine {0.071 g, 0.604
mimol}, bis{triphenviphosphine)paliadium{ll) dichloride (0.012 g, 0.017 mmol}, copper(h
iodide (0.009 g, 0.030 mmeol), and TEA/DMF (3 mL, 1/1) was degassed under nitrogen fwics.
The reaction mixiure was heated at 100 °C overnight. After cooling to room temperature, the
reaction mixture was poured into water and extracted with ethyl acetate twice. The combined
grganic exiracts were washed with brine, dried over sodium sulfate, fillered and
concentrated under reduced pressure. The crude product was purified by C18 column
chromatography eluting with 5-100% ACNAvater containing 0.1% formic acid o give the litle
compound {86 g, 41%). MS m/z: 534.2 [M+17]".
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Sten 4. 8-[2-(8-Amino-3-pyridyDethynyil-2-[ 1H-benzimidazol-2-vi-(5-fluoro-2-hydroxy-

phenyhmethylliscindolin-1-one (Compound 812

To a solution of 8-[2-(6-amino-3-pyridyhethynvil-2-[TH-benzimidazol-2-yi-[5-fluore-2-
{methoxymethoxylphenylmethyllisoindolin-1-one {(0.066 ¢, 0.123 mmeol) in dichioromesthane
{2.6 mL) was added HCl in dioxane (4 M, 0.305 mL, 1.22 mmol). After stirring 2 h at room
temperature, the solvent was removed under reduced pressure. The crude product was
purified by reverse phase HPLC sluting with 0-100% ACN/water containing 10 mM
ammonium acetate to give the title compound (8 mg, 10%). 'H NMR (400 MHz, DMSO-ds) 8:
8.18 {5, 1H), 7.88-7.78 (m, 2H), 7.58-7.64 (m, 1H), 7.44-7.56 (m, 3H), 7.11-7.19 (m, 2H),
7.00-7.08 (m, 1H), 8.77-6.97 {m, 3H), 6.43-8.48 (m, 3H), 4.70-4.86 (m, 1H), 4.20-4.36 {m,
1HY, MS mz: 490.2 [M+1]™

The following compounds were prepared by a similar method to Example 4 from 2-
[1H-benzimidazol-2-yl-{5-flusro-2-(methoxymethoxy)phenyllmethyl]-8-bromo-iscindolin-1-one

and the corresponding acetylene starting materials:

No. | Structure / Name mez HNMR (DMSO-t) &
M)
013 5452 11039 (brs, 1H), 7.83-7.89

(m, 1H), 7.67-7.82 (m, 4H),
7.50-7.58 (m, 2H), 7.17-7.26
(m, 2H), 7.13 (s, 1H), 6.00-
7.08 (m, tH), 4.78 (d, 1H),
4.29 (d, 1H), 4.09 (s, 2H),
3.30-3.53 (m, 8H)

2-[1H-benzimidazol-2-yi-(5-fluoro-2-hydroxy-
phenymethyil-6-[3-(1, 1-dioxo-1 4~thiazinan-4-

011 4952 | 7.49-7.64 (m, 5H), 7.14-7.19
(m, 2H), 7.02-7.08 (m, 1H),
8.97 (s, 1H), 6.87-6.92 (m,
1H), 8.75-8.81 (m, 1H), 4.78
(d, tH), 4.20 (d, 1H), 2.58-
2.66 {m, 3H}, 2.16 (s, 3H),

2-{1H-benzimidazol-2-yi-(5-fluoro-2-hydroxy- ?rfzz"i'; 2 (;2;1 f"g)g’ gﬁf“’é;')%

phenyhymethyi}-8-[2-(1-methyl-4-piperidyl)-
ethynyllisoindeolin-1-ong;hydrochloride
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Exampie 5: Prepargtion of 2-{1H-benzimidazol-2-vi-(5-flugro-2-hydroxv-phenviimethil-7-

fluoro-8-14-{ 1-methvi-4-piperidviiphenvifisoindolin- 1-one hvdrochloride (Compound 832}

Scheme 4.

o

P

- = SN

0 NF”QCE Qo
HOJ\/ \vg " Stepb NS {
O R MeO, O ! \j\

‘\F L” F

832

To a solution of 1-chioro-2-flucro-4-methyl-benzene (10.0 g, 69.1 mmol) in THF (100
mil) &t -70 °C was added dropwise LDA (2 M in THF, 38.2 mL, 72.5 mmol). After stirring at -
76 °C for 0.5 h, CO2 (2.10 g) was added 1o the reaction mixiure and stirred at the same
temperature for 1 h. After warming o room temperature, the solvent was removed under
reduced pressure. Water was added fo the residue and the mbdure was washed with ethyl
acstate twice. The aquecus phase was adjusied to pH 1 by HCH {1 M) and extracted with
athyl acetate three times. The combined organic extracis were washed with brine, dried over
sodium sulfate, filtered and concentrated under reduced pressure {o give the title compound
(3.5 g, 27%). 1H NMR (400 MHz, DMSC-d8) 8: 13.38 (br s, 1H), 7.51-7.58 (m, 1H), 7.16 (4,
1H), 2.33 (s, 3H).

Step 2 Methyl 3-chloro-2-flucre-8-methyil-benzoate

MQQAQ
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To a solution of 3-chioro-2-flucro-G-methyl-benzoic acd (3.50 g, 18.5 mmoi) in
dichloromethane (50 mi) was added oxalyl chloride (4.69 g, 37.0 mmol) at 0 °C. After
stirring af the same temperature for 0.5 h, the solvent was removed under reduced pressure.
The residue was dissalved in methanol (20 mlL) and was added triethylamine (7.47 g, 74.0
mmol}. After stirring at room temperature for 1 h, the solvent was removad under reduced
pressure and the crude product was purified by silica gel column chromatography eluting
with 3% ethyl acetate in petroleum ether to give the title compound (1.9 g, 51%). "H NMR
{400 MHz, DMSO-ds) 8: 7.60-7.88 (m, 1H), 7.20 (d, 1H), 3.90 (s, 3H}, 2.32 (s, 3H).

Step 3: Methvi 8-(bromomethyD-3-chioro-2-fluoro-benzoeate

To a solution of methyt 3-chioro-2-Huore-6-methyl-benzoate {1.90 g, 8.37 mmol) in
carbon tetrachioride (20 mbL) was added N-bromosuccinimide (1.66 g, 8.37 mmol) and
benzoyl peroxide (0.452 g, 1.87 mmol). After stirring at 80 °C for 12 h, the solvent was
removed under reduced pressure. The cruds product was purified by silica gel column
chromatography sluting with 1% ethyl acetate in petroleum sther {o give the title compound
(0.9 g, 34%). "H NMR (400 MHz, CDChL) §: 7.45-7.82 {m, 1H), 7.19 {(d, 1H), 4.82 (s, 2H),
4.02 {s, 3H}.

Step 4: Eihyi 2-(6-chiore-7-fluore-1-oxo-isoindelin-2-yl)-2-[5-flugre-2-(methoxymethoxy)-
phenyliacetate
e
o )

K
EED/'\I’\
MGO\/O\(( Y

LA

To a solution of ethyl Z-amino-2-[5-flucre-2-{methoxymethoxyiphenyllacetate {(1.06 g,
4.14 mmol) in DMF (15 ml) was added DIPEA (1.23 g, 8.57 mmol). The reaction mixture
was stirred at room temperature for 5 min before methyt 6-(bromomethyl)}-3-chioro-2-fluore-
benzoate (0.900 g, 3.19 mmol} was added. The reaction mixture was heated at 100 °C for 1
h. After cooling to room temperature, the reaction mixturs was poured into waler and
exiracted with ethyl acetate three times. The combined organic extracts were washed with
water, brine, dried over sodium sulfate, filtered and concentrated under reduced prassure.
The crude product was purified by silica gel column chromatography sluting with 33% ethyl

acstate in petroleurn ether to give the title compound (800 mg, 59%) M3 m/z: 4261 [M+11"
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Step 5: 2-(8-Chiorg-7-fluoro-1-oxo-isgindolin-2-yh-2-5-fluoro-2-

{methoxymethoxyiphenvllacetic acid

To a solution of ethyl 2-{6-chioro-7-fluoro-1-oxo-isoindalin-2-y-2-[5-fluoro-2-
(methoxy-methoxyphenyljacetate (0.800 g, 1.87 mmol) in THF/MeOH/water (15 mb, 1/1/1)
was added lithium hydroxide monohydrate (0.314 g, 7.48 mmol). After stirring at room
temperature for 1 h, the solvent was removed undar reduced pressure and the resulting
residus was adjustad to pH 3 by HCH ({1 M). The resulting solid was collected by filtration and
washed with water to give the title compound (750 mg, quant.}. M3 m/z: 388.0 [M+1}".

Step 6 2-[1H-Benzimidazol-2-vi-Ia-fluore-2-{methoxymethoxy phenvlimethyll-6-chiore-7-

flucro-isgindolin-1-one

N
MeOvO\@
N =

To a solution of 2-8-chiore-7-flucro-1-oxo-iscindolin-2-yl}-2-[5-fluoro-2-(mathoxy-
methoxyiphenyllacetic acid (0.750 g, 1.88 mmol), 1,2-diaminobenzens {(0.213 ¢, 1.97 mmol)
and HATU (1.07 g, 2.82 mmol) in DMF {10 mL) was added DIPEA (0.728 g, 5.64 mmol).
After stirring at room temperature overnight, the reaction mixiure was partitioned between
water and sthyl acetate. The aqueocus phase was extracted with additional ethyi acetate
three times. The combined organic exiracts were washed with bring, dried over sodium
sulfate, filtered and concentrated under reduced pressure o give the amide intermediate
{800 mg, 87%) which was used in the next reaction without further purification. M3 m/z.
488.3 [M+1]".

To the above amide intermediate was added acetic acid (15 mL). Afler stirring at 80
°C for 0.5 h, the solvent was removed under reduced pressure. The reaction mixiure was
neutralized with sat. scdium bicarbonate solution and extracted with ethyl acetate three
fimes. The combined organic extracts were dried over sodium sulfate, fillered and
concentrated under reduced pressure. The crude product was re-crystailized from ethyl
acetaie to give the title compound (550 mg, 72%). MS m/z: 470.0 [M+1]".
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Step 7 2-[1H-Benzimidazol-2-vi-[5-flugro-2-(methoxymethoxy) phenviimethyll-7-fluoro-8-[4-

{1-methyl-4-piperidyiphenylliscindolin-1-one

A mixture of 2-[1H-benzimidazel-2-y-[o-flucre-2-(methoxymethoxy)phenyiimethyl]-6-
chioro-7-fluore-isoindolin-1-one {0.550 g, 1.17 mmol), 1-methyl-4-{4-(4,4,5,5-tetramethyl-
1,3, 2-dioxaborolan-Z-yl)phenyljpiperidine (0.385 g, 1.28 mmol), sodium carbonate (0.487 g,
3.51 mmol), SPhos {(0.182 g, 0.488 mmol), Pd2(dba)3 (0.321 g, 0.351 mmol) and dioxane
{10 mi) was degassed with nitrogen twice. The reaction mixture was heated at 105 °C for 4
h. Affer cocling {o room femperature, the solvent was removed under reduced pressure. The
crude product was purified by silica gel column chromatography eluting with 10% methanol

in dichloromsthane o give the iitle compound (120 mg, 17%). MS mv/z: 808.3 [M+17".

Step 8: 2-[1H-Benzimidazol-2-vi-(5-fluorg-2-hvdroxy-phenvhmethyll-7-flucro-8-i4-(1-methyi-

4-piperidvhphenvilisoindolin-1-ong: hvdrochioride (Compound 832

To a solution of 2-[1H-benzimidazol-2-yl-[5-fluoro-2-(methoxymethoxy)phenviimethyll-7-
fluore-6-[4-(1-methyl-4-piperidyl)phenyllisoindolin-1-one {0.120 g, 0.197 mmol) in
dichloromethane (5 mb} was added HCl in dioxane (4 M, 0.985 mi., 3.94 mmol). After stirring
1 h at room temperature, the solvent was removed under reduced pressure. Diethyl ether
was added {o the residue and the resulting solid was isolated via filtration 1o give the tille
compound {112 mg, 94%). 1H NMR (400 MHz, DMSO0-d6) §: 10.51 (br s, 1H), 10.29 (br s,
1H), 7.74-7.82 {m, 1H), 7.65-7.73 {m, 2H), 7.48-7.59 {m, 3H)}, 7.35-7.48 (m, 4H}, 6.97-7.22
(m, 4H), 4.80 (d, 1H)}, 4.25 {d, 1H), 3.48-3.51 (m, 2H}, 3.03-3.13 (m, 2H), 2.85-2.93 (m, 1H),
2.73-2.81 {m, 3H), 1.91-2.15 (m, 4H); MS m/z: 585.3 [M+17.
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Exampie 8: Preparation of 2-{1H-benzirpidazol-2-vi-(5-flugro-2-methoxy-pheny methyvli-7-

fluoro-6-4-{ 1-methvi-4-piperidviiphenvilindazole (038) and 2-{1H-benzimidazol-2-vi-{ 7-fluoro-

8-{4-{ {-methyl-d-piperioyvi) phenvilindazol-2-viimethyi]-4-fluoro~-phenol hvdrochioride (034)

Scheme 5.

HOC
MeQ

~

1

.........

g

To a solution of 2-{5-fluoro-2-methoxy-phenyhacetic acid (8.900 g, 4.88 mmol) in
methancl (20 mL) was added sulfuric acid (0.883 mL, 18.5 mmol). After stirring at 70 °C for 2
h, the solvent was removed under reduced pressure and the resulting residue was diluted
with ethyl acetate and washed with sat. sodium bicarbonate thres times, dried over sodium
sulfate, fillered and concentrated under reduced pressure to give the title compound (800
mg, 93%). 'H NMR (400 MHz, CDCly) & 7.01-6.90 (m, 2H), 6.85-6.77 (m, 1H), 3.81 (s, 3H),
3.72 (s, 3H}, 3.68-3.81 (m, 2H).
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Sten 2. Methyl 2-bromeoe-2-(5-fluoro-2-methoxy-phenyliacetate

To a solution of methyt 2-(5-fluore-2-meathoxy-phenybacetate (0.600 g, 5.44 mmoi} in
carbon tetrachloride {20 mb) was added N-bromosuccinimide (0.968 g, 5.44 mmeol} and
henzoy! peroxide (0.108 g, 0.454 mmol). After stirring at 80 °C for 18 h, the solvent was
removed under reduced pressure. The crude compound was purified by silica gel column
chromatography eluling with 12% ethyl acetate in pelroleum sther 10 give the tille compound
(1.2 g, 96%). 'H NMR (400 MHz, CDCl) §: 7.42 (dd, 1H), 6.98-7.07 {m, 1H), 6.83 (dd, 1H),
5.90-5.80 (m, 1H), 3.87 (s, 3H), 3.82 (s, 3H).

Step 3. Z2-(8-Bromo-7-flucre-indazoel-2-vi)-2-(5-fluoro-2-methoxy-phenyhacetic acid

=y

P

To a solution of methyt 2-bromo-2-{5-fluoro-2-methoxy-phenyhacetate (0.579 g, 2.09
mmol} and 8-bromo-7-fluoro-1H-indazole (0.450 g, 2.08 mmol) in acetonitrile (15 mL) was
added cesium carbonate (C.814 g, 2.50 mmol). After stirring at G °C for 20 min and then
room temperature for 1 h, the reaction mixture was partitioned between water and sthyl
acetate. The agueous phase was exiracted with additional ethyl acetate three times. The
combined organic extracts were washed with brine, dried over sodium sulfate, filtered and
concentrated under reduced pressure o give the esier intermediate. MS mvz: 412.9 [M+ 11

To a solution of the above intermediate in THF/MeOH/water (18 miL, 1/1/1) was
added lithium hydroxide monohydrate (0,336 g, 8.01 mmol). After stirring at room
temperature for 1 h, the solvent was removed under reduced prassure and the resulting
residue was pariitioned between water and sthyl acetate. The agueous phase was adjusted
to pH 3 with 5% citric acid and extracied with ethyl acetats three times. The combined
organic extracts were dried over sodium sulfate, filtered and concentrated under reduced
pressure. The crude product was purified by silica gel column chromatography eluting with
35% ethyi acetate in petroleum ether o give the title compound (280 myg, 26%). 1H NMR
{400 MHz, DMSO-d8) &: 8.57 (d, 1H}, 7.53 (d, 1H), 7.38-7.11 {m, 4H}, 8.82 (5, 1H), 3.82 (s,
3H). MS mvz 398.8 [M+1]%
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Sten 4. 2-[1H-Benzimidazol-2-vi-(5-fluoro-2-methoxy-phenvhmethyil-8-bromo-7-flucro-

indazole

To a solution of 2-(8-bromo-7-fluoro-indazol-2-yl)-2-(5-fluoro-2-methoxy-phenylacetic
acid (0.280 g, 0.704 mmol), 1,2-diamincbenzene (0.091 g, 0.844 mmol) and TBTU {0.270 g,
0.844 rmmob) in DMF (10 mL) was added DIPEA (€.081 g, 0.704 mmol}. After stirring at room
temperature for 16 h, the reaction mixiure was partitioned between sat. sodium chloride and
ethyi acetate. The aqueous phase was exiracted with ethyl acetate three times, and the
combined organic exiracts were dried over sodium sulfate, filtered and concenirated under
reduced pressure. The crude product was purified by silica gel column chromatography
eluting with 35% ethyl acetate in petroleum ether to give the amide intermediate. MS m/z
488.8 [M+1].

To the above amide intermediate was added acetic acid (15 mL). Afer stirring at 80
°C for 30 min, the solvent was removed under reduced pressure. The reaction mixture was
diluted with ethyl acetate and washed three times with sal. sodium bicarbonate. The organic
layer was dried over sodium sulfate, filtered and concentrated under reduced pressure to
give the title compound (330 mg, 87%). 1H NMR (400 MHz, CDCI3) 8. 10.75 {br s, 1H), 8.20
(d, 1M}, 7.67 {5, 1H), 7.58 (s, 1H), 7.48-7.36 {m, 1H), 7.28-7.20 {m, 2H), 7.07 {dd, 1H}, 7.00
(dd, 1H), 5.90-6.99 {m, 1H), 6.75 (dd, 1H), 8.64 (s, 1H), 3.60 (5, 3H); MS m/z: 470.8 [M+17]".

Step 5. Z-[1H-Benzimidazol-2-vi-{5-fluore-2-methoxy-phenvhmethyll-7-fluore-8-[14-{1-methyl-

4-piperidvhphenvilindazole (Compound 835)

A mibdure of 2-[1H-benzimidazol-2-vl-(5-flucro-Z-methoxy-phanyhmethyl}-6-bromo-7-
fluore~-indazole (0.200 g, 0.428 mmol), 1-methyl-4-[4-(4 4 5 S-tetramethyl-1,3,2-dioxaborolan-
2-yiphenylpiperidine {0.140 g, 0.468 mmol), sodium carbonate (0.148 g, 1.08 mmol), 1,1
bis-{diphenyiphosphino)ferrocenegldichioropailadium(l), complex with dichloromethane
{0.047 g, 0.084 mmol) and dioxane/water (8 mL, 4/1) was degassed with nitrogen twice. The

reaction mixture was heated at 100 °C for 20 h. After cooling to room temperature, the
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reaction mixture was poured into water and extracted with ethyl acetate three times. The
combined organic exiracts were washed with brine, dried over sodium sulfate, fillered and
concentrated under reduced pressure. The crude product was purified by silica gel column
chromatography sluting with 8% methano! in dichloromethane o give the title compound
(150 mg, B2%). 1H NMR (400 MHz, DMSC-dB) & 12.87 (s, 1H), 8.58 (d, 1H), 7.80-7.85 (m,
3H), 7.49-7 57 {m, 3H), 787 {d, 2H), 7.14-7.33 (m, 5H), 6.98 (m, 1H), 3.80 (s, 3H), 2.89-3.14
{m, 2H), 2.56-2.65 (m, 1H), 2.19-2.42 {m, 5H), 1.68-1.91 (m, 4H); MS m/z: 5643 [M+1]"

Step 6. 2-[1H-Benzimidazol-2-vi-f 7-flugro-8-{4-{ 1-methvi-4-piperidviphenyllindazol-2-

wiimethvil-d-fluorg-phenclhydrochloride (Compound 834}

To a solution of 2-[1H-benzimidazol-2-yi-(5-flucro-2-methoxy-phenylimethyl]-7-fluoro-
&-[4-{ 1-methyl-4-piperidyh phenyllindazole (0.150 g, 0.268 mmol) in dichloromethane (8 mL}
at
0 °C was added boron tribromide {0.666 g, 2.68 mmol). After stirring at the room
temperature for 2 h, the reaction mixture was diluted with dichloromethane and poured into
ice-water. The aqueous phase was extracted with dichioromethane three times. The
combined organic exdracts were washed with brine, dried over sodium suifate, filtered and
concentrated under reduced prassure. The crude product was purified by reverse phase
HPLC eluting with 0-100% ACN/water (0.05% HCI modifier) {o give the fitle compound (25
mg, 30%;). 'H NMR (400 MHz, DMS0-ds) 8. 10.10-10.47 (m, 2H), 8.85 (d, 1H), 7.51-7.72 (m,
BH), 7.28-7.42 (m, 4H), 7.11-7.23 {m, 2H), 6.92 (m, 1H), 6.90 {m, 1H), 3.48-3.57 (m, 2H),
3.00-3.14 (m, 2H), 2.78-2.93 (m, 4H), 1.92-2.10 (m, 4H}; MS my/z: 550.3 [M+1}

The following examples were prepared by a similar method to Example 6 from methyl 2-
bromo-2-(5-fluoro-2-methoxyphenyiacetate or methyl 2-bromo-2-phenylacetate and the

corresponding bicyclic starting materials:

No. | Structure / Name iz H NMR (DMSGC-ds) & Starting
M1l materials
063 558.5 12.79 {(brs, 1H), 10.02 (brs, Yy
~MH \/\ . i
N4 2[\ K 1H), 8.44 (d, 1H), 8.01-8.00 HNW;*'/\;LB,-
- O (m, 14, 7.75 (d, 1M}, 7.85- e
7.71 {m, 3H), 7.41-7.862 (m,
s 2Hy, 7.37 {d, 2H), 7.42-7.30
2-[1H- benzimidayiﬁi 2-yl-(&-fluoro- (m, 3H), 7.03-7.11 (m, 1H),
2-hydroxy-phenylmethyl}-7-[4-(1- 6.82-6.93 (m, 1H), 8.63-6.71

D
4
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methyi-4-
piperidyhphenyllisoguinolin-1-one

(m, 261), 2.91 (d, 2FD, 2.53-
2.58 {m, 1H), 2.23 (s, 3H),
1.98-2.12 (m, 2H), 1.65-1.81
(m, 4H)

082 Q\NH - \ "“\\f_{ 581.2 :aﬁéi{ﬁﬁrj;, TH).’ 10.35 (brs," vl : |
N,,,L\/h Y, 7.87-7.78 (m, 2H}, 7.42 B
o LB 7.58 {m, 4H), 7.28-7.40 (m,

1 o ZHC 4H), 7.07-7.28 (m, 3H), 6.98-

~E 7.04 {m, 1H), 4.70 {d, 1H),
2-[1H-benzimidazol-2-yi-(5-fluoro- 4.47 (d, 1H), 3.50 {d, 2H),
2-hydroxy-phenylimethyl}-7- 3.00-3.17 {m, 2H), 2.84-2.92
methyh-8-[4-(1-methyl-4- {m, 1H), 2.77 (d, 3H), 2.57
piperidyhphenylliscindolin-1- (s, 3H), 1.91-2.18 (m, 4H)
one dihydrochloride

064 Q" 543.1 10.81 {brs, 1H), 7.80-7.87 AN

i/ﬁ {m, 3H), 7.860-7.72 {m, 4H), HN, A

Q\.NH K’\E{%{ﬁ\“f 7.45-7.52 (m, 6H), 7.33-7.44 ¥ \I
N%\L,N\ﬂ/\;//) {m, 4H), 8.78 (d, 1H), 3.48

A @ F - {d, 2H), 3.01-3.13 (m, 2H},

L 2+l 2.82-2.80 (m, 1H), 2.76 (d,
5-1H-benzimidazol-2- 3H), 1.85-2.14 (m, 4H)
yi{phenyymethyi-8-fluoro-8-[4-(1-
methyl-4-piperidyhphenyi}-
isoquinolin-1- Onedihydrochimide

068 559.8 10.54 (brs, 1H), 10.33 (br s, £ H/\J,»B“
1H), 8.28 (d, tH), 8.01 (d, HN R o
1H), 7.82-7 .89 (m, 1H), 7.80 g
{d, 2H), 7.58-7.70 (m, 3H},
7.35-7.48 {m, 4H), 7.33 (d,
1H), 7.12-7.28 (m, 1H}, 6.89-

o 7.05 {m, 2H), 8.79 (d, 1H),
2-[1H-benzimidazol-2-yi-{&-fluoro- 2.08-3.22 (m, 4H), 2.72-2.94
2-hydroxy-phenyhmethyl}-8-[4-(1- (m, 4K, 1.87-2.11 (m, 4H)
methyl-4-piperidyhphenyll-
isoquinolin-1-one;dihydrochioride

070 /‘\N"’ 577.1 10.58 {brs, 1H), 10.35 (br s, f;\ﬁf\\ B
J:j A 1y, 7.81-7.91 (m, 3H), 7.80- | N A
NH r;\, T.71 {m, 3H), 7.55 (5, 1H), \g F
N, 7.28-7 .44 {m, 5H), 7.12-7.23
\é {m, 1H), 6.88-7.04 (m, 2H),
B.77 {d, 1H), 3.17-3.29 (m,
2H), 2.98-3.14 (m, 2H), 2.83-
-{1H- benzam;dazoi 2-y+-{&-fluoro- 2.01 (m, 1H), 2.77 (d, 3H),
2 hydroxy-phenylimethyil-8-fluoro- 1.80-2.09 (m, 4H)
&-{4-{1-methyl-4-piperidyhphenvi}- )
isoquinolin-1-one;hydrochioride
071 9.44 (brs, 1H), 7.83 {m, 1H},

F/\/ \%

Q‘ 1
50

2-{{(1H-bsnzoldimidazol-2-
vh{phenylimethyh-8-fluoro-7-{(4-(1-

7.64 (5, 1H) 7.59-7.55 (m,
5H), 7.47-7.42 (m, 4H), 7.38
(d, 2H), 7.34 {d, 2H), 7.25
(m, 2H), 8.71 (m, 1H), 3.60
(m, 2H), 3.10 {m, 2H), 2.88
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methyipiperidin-4-
yhphenvylisoquinolin-1(@H}-one

(. 1+, 2.85 (4, 3H), 2.07
(m, 2H) 1.87 (m, 2H)

j\/L 2HC!

-{1H-benzimidazol-2-yl- (5 -fluore-
2 hydroxy-phenymethyl]-5~ethyi-
&-[4-(1-methyl-4-piperidyhphenyi}-
quinazolin-4-one;dihydrochloride

8.53-8.66 (m, 1H), 7.76-7.83
(m, 2H), 7.62-7.74 (m, 4H),
7.58 (s, TH), 7.42 (d, 2H),
7.22-7.37 (m, 4H), 7.01-7.09
(m, 1H), 3.60-3.72 (m, 2H),
3.43-3.27 (m, 4H), 2.89-3.06
(m, 4H), 2.00-2.28 (m, 4H),
1.00 {t, 3H)

472 f—\m\xH r,v\ 577.5 | 9.88-10.27 {m, 2H), 7.78- f‘“\/ﬁ
Q\—\r 787 (m, 14, 7.52-7.62 (m, N Ay
“o 6HY, 7.37 (d, 2H), 7.22-7.32 E I
‘L o {m, 3k, 7.10-7.20 {m, 1H),
\’ ~ 7.07-7.19 {m, iH), 8.67-6.83
2-11 H—benzam;daz@i—z-yiu(ﬁ-ﬁu@ro— (m, 2H), 3.15-3.22 (m, 2H),
2-hydroxy-phenyhmethyl}-8-fluoro- 3.03-3.10 {m, 2H), 2.75-2.80
7-{4-(1-methyl-4-piperidyliphenyi}- {m, 4H), 1.92-2.08 (m, 4H)
isoquinclin-1-onehydrochiorids
073 /@” 877.2 12.78 {br s, 1H), 10.08 {br s, S Br
1H), 8.21 (s, 1H), 7.97 (4, HN A
Q AN j 1H). 7.88 (d, 1H), 7.55-7.68 §
NENPUN /\r {m, 4H), 7.41 (d, 2H), 7.27
HO_ A (d, 1H), 7.16-7.23 (m, 2H),
\[E,Lr 7.07-7.15 {m, 1H), 8.88-6.94
) . {m, 1H), 8.71 (d, 1H), 6.62-
2-[1H-benzimidazol-2-yi-(5-fluoro- 6.68 (m, 1H), 2.4 (d, 2H).
Znhygrﬁxynphenyi);met.hyi}f?'mﬁuomn 2.54-2.50 (m, 1H), 2.26 (s,
&-{d-(1-methyl-4d-piperidyhphenyi)- 3H), 2.04-2.12 (m, 2H), 1.67-
isoquinolin-1-one 1.85 (m, 4+)
082 - __ | 5684 H NMR (methanol-da} §: i
\\_JN}W ’”\m 8.62 (s, 1H), 7.90 (5, 1H), ng;\fl\&_
e 7.72-7.80 {m, 3H), 7.56-7.82 !
et (m, 2HH, 7.50 (d, 2H), 7.39
- {d, 2H), 7.12-7.19 (m, 2H),
2-[1H-benzimidazol-2-yi-[7-chioro- 6.94-7.01 (m, 1H), 6.80-8.88
&-[4-(1-methyl4-piperidyhiphenyil- {m, 1H), 3.58-3.89 (m, ZH),
indazol-2-viimethyil-4-fluorg- 3.14-3.25 (m, 2H), 2.95-3.04
phenol dihydrochioride (m, 1H), 2.93 (s, 3H), 2.13-
2.24 {m, 2H), 1.87-2.11 (m,
2H)
074 “" 888.4 | 'H NMR (methanol-dy) &

Compeunds 0687 and 088; Preparation of 2-[{R)-1H-benzimidazol-2-yi-{5-fluore-2-hydroxy-

phenyhmethyll-8-[4-{1-methvi-4-piperidvliphenvilisoquinelin-1-one and 2-[{8)-1H-

benzimidazol-2-vi-(5-fluoro-2-hydroxy-phenyhmethvil-8-[4-{1-methyl-4-

piperidvhiphanvilisoguinolin-1-one
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/__ /),\j\ P Q\NH AN
N/k -

/\F
2-[{rac)-1H-benzimidazol-2-yi-(5-fluoro-2-hydroxy-phenyimethyll-8-[4-(1-methyi-4-piperidyl)-
phenyiliscquinolin-1-one;dihydrochloride (8698, 0.050 g, 8.078 mmal) was purified by prep
SFC with a Chiral Technologies Chiraglpak 1G (Smicron 25G:10mm} column @ 40 °C eluting
with 55% (0.3% TEA in MeOH) / 45% C02 at 10 MPa BPR {o separate enantiomers.
Absolute configuration of the chiral center for each isolated enantiomer is unknown. First
gluting peak (087) (17.0 mq, 38% vyield, 98.5:1.5 an); [tf%:-12.8 (¢ = 0.21, MeQOH); "H NMR
(DMSC-ds) §: 12.6-12.9 (m, 1H), 2.8-10.2 (m, 1H), 8.28 (d, 1H), 7.94 (s, 1H), 7.82 (dd, 1H),
7.74(d, 2H), 785 (s, 1H), 7.54 {br s, 2H), V.39 (d, 2H}, 7.29 (d, 1H), 7.19 {br dd, 2H), 7.1 (m,
1H), 6.89 {(dd, 1H), 8.8-6.7 (m, 2H}, 2.88 (d, 2H), 2.5-2.8 (m, 1H), 2.20 (s, 3H), 1.9-2.1 (m,
2Hy, 1.6-1.8 (m, 4H); M8 mvz. 558.3 [M+1]". Second sluting peak (888} (14.1 mg, 31% yisld,
1.5:98.5 er); [0]%5 +14.1 (c = 0.84, MeOH), 'H NMR (DMSO-ds) 8: 12.6-12.9 (m, 1H), 2.9-
10.2 {m, 1H), 8.28 {d, 1M}, 7.94 (s, 1H), 7.82 (dd, 1H}, 7.74 (d, 2H), 7.65 (s, 1H), 7.54 (br s,
2HY, 7.38 (d, 2H), 7.29 (d, 1H), 718 (brdd, 2H), 7.1 {m, 1H), 6.88 (dd, 1H), 6.6-6.7 {m, 2H},
2.88 (d, 2H), 2.5-2.6 {m, 1H}, 2.20 (s, 3H), 1.9-2.1 {m, 2H), 1.6-1.8 (m, 4H); M3 m/z: 558.3
(M7

Compounds 065 and 888 Preparation.of 2-[{(RY-1H-benzimidazol-2-vi-{5-fluore-2-hivdroxy-

phenvbmethyvil-8-fluore-8-[4-{1-methyi-4-piperidyliphenvilisoguinolin- 1-one and 2-[{8)-1H-

benzimidazol-2-vi-(5-fluoro-2-hydroxy-phenvhimethyil-8-fluoro-8-[4-(1-methyl-4-

piperidyvhphenvilisoauinolin-1-one

/"\N/
A
\_>>~~NH ff\/i/‘“\\\ /©
NF N >
i, = K

2-[1TH-benzimidazol-2-vi-(5-flucro-2-hydroxy-phenylimethyil-8-fluoro-8-[4-(1-methyl-4-
piperidyhphenvilisoquinolin-1-ong; hydrochioride (078, 0.012 g, 0.020 mmol) was purified by
prep SFC with Phenomenex Lux Ceilulose-4 column sluting with 55% (0.3% TEA in MeQH) /
45% CO2 at 10 MPa to separate enantiomers. Absolute configuration of the chiral center for
sach isciated enantiomer is unknown. First sluting peak (865 (3 mg, 27% vield, 100.0 er);
[07?%-13.3 {¢ = 0.37, MeOH); 'H NMR (DMSO-dk) & 12.89 (br s, 1H), 2.95 (br 5, 1H), 7.68-
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7.73 {mn, 3H), 7.37-7.58 (m, 4H), 7.32 (d, 2H), 7.22 (d, 1H), 7.08-7.18 {m, 2H), .99-7.07 {m,
1H), 6.80-6.86 (m, 1H), 6.56-6.63 (m, 2H), 2.81 (d, 2H), 2.45-2.50 {m, 1H), 2.13 (s, 3H),
1.85-1.96 (m, 2H), 1.57-1.73 {m, 4H); MS m/z. 577.3 [M+1T. Second eluting peak (066) (4
mg, 368% yield, 100:0 er); [a]¥p +14.8 (¢ = 0.27, MeOH); 'H NMR (DMSO-ds) & 12.69 {br s,
5 H), 9.98 (brs, 1H), 7.68-7.73 (m, 3H), 7.38-7.58 (m, 4H), 7.32 (d, 2H), 7.22 (d, 1H), 7.08-
7.18 (m, 2H), 6.99-7.08 (m, 1H), 8.80-6.86 (m, 1H), 6.56-8.63 (m, 2H), 2.81 (d, 2H), 2.45-
2.52 (m, 1H), 2.13 (s, 3H), 1.83-1.96 (m, 2H), 1.57-1.73 (m, 4H): MS m/z: 577.3 [M+1]".

Example 7. Preparafion of 3-f1H-benzimidazol-2-vi-(5-flucro-2-hydroxy-phenviimethyi-6-{4-

10 {1-methvi-4-piperidvliphenvilouinazofin-4-one hvdrochioside (Compound 008)

Scheme &,

006

Step 1. Eihyl 2-[{Z-amino-5-bromo-benzovhaminol-2-[S-flucro-2-(methoxymethoxyiphenvil-

acetate

18
To a solution of ethyl Z-amine-2-[5-fluore-2-(methoxymethoxy)phenyllacetate (10.0 g,

38.8 mmol) and 8-bromo-2,4-dihydre-1H-3, 1-benzoxazine-2 4-dione (10.3 g, 42.86 mmaoil} in
THF {80 mbL) was added tristhylamine (7.85 g, 77.6 mmol}. After stirring at 40 °C for 3 h, the

solvent was removead under reduced pressure. The crude product was purified by silica gel
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column chromatography eluting with 25% ethyl acetale in pelroleum sther to give the ditle
compound (5 g, 28%). "H NMR (400 MHz, DMSO-ds) 5: 8.95 (d, 1H), 7.77 (d, 1H), 7.29 (dd,
1H), 7.18-7.22 (m, 3H), 888 (d, TH), 8.57 (s, 2H), 5.8 {d, 1H), 5.18-5.27 (m, 2H), 4.09-4.18
{m, 2H), 3.38 (s, 3H), 1.14-1.18 {m, 3H).

Step 2. Ethyi 2-(68-bromo-4-oxo-quinazolin-3-yh-2-15-fluorg-2-

{methoxymethoxyiphenvllacetate

A solution of ethyl 2-[{(Z-amine-5-bromo-benzoyhamino}-2-[5-fluore-2-
{(methoxymethoxyl-phenvijacetate (5,25 g, 11.5 mmol) in tristhoxy methane (20 mL) was
stirred at 110 °C for 22 h. After cooling to room temperaiure, the solveni was removed under
reduced pressure. The crude product was purified by silica gel column chromatography
eluting with 10-33% sthyl acetats in petroleum ether (o give the litle compound (2.2 g, 419%).
TH NMR (400 MiHz, DMSO-dg) O: 8.25-8.29 (m, 2H), 8.02 (dd, 1H), 7.66 (d, 1H), 7.28-7.37
(m, 2H), 7.14-7.21 (m, 1H), 6.88 (s, TH), §.17-5.25 (m, 2H), 4.22-4.30 {m, 2H), 3.28 (s, 3H)
1.18-1.28 (m, 3H).

Step 3. Ethyi 2-[5-fluore-2-{methoymethoxyiphenyil-2-i6-{4-{1-methvi-4-piperidyhphenyil-4-

oxo-quinazolin-2-vliacelate

EtO/L\/?\‘\((W N
MeOvQyjj\F . L s

A mixture of ethy! 2-(8-bromo-4-oxo-quinazolin-3-yl}-2-[5-fiuoro-2-(methoxymethoxy)-
phenyliacetate (2.2 g, 4.72 mmal), 1-methyl-4-{4-(4 4,5 5-telramethyl-1,3,2-dioxaborolan-2-
viiphenylipiperidineg {1.98 g, 6.60 mmol), potassium carbonate (1.98 g, 14.1 mmol) and

dioxane/water (20 mlL, 4/1) was degassed with nitrogen gas. [1,1-Bis{diphenyiphosphino)-
ferrocene]dichioropaliadium(il) complex with dichloromethane (0.680 g, 0.844 mmol) was
added and then the reaction was degassed under nitrogen once more. The reaction midure
was heated at 105 °C for 3 h. After cooling to room temperature, the reaclion mixture was
poured into water and exiracted with ethyl acetate three times. The combined organic
extracts were washed with bring, dried over sodium sulfate, filtered and concenirated under

reduced pressure. The crude product was purified by silica gel column chromatography
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sluting with 0-15% methanol in dichloromethans to give the title compound (1.8 g, 88%)}. MS
m/z 560 4 [M+1]

Step 4. 2-[5-Fluoro-2-(methoxymethowichenyll-2-[6-14-(1-meathvi-4-piperidyliphenyil-4-oxo-

guinazolin-3-ylacetic acid

N
- \f\j\
Ho)l\/i\’\[('\/ !’”\"\‘
MeO_ O & L
e = #
Ny N

To a solution of sethyl 2-[5-fluoro-2-{methoxymethoxy) phenyl}-2-[6-[4-(1-methyi-4-
piperidyl)-phenyll-4-oxo-quinazolin-3-yilacetate (1.80 g, 3.21 mmol) in THF/MeOH/water (30
ml., 1/1/1) was added lithium hydroxide monohydrate (0.404 g, 9.62 mmol). Afier stirring at
the reom temperature for 3 h, the solvent was removed under reduced pressure and the
resulting residue was adjusted to pH 3 by HCI {1 M). The resulting solid was collected by
filtration and washed with water to give the title compound {1.5 g, 88%). MS nmv/z: 532.1
(M+11

Step 5. 3-{1H-Benzimidazol-2-vi-i5-fluoro-2-(methoxymethoxyiphenviimethyll-6-[4-(1-methyl-

4-piperidvbphenyiiguinazelin-4-ona

To a solution of 2-[5-fluoro-2-(methoxymethoxy)phenyil-2-[8-[4-(1-methyl-4-piperidyl)-
phenyll-4-oxo-guinazolin-3-yllacetic acid (0.800 g, 1.62 mmol), 1,2-diaminobenzene (¢.218
g, 2.02 mmeol) and HATU {(0.862 g, 2.53 mmol} in DMF (10 ml) was added DIPEA (0.545 g,
4.22 mmol}. After stirring at room temperature for 10 h, sal. sodium chioride was added o
the reaction mixture. The resulting solid was collected by filtration and washed with water.
The crude product was purified by silica gel column chromatography eluting with 0-10%
methand! in dichloromethane {o give the amide intermediate. MS m/z: 622.3 [M+1]".

To the above amide intermediate was added acetic acid (8 mL). Afier stirring at 80 °C
for 3 h, the solvent was removed under reduced pressure. The reaction mixture was
neutralized with sat. sodium bicarbonate and extracted with ethyl acetate three times. The
combined organic extracts were dried over sodium sulfate, filtered and concentrated under
reduced pressure. The crude product was re-crystallized from ethyl acetate to give the title
compound (170 mg, 50%). M8 m/z: 604.3 [M+1]".
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Step 8. 3-[1H-Benzimidazol-2-vi-{(5-fluoro-2-hydroxy-phenvhmethyll-6-[4-(1-methyl-4-

piperidyD-phenvilauinazslin-4-one: hydrochioride (Compound 808)

To a solution of 3-[1H-benzimidazol-2-yl-[5-fluore-2-
{methoxymethoxy)phenylimethyl]-6-[4-{1-methyi-4-piperidyliphenyl]quinazolin-4-one (0.120
g, 0,198 mmob) in dichloromethane (10 mbL) was added HCI in dioxane (4 M, 0.495 mL, 1.98
mmol}. After stirring 1 h at rocom temperaturs, the solvent was removed under reduced
pressure. To the residus was addad diethyl sther and the resulling solid was isolated via
filtration to give the title compound (180 myg, 81%). 'H NMR (400 MHz, DMSO-ds) 8: 10.28-
10.48 (m, 2H}, 8.38 (s, 1H)}, 8.28 (s, 1H), B.22 (d, 1H), 7.75-7.86 {m, 3H), 7.68 (m, 2H), 7.59
(s, 1H), 7.34-7.45 (m, 4H), 7.20 (m, 1H), 8.98-7.08 (m, 2H), 3.47-3.54 (m, 2H), 3.00-3.15 (m,
2H)y, 2.75-2.92 (m, 4H), 1.92-2.13 {m, 4H); MS m/z: 580.3 [M+1]".

The foliowing compounds were preparad by a similar method 1o Example 7 from
sthyi 2-{8-bromo-4-oxo-quinazolin-3-yi}-2-[5-fluoro-2-(methoxymethoxyiphenyljacetate and

the corresponding boronate, or from sthyl Z-aming-2-phenylacetats:

No. Structure / Name miz H NMR (DMSO-ds) 8
[M+1]
601 = N 578.3 | 10.32 (br s, 1H), 8.35-8.48 (m, 1H),
Q‘“ﬁ” O _ 8.14-8.32 (m, 2H), 7.83 (0, 1H),
N"\/[ Ty 7.60-7.69 (m, 4H), 7.57 (s, 1H),
HO A~ @ N 7.38-7.45 (m, 1H), 7.24-7.38 (m,
KAF H-Cl N ZH), 7.13-7.23 (m, 1H), 6.94-7.04

(m, 1H), 6.78-6.93 (m, 1H), 3.52-
3.56 (m, 3H), 3.08-3.19 (m, 2H),
2.74-2.95 (m, 3H), 1.94-2.14 (m,

3-[1H-Benzimidazol-2-yi-(5-fluoro-2-hydroxy-
phenylimethyl}-6-[3-fluoro-4-{1-methyl-4-
piperidyhphenyllguinazolin-4-one;

hydrochloride )
w2 | e N 526.3 | 9.44 (brs, 1H), 8.36-8.44 (m, 1H),
{ . . # 4
AN \fi/\/] 8.35 (s, 1H), 818 (d, 1H), 7.75-
Yo 7.83 {m, 3H), 7.56-7.63 (m, 3H),
AN 7.37-7.51 (m, 7H), 7.22-7.27 (m,
N 2H), 3.56 (d, 2H), 3.10 (d, 2H),

2.81-2.95 (m, 4H), 2.07 (d, 2H),

3-[1H-Benzimidazol-2-yl{phenylymethyi}-8-{4- N
1.81-1.94 {m, 2H)

{1-methyl-4-piperidvhiphenvijquinazolin-4-one
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Exampie 8: Preparation of 2-{1H-benzirpidazol-2-vi{1.4.5 é-tefrahvdrocyciopentaicipvrazol-3-

viimethyvil-6-[4-{ {-methvi-d-piperdyvlphenvilisoindolin-1-one (Compound 033}

Scheme 7.

—Br

o 7
Qie p1 Step 2 HO)j'\
%m '
o

NN
~NH
Step 4 B I\,’;‘ N\ 4/ N\
N R 033
@:\i 4'\/\ N
“SEM

Step 1. 2-(8-Bromo-1-oxe-isoindolin-2-vh-2-[1-{Z-trimsthyisilylethoxymethyh-5.8-dihvdro-4H-

o

cyclopentalclpyrazol-2-vilaceionitrie

Y

To a solution of 1-(2-tnimethylsilylethoxymethyl)-5,8-dihydro-4H-
10 cyclopenta[clpyrazole-3-carbaidehyds (3.25 g, 11.5 mmol} in acetonitrile (30 ml} was added
methyt 2-(aminomethyh-5-bromobenzoate hydrochloride (3.25 g, 11.5 mmol}, BIPEA (4.73
ml, 28.7 mmol) and frimethyisiby cyanide (1.35 g, 13.7 mmol). The reaction mixture was
heated at 75 °C for 16 h. After cooling to room temperature, the reaction mixiure was poured
into water and extracted with ethyl acetate three times. The combined organic extracts were
15 washed with water, brine, dried over sodium sulfate, filtered and concentrated under reduced
pressure. The crude product was purified by silica gel column chromatography eluting with
1-20% ethyl acetate in petroleum ether to give the title compound (1.77 g, 32%). MS m/z.
488.2 [M+1]".

20
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Sten 2. 2-(8-Bromo-1-oxe-isoindolin-2-vh-2-1-(2-trimethyisilylethoxymethyli-5 . 8-dihvdro-4H-

cyclopentalcipyrazol-3-vllacetic acid

. ;,Br
HO/U\(N
LD

SEM

To a solution of 2-(8-bromo-1-oxe-isgindolin-2-yi}-2-{1-2-trimethylsilylethoxymethy)-
§ 6-dihydro-4dH-cyclopentaicipyrazol-3-yljacstonitrite {0.950 g, 1.84 mmol) in ethano! (10 mL)
in an ice bath was added dropwise potassium hydroxide agueous solution (2 M, 4.85 mL,
8.70 mmol). After stirring at 100 °C for 2 h, the reaction mixiure was diiuted with water and
adjusied to pH & by acetic acid. The agueous phase was extracted with sethyi acetale three
times. The combined organic exiracts were dried over sodium sulfate, filtered and
concentrated under reduced pressure. The crude product was purified by C18 column

chromatography eluting with 0-70% ACN/water containing 10 mM ammonium acetate to give
the fitle compound (420 mg, 43%). MS m/z: 5071 [M+17".

Step 3. 2-[1H-Benzimidazol-2-vi-[1-(2-trimethvisiiviethoxymethyD-5 8-dihydro-4H-

cyclopertalclpvrazol-3-ylimethyil-6-bromeo-iscindelin- 1-one

To a solution of 2-{6-bromo-1-oxo-isoindolin-Z-yl)-2-{1-(Z-trimethyisilylethoxymethyl)-
5 8-dihydro-4H-cyclopentale]pyrazol-3-yllacetic acid (0.250 g, 0.4%4 mmol}, 1,2-
diaminobenzene (0.120 g, 1.11 mmol} and HATU (0.377 g, 0.887 mimol} in DMF (10 mL)
was added DIFEA (0.342 ml, 1.97 mmol). After stimring at room temperature for 5 h, sat.
sodium chioride was added 10 the reaction mixture. The resulting solid was collected by
filtration and washed with water to give the amide intermediate which was used in the next
reaction without further purification. MS m/z. 587 .2 [M+1]".

To the above amide intermediate was added acetic acid (8 mL). After stirring at 80 °C
for 1 h, the solvent was removed under reduced pressure. The crude product was purified by
18 column chromatography sluting with 0-100% ACN/water containing 0.1% formic acid to
give the title compound (220 mg, 58%). MS m/z. 579.2 [M+1T"
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Sten 4. 2-[1H-Benzimidazol-2-vi-[1-{2-trimethvisiiviethoxymethyh-5 8-dihvdro-4 H-
cyclopentaicipyrazol-3-viimethyil-8-[4-( 1-methvl-4-piperidvh phenyilisocindclin-1-one

A mixture of 2-[1H-benzimidazol-2-yi-[ 1-{2-trimethvisilylsthoxymethyi)-5,86-dihydro-
4H-cyclopenta[cloyrazol-3-yliimethyll-8-bromo-iscindolin-1-one (0.100 g, 6.173 mmol), 1-
methyl-4-[4-(4 4,5 5-tetramethyl- 1,3, 2-dioxaborolan-2-yliphenyllpiperiding (0.080 g, 0.198
mimol), sodium carbonate (0.024 g, 0.222 mmol) in dioxane/water (4.5 ml., 7/2) was
degassed with nitrogen twice. [1,1-Bis(diphenyiphosphino)ferrocene]dichicropaliadium(il)
complex with dichioro-methane (0.028 g, 0.035 mmol) was added and then the reaction was
degassed with nitrogen once more. The reaction mixiure was heated at 105 “Cfor 1.5 h.
After cooling to room temperature, the reaction mbdure was poured into water and exiracted
with ethyl acetate three timss. The combined organic exiracts were washed with brine, dried
over sodium sulfate, filtered and concentrated under reduced pressure. The crude product
was purified by C18 column chromatography eluting with 0-100% ACN/water containing
(.1% formic acid to give the title compound (88 mg, 76%). M3 mv/z: 673.4 [M+1]".

Step 5 2-IH-Benzimidazol-2-vi{1.4.5 B-tefrahvdrocyclopentalciovrazol-3-viimethyi-8-14-(1-

methyi-4-piperidviivhenviliseindolin-1-one {Compound 833)

NP
i N
(e

To a solution of 2-[1H-benzimidazol-2-y-[1-(2-frimethylisilviethoxymethyl)-5,6-dihydro-
4H-cyclopentalclpyrazol-3-ylimethyl}-6-[4-(1-methyl-4-piperidyliphenyliisoindolin-1-one
{0.087 g, 0.129 mmol) in water {0.454 ml) was added trifluoroacetic acid (2 mi.). After
stirring overnight at room {emperature, the solvent was removed under reduced pressure.
The crude product was purified by C18 column chromatography eluting with 8-100%
ACN/water containing 0.1% formic acid to give the title compound (44 mg, 63%). "H NMR
(400 MHz, DMSO-ds) & 12.56 (br s, 1H), 8.20 (s, 1H), 7.87-7.98 (m, 2H), 7.84-7.75 {m, 3H),
7.47-7.62 (m, 2H), 7.37 (d, 2H), 7.12-7.24 {m, 2H}, 6.85 {s, 1H), 4.92 (d, 1H), 435 (d, 1H),
2.98-3.05 (m, 2H), 2.54-2.66 (m, 3H), 2.27-2.38 (m, BH), 2.14-2.27 {m, 3H), 1.89-2.01 {m,
1H), 1.69-1.86 (m, 4H); MS m/z: 543.4 M+ 1"
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Compound 031 was prepared by a similar method to Example 8 from 2-(8-bromo-1-
oxo-isoindolin-2-y)-2-[ 1-{2-trimethylsilylethoxymethyi)-5,8-dihydro-4H-cyclopentalclpyrazol-

3-yllacetic acid and pyridine-2 3-diamine:

No. | Structure / Name miz 'H NMR (DMSO-ds) 8
M+17
031 | /&~ N e 544.4 8.30-8.38 (m, 1H), 8.24 (5,
\ _{‘”N* Y / 1H), 7.86-7.98 (m, 3H),
N"\ \‘;"g\ 7.83-7.74 (m, 3H), 7.36 (d,
Ny 2H), 7.18-7.25 (m, 1H),
C@H 6.84 (3, TH), 4.95 (d, 1H),

4.33 {d, 1H), 2.87-2.96 (m,
2H), 2.55-2.67 (m, 2H),
2.17-2.38 (m, 6H), 1.93-
2.08 {m, 3H), 1.84-1.85 (m,

2-[1H-Imidazo[4,5-blpyridin-2-yi{(1,4,5,6~
tetrahydrocyclopentafcipyrazol-3-yiimethyil-6-
{4-{1-methyl-4-piperidybphenyiliscindolin-t-one

5H)
5}
Example 8. Preparafion of 3-({ 1H-benzoldlimidazoi-2-vi{5-fluoro-2-hyvdroxyphenviimethi) -6-
(4-{ 1-methvipiveridin-4-viiphenviiovridol 3. 2-dipvrimidin-4(3H)-one 2 2 2-friffucroacetats
(Compound 608)
10 Scheme 8,
N

z /w Step 1 T\
MeO oy MeO

TN

Nz
) N X, ;
Step 4 EiO N Br
Ste
MeO_ O

108



10

15

20

28

WO 2021/096948 PCT/US2020/060001

A mixture of methyl 3-aminopicolinate (850 mg, 4.27 mmol) in a solution of Hx50,
(267 mbL, 4 mmol} and water (13 mL) was treated dropwise over one minute with a solution
of bromine (200 mL, 4.27 mmol} in acetic acid (800 mL). The reaction mixture was stirred at
room temperature for 15 minutes and basified with 10N NaOH to pH 8. The mbdure was
extracted with EH0Ac three times. The combined organic extracts were washed with
saturated bring, dried over Na,80,, fillered and concentrated under reduced pressure. The
residue was purified by silica gsl chromatography eluting with 0-80% EtCAC in hexane to
give the title compound (600 mg, 81%). ' H NMR (500 Mz, DMSO-db) d ppm 7.45 (d, 1H)
7.22{d, 1H} 8.88 (s, 2 H) 3.82 (s, 3 H); MS m/z 232.9 M+ 11"

Step 2. 3-Aming-8-bromepicelinic acid

HoN
AN

l
HO \N o

A mixture of methyl 3-amino-G-bromopicolinate (600 mg, 2.6 mmol, lithium hydroxide
monohydrate (600 mg 14.3 mmol) in THF (6 mL), MeOH (1.5 mL) and water (1.5 mL) was
stirred at room femperature for 45 minuies. The solvent was removed under reduced
pressure. The residue was dissolved in water (20 mL) and treated with 2N HCl to pH 6. The
white solid was collected by filiration, washed with cold water, and dried to give the litle
compound (400 mg, 71%). 'H NMR (500 MHz, DMSO-ds) d ppm 7.19 {d, 1H) 7.43 (d, 1H);
MS m/dz 218.8 [M+1]%

Step 3. Eihvl 2-(3-amino-8-bromopicolinamidoi-2-(5-flucre-2-

{methoxymethoxyiphenvhacetate

Ha

EtQ/lI\g NZ Br

|
\/O\[:/i.
i

A mixture of 3-amino-8-bromopicolinic acid (187 mg, 0.77 mmol), ethyl 2-amino-2-(5-

MaQ

flucro-2-{methoxymethoxy)phenyliacetate (237 mg, 0.92 mmol), HATU (585 mg, 1.54
mmob), and DIPEA (401 mb, 2.31 mmoeol) in degassed DMF (2 mb) was stirred at 80°C for 1
h. After cocoling, the reaction mixiure was poured into saturated brine (20 mL) and extracted
three times with EtOAc. The combined organic extracts were dried over NaxS0s, filtered and
concentrated under reduced pressure. The residue was purified by silica gel
chromatography eluling with 0-55% EtOAC in hexans 1o give the title compound (315 mg,
90%). MS mdz 458 0 [M+17",
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Step 4. Ethyl 2-(6-bromo-4-oxopyridel3, 2-dipvrimidin-3(4 H)-vh-2-(5-fluoro-2-

{methoxymethoxy)-phenvliaceiate

A mixture of ethyl 2-(3-amino-8-bromopicolinamido}-2-(5-fluoro-2-{methoxymethoxy)-
phenyhacetate (315 myg, 0.68 mmol} in triethylorthoformate (4 mb) in a sealed vial was
heated in a microwave for 2 h at 210°C. After cooling, excess triethylorthoformate was
removed under reduced pressure, and the residue was purified by silica gel
chramatography, eluting with 0-65% EtOAc in hexane to give the title compound (310 mg,
88%). "H NMR (500 MHz, DMSO-ds) d ppm 8.37 (s, 1H) 8.08-8.09 (m, 2H) 7.36 (dd, 1H)
7.25-7.32 (m, tH) 7A7-7.23 (m, 1H) 6.71 (s, 1 Hy 518-525 (m, 2H) 4.27 {g, 2H) 3.29 {5, 3H)
1.19-1.23 (m, 3H); MS m/z: 468.0 [M+1]".

Step 5, 2-(5-Fluorg-2-{methoxymathoxyipheny-2-(6-(4-(1-methvipineridin-4-viiphenyh-4-

oxopyidol3. 2-dipvrimidin-3(4H-vhacetic acid
i\j

NG

MJ \g”\w :
Our 1 2 ’\]
S
A mixdure of ethyl 2-(G-bromo-4-oxopyrida]3, 2-dipyrimidin-3(4 H-y1-2-(5-fluore-2-
{methoxymethoxyiphenyllacetate (310 mg, 0.73 mmeol}), 1-methyl-4-(4-(4 4 5 5-tetramethyl-
1.3, 2-dicxaboroian-2-yliphenyhpiperidine (2685 my, 0.88 mmol), PdidpphCla. DCM (112 mq,

0.148 mmoly and sodium carbonate (232 my, 2.12 mmol) in dioxane:water (4:1, 7.5 mL) was

3,

heated at 100 °C for 24 h under nifrogen. After cooling, the reaction mixture was fillered, and
the filtrale was concentrated and purified by reverse phase HPLC, eluting with 0-80%
ACN/water (0.035% TFA modifier) fo give the title compound (151 mg, 35%). "H NMR (500
MHz, DMSO-ds) d pom 8.36 (br s, 1H) 8.43 (d, 1H) 8.33 (d, 1H) 8.20 {m, 3H) 7.44 {d, 2H)
7A1{dd, 1H) 7.24-7.33 (m, 1H} 7.19 (dd, 1H} 8.67 (s, 1H) 5.25 (d, 1H) 5.22 (d, 1H) 3.58 (d,
2H) 3.28 (5, 3H) 3.11 (m, 2H) 2.91 (m, 1H) 2.84 (d, 3H) 2.03-2.13 (m, 2H) 1.81-1.96 (m, 2H).
MS m/z 533 M1
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Step 8. 3-{({1H-Benzoldliimidazol-2-y){5-flugro-2-(methowvmethoxyiphenymethy-6-(4-(1-

methvipiperidin-4-viphenvhpyride[3,2-dlpyrimidin-4(3H)-one

/':::::\KI 'N -
\Wa i@
ﬁl /,N\glﬁ\l@ hﬁ

- )
MeO__-~ 1% i \[
N LN

A nixdure of 2-(5-flucro-2-(methoxymethoxyipheny}-2-(8-(4-(1-methyipiperidin-4-

viiphenyh-4-oxopyridol3, 2-dipyrimidin-3(dH}-yliacetic acid (75 mg, 0.14 mmol}, ortho
phenylenediamine (31 mg, 0.28 mmol), HATU (108 myg, 0.28 mmol}, and DIPEA {156 mL,
0.90 mmol) in degassed DMF (3 ml) was stirred at 80°C for 1.5 h. The reaction mixture
was purified by reverse phase HPLC, eluting with 0-80% ACN/water (0.035 % TFA madifier
to give the amide intermediate. M8 m/z 823.7 [M+1]".

The above amide intermediate was dissolved in acetic acid (5 mL) and heated at 110
°C for th. Excess acetic acid was removed under reduced pressure to give the title

compound, used without further purification. MS m/z: 8054 [M+1]".

Step 7. 3-{{1H-Benzoldlimidazol-2-y){ 5-fluore-2-hydroxyphenvlmethyh-6-(4-(1-
methyipiperidin-4d-yiiphenyDpyride[3. 2-dlpyrimidin-4(3H)-one 2 2 2-triflucroacetale
{Compound 80

The above material of 3-((1H-benzo[dlimidazol-2-v){(B-fluoro-2-(methoxymethoxy)-
phenyhmethyl)-6-(4-(1-methylpiperidin-4d-yliphenyhpyrido[3, 2-dlpyrimidin-4{3H}-one was
treated with 5 mL of 1.1 DCAM/TFA for 6 h. Solvents were removed under reduced pressure,
and the residue was purified by reverse phase HPLC, sluting with 0-80% ACN/water (0.035
%TFA modifier) to give the title compound (14 mg, 15%). 'H NMR (800 MHz, DMSO-ds) d
pem 10.20 {s, 1H) 2.30 (br s, 1H) 8.48 (d, 1H) 8.231 (s, 1H) 8.23 (d, 1H) 8.21 (d, 2H} 7.88 (m,
3HY 7.43(d, 2H) 7.24 {m, 2H) 7.17 {m, 1H) 6.94 (dd, 1H) 8.80 {m, 1H) 3.55 (d, 2H) 3.10 (m,
2HY 2.90 (m,, 1H) 2.85 (d, 3H} 2.08 (m, 2H) 1.87 (m, 2H}); MS m/z 581.3 [M+11"
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The foliowing compounds were preparad by a similar method 1o Example 9 from the

No. | Structure / Name m/iz H NMR (DMSO-ds) & Starting
M+1} materials
Qo8 N i 5453 9.28 (br s, 1H) 8.45-8 47 2 .
in\f ,\f\r\ TEA {m, 2H) 8.21-8.24 {m, 3H) Me@ﬂ;{“”
N X N 7.60 (m, 2H) 7.58 (s, 1H) @\
/J\ ™. 7.50-7.53 {m, 1H) 7.43 (d, o
SN M 2H) 7.38 (d, 1H) 7.27-7.31 | and
3-{(1H-Benzo[djimidazol-2-y)(3- {m, 2H) 7.25 (m, 2H) o
fiuorophenyhmethy-8-(4-(1- 3.55 (d, 2H) 3.07-3.14 {m, HO‘ \i’ ]
methyipiperidin-d-yphenyb- 2H) 2.89-2.95 (m, 1H) 2.84 @’ TN B
pyridof3, 2-dlpyrimidin-4 3H)-one {d, 3H) 2.08 {d, 2H) 1.82-
2,2, 2-trifluoroacetate 1.81 (m, 2H)
004 5782 | 10.19 (s, 1H) 9.29 (br. s, i o
A 1H)822(s, 1H)7.87(m, | U
1H) 7.62 (d, 1H) 7.58 (m, YL
4H) 7.50 (s, 1H) 7.38 (d, SO
N 2H) 7.24 (dd, 2H) 7.16 (m, | aNd
3-((1H-Benzo[dlimidazol-2-yD(5- 1H) 6.94 (dd, 1H) 8.75 (dd,
fluorc-2-hydroxyphenybimethyl)-5- 1H) 3.54 (d, 2H) 3.09 (m, 1
fluoro-6-(4-(1-methylpiperidin-4- 2H) 287 (m, 1H) 2.82 (d, \g\f
yhphenydquinazolin-4(3H)-one 2,2,2- 3H) 2.07 {m, 2H) 1.85 (m,
trifluoroacetate 2+
005 A 562.3 | 943 (brs, 1H) 831 (s, 1H) .
<F-> u ” 7.90 {m, 1H) 7.51-7.56 (m, Me@’“j;“”
W\L SHY 7.42-7 47 (m, 2H) 7.32 Li ]
f’ } (d, 2H) 7.28 (d, 1H) 7.23 F
(m, 1H) 7.18 (m, 3H) 3.48 | and
3- ((1H Benzcz fimidiazol-2-yl)(3- (@ 2th 2.89-3.00 (m, 2H)
fluorophenyhmethy)-5-fluoro-6-(4-(1- 2'78“2'83‘@“’ TH)2.77 @, "o, /il
methylpiperidin-4-ylyphenyl)- 3H) 200 (d, 2H} 1.76-1.85 E I &
guinazelin-4{3Hy-one 2,2 .2- {m, 2H)
triflugroacetate

The foliowing compounds were prepared by a similar method to Example 9 from

athyi 2-amino-2-(5-fluore-2-{methoxymethoxyiphenyhacetate and the corresponding acid

starting materials:

\ / ~»[’\le Fer /’/‘1/
N NN N
s ¢ i\\;f‘

ZHCH

3-{iH-benzimidazol-2-yi- (5 fluoro-
2-hydroxy-phenyhmethyll5-chioro-

1H), 8.35 (s, 1H), 7.74-7.85
(m, 4H). 7.50-7.57 {m, 3H),
7.32-7.47 {m, 4H), 7.47-7.28
(m, 2H), 7.09-7.15 {m, 1H),
3.48 (d, 2H), 2.67-3.21 {m,
2H), 2.84-2.91 (m, 1H), 2.75
(d, 3H), 1.96-2.19 (m, 4H)

No. | Structure / Name ez H NMR (DMSGC-d5) 6 Starting
M+1}* materials
075 524.3 11.00 (brs, 1H), 10.77 {br s,
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&-{4-(1-methyil-4d-piperidyhphenyi}-
quinazolin-4~-one;dihydrochioride

076 6281 | 10.72 {br s, 1H), 10.58 (br s,
1H), 8.42 (s, 1H), 8.01 (4,
1H), 7.86 (d, 1H), 7.66-7.78
(m, 2HY, 7.56 (s, 1H), 7.42-

7.50 (m. 2H), 7.35-7.41 (m,

2-{1H-benzimidazol-2-y-(&-fluoro- 4Hy, 7.16-7.28 (m, 1H), 6.99-
2-hydroxy-phenylimethyi}-6-[4-(1- 7.13 (m, 2H), 3.51 (d, 2H),
methyl-d-piperidyhphenyl-5- 3.02-3.18 {m, 2H), 2.84-2 98
(riflucromethyliquinazolin-4- {m, 1H), 2.78 {d, 3H), 1.87-
one;dihydrochloride 2.18 {m, 4H)

Compound 877 3-[1H-benzimidazel-2-vi-(5-flucro-2-hydroxy-phenvhmethyll-5-methoxy-6-[4-

{1-methvi-4d-piperidyliphenvilquinazolin-4-one: dihvdrochicride

Scheme 9

N\ {“NH

----- N NH,
/O\/O O

Step 1. B-amino-N-[1H-benzimidazol-2-vi-[5-flucro-2-(msthoxymethoxyiphenviimethvil-3-

bromeo-2-methoxy-benzamide

To a solution of 8-bromo-5-methoxy-2,4-dihydro-1H-3, 1-benzoxazine-2 4-dione
10 (0.350 g, 1.28 mmol) in THF {30 mlL) was added athyl 2-amino-2-(5-fluoro-2-
{methoxymethoxyiphenyi)-acetate (0.385 g, 1.28 mmol}. After stirring &t 70 °C for 12 h, the
reaction mixiure was concentrated under reduced pressure, and purified by reverse phase
HPLC eluting with 0-100% ACN/water (0.035% TFA modifier) {o give the title compound
{0.21g, 31%). 'H NMR (DMSO-ds) 5: 12.28-12.38 (m, 1H), 9.34-8.45 {m, 1H), 7.52-7.80 (m,
15 M), 7.39-7.48 (m, 1H), 7.28-7.32 {m, 2H), 7.13-7.20 (m, 4H), 6.83 (d, 1H), 6.46 (d, 1H), .11
{5, 2H), 524 {d, 1H), 517 (d, 1H), 3.62 (5, 3H), 3.28 (5, 3H); MS mdz 5201 [M+11".
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Sten 2. 3-[1H-benzimidazol-2-vi-[5-fluoro-2-(methoxymethoxyiphenviimethyil-8-bromoe-5-

methoxy-guinazolin-4-one

A mixture of 8-amino-N-[1H-benzimidazol-2-y[5-fluoro-2-{methoxymethoxy) phenyl]-
methyil-3-bromo-2-methoxy-benzamide (0.200 g, 6.377 mmol) in tristhylorthoformate (20
mL) was heated at 210 °C for 2 h. After cooling to room temperature, the reaction mixture
was concentrated under reduced pressure, and purified by reverse phase HPLC eluting with
0-100% ACNAvater (0.035% TFA modifier) to give the title compound (0.14 g, 89%). *H
NMR (DMSO-ds) & 12.88 (br s, 1H), 8.18-8.32 {m, 1H), 7.94-8.14 {m, 1H), 7.58-7.75 {m,
2HY, 7.47-7.56 {m, 1H}, 7.38-7.47 {m, 1H), 7.23 (d, 4H), 8.76-6.95 {m, 1H), 5.10-5.26 {m,
2H), 3.82 (s, 3H), 3.13 (s, 3H); MS mv/z: 5301 [M+17"

Step 3 _3-[1H-benzimidarol-2-vl-[5-fluorg-Z2-(methoxymethoxyinhenyiimethvil-S-methoxy-6-

[4-{1-methyl-4d-piperidyiiphenyliguinazolinr4-one

A mibdure of 3-[1H-benzimidazol-2-vi-[E-fluoro-2-{methoxymethoxyphenylimethyil-6-
bromo-5-methoxy-quinazolin-4-one (0,100 g, 0.185 mmol), 1-methyl-4-(4-(4,4,5 5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenylipiperidine (0.058 g, 0.185 mmoi}, Pd{dppHCh
(0.014 g, 0.019 mmol} and potassium carbonate (0.050 g, 0.370 mmol} in
dioxane:DMF water {1:1:1, 10 mbL) was heated at 100 °C for 12 h under nitrogen. After
cooling, the reaction mixiure was filtered, and the filtrate was concenirated under reduced
pressure, and purified by reverse phase HPLC eluting with 0-100% ACN/water (0.035% TFA
modifier) to give the title compound (0.085 g, 73%). "H NMR (400 MHz, methanol-di) &:
8.27-8.37 (m, 2H), 8.11-8.18 {m, 1H), 7.81-7.90 (m, 1H)}, 7.70-7.74 (m, 1H}, 7.58-7.864 (m,
4Hy, 7.35-7.43 (m, 2H), 7.28-7.31 {m, 2H), 7.18-7.25 (m, 1H), 6.82-6.88 (m, 1H), 5.17-525
{m, 2H), 3.80-3.868 {m, 2H), 3.83 (s, 3H), 3.11-3.25 (m, 5H), 2.93-2.87 (m, 4H), 1.98-2.24 (m,
4HY, MS m/z 634.5 [M+1T"

114



10

20

25

WO 2021/096948 PCT/US2020/060001

Sten 4. 3-[1H-benzimidazol-2-vi-(5-flucro-2-hvdroxy-phenviimsthvil-5-methow-8-14-(1-

methvi-4-piperidyiphenvliguinazolin-4-one: dihydrochloride

To a solution of 3-[1H-benzimidazol-2-y[5-fluoro-2-
{methoxymethoxylphenylmethyll-S-methoxy-6-{4-{1-methyl-4-piperidviiphenyliguinazolin-4-
one {(0.075 g, 0.118 mmol) in dichloromsthane (10 mL) was added HCI in methano! (4 M,
0.580 mi, 2.38 mmol). After stirring 12 h at room temperature, the solvent was removed
under reduced pressure. The crude product was purified by reverse phase HPLC eluting
with 0-100% ACN/water (0.05% HCI modifier) to give the title compound (0.026 g, 37%). 'H
NMR (400 MMz, methanol-dy) 5 8.41 (s, 1H), 7.92 (d, 1H), 7.73-7.82 {m, 2H), 7.52-7 89 (m,
8H), 7.37-7.45 (m, 2H), 7.21-7.35 {m, 2H), 6.98-7.07 (m, TH), 3.60-3.68 (m, 2H), 3.53 (s,
3H), 3.15-3.28 (m, 2H), 2.88-3.05 {m, 4H), 1.88-2.20 (m, 4H); M& m/z: 580.7 [M+11"

Compound 078 2-[1H-benzimidazel-2-vi-(5-flucro-2-hydroxy-phenyimethvil-8-14-{ 1-methyl-

4-piperidvhphenviliscindoline-1-thicne: dihydrochioride

Schame 10
L TN NN _
N Step 1 AN
1
HO\E HO\E\ : FHCH
FNp

Step 1. 2-[1H-benzimidazol-2-vi-(5-flucre-2-hydroxy-phenvimsthvil-6-14-( 1-methyl-4-
piperidvlphanviliseindoline- 1-thione: dinydrochioride

t
N": ,N ;

i-if)(iﬁ\ S 2HCH
F

To a solution of 2-f 1H-benzimidazol-2-yi-(5-flucro-2-hydroxy-phenylymethyl}-8-[4-(1-
methyl-4-piperidyhphenyllisoindolin-1-one (1.00 g, 1.82 mmol) in toluens (20 ml) was added
Lawesson reagent (3.88 g, 8.10 mmol). After stirring at 120 °C for 72 h, the solvent was
removed under reduced pressure. The crude product was purified by reverse phase HPLC
sluting with 0-100% ACN/water (0.05% HC! modifier) to give the title compound {0.026 g,
3%). "H NMR {DMSOC-ds) 8: 10.33-10.99 (m, 2H}, 7.96-8.21 (m, 2H), 7.83-7.90 {m, 8H),
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7.36-7.54 (m, 4H), 7.14-7.24 (m, 1H), .92-7.16 (m, 2H}, 5.08-5.26 (m, 1H), 4.40-4.57 (m,
1H), 3.00-3.14 (m, 3H), 2.86-2.98 (m, 2H), 2.80 (s, 3H), 1.96-2.19 (m, 4H): MS m/z; 563.1
M+1]"

Compounds 083 and 084 Preparation of Z-[{(R)-1H-benzimidazol-2-vi-{5-fluoro-2-hydroy-

phenylimethyll-8-[4-{ -methyl-4-piperidvi phenvllisoindoline-1-thicne and 2-[(8)-1H-

benzimidazol-2-vi-(5-fluoro-2-hvdroxy-phenviimethyll-8-[14-(1-methyl-4-

piperidyliphenviliscindgoiine-1-thione

2-{1H-benzimidazol-2-vi-(5-flucre-2-hydroxy-phenylimethyl]-&-[4-{1-methyl-4-
piperidyliphenyilisoindoiine-1-thione; dihydrochioride {0.013 g, 0.020 mmol} was purified by
prep SFC with Phenomenex Lux Cellulose-4 column eluling with 45% (0.3% TEA in MeQOH) /
85% CO2 at 10 MPs to separate enantiomers. Absolute configuration of the chiral center for
each isclated enantiomer is unknown. First sluting peak (883) (4 mg, 31% vieid, 1000 er);
[0]%%-88.9 (¢ = 0.18, MeOH); "H NMR (DMSO-de} 8 12.74 (br s, 1H), 10.08 (br 5, 1H), 8.08
{5, TH), 7.3 {d, 1H), 7.73 (d, 1H), 7.45-7.89 (m, 5H), 7.30 (d, 2H), 7.08-7.28 (m, 3H), 6.88-
8.98 {m, 1H), 8.82-8.71 (m, 1H), 5.08-5.20 (m, 1H), 4.38-4.49 (m, 1H), 2.85-2.94 (m, 2H},
2.53-2.57 {(m, 1H), 2.21 (s, 3H), 1.94-2.06 (m, 2H)}, 1.66-1.83 (m, 4H); MS m/z 583.3 [M+17".
Second sluting peak (084) (4 mg, 31% yield, 991 er); [0 +58.0 (¢ = 0.25, MaOH); 'H
NMR (DMSO-cs) & 12.74 (br s, 1H), 10.08 (br s, 1H), 8.08 (s, 1H), 7.93 {d, 1H), 7.73 (d,
1H), 7.44-7.89 {m, 5H), 7.38 (d, 2H), 7.08-7.24 (m, 3H), 8.89-7.00 {m, 1H)}, 8.60-8.71 (m,
1H), 8.07-8.20 (m, 1H), 4.37-4.51 (m, 1H), 2.84-2.95 (m, 2H), 2.53-2.88 (m, 1H), 2.21 (5,
3H), 1.93-2.06 (m, 2H), 1.84-1.84 {m, 4H)); MS m/z 563.2 [M+17"
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Compound 088 2-[{5-fluoro-2-hvdroxy-phenvii-(4d-msathyl- 1H-imidazol-2-vlimethvil-6-[4-(1-

methvi-4-piperidyliphenvlliscindolin-1-one
Scheme 11

H o “__/ P\SH H l< ‘(\,/f,\'\lH
NH i - e ~ - T
st e Sz YT see W
e N & v i
4

W/Oib

JUSEE.

8

Step 1. 2-methyi-N-H{4-methyi-1H-imidazol-2-yhmethvlenslpropane-2-sulfinamide
~NH

. /N’i\f' N \sk
&

To a solution of 4-methyl-tH-imidazole-2-carboxaldshyde (5.00 g, 45.4 mmol) and 2-

methylpropane-Z-sulfinamide (8.25 g, 68.1 mmol) in THF (80 mL) was added telrasthyi

10 ortholitanate (155 g, 63.1 mmol). After stirring at 75 °C for 18 h, the reaction mixiure 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 concenirated under
reduced pressure. The crude product was purified by silica gel column chromatography
eluting with 0-100% ethyl acelate in petroleum ether o give the title compound {3 g, 31%).

15 'H NMR (400 MHz, CDCh) & 10.13-10.62 {m, 1H), 8.41 (s, 1H), 8.76-7.04 (m, 1H}, 2.19-
2.45 (rn, 3H), 1.08-1.25 (m, OH), MS mv/z: 214.2 [M+1].

Step 2. N-[{6-fluoro-2-methoxy-phenvil-(4-methyl- 1H-imidazol-2-vimethvil-2-methyl-

propane-2-sulfinamide

f~NH

J— _i Q )<
NP
)

SN

147

20
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To a solution of 2-methyl-N-[(4-methyl 1H-imidazol-2-yimsthyienelpropans-2-
suifinamide (2.30 g, 10.7 mmol) in THF (50 ml) was added dropwise a solution of 5-fluore-2-
methoxyphenylmagnesium bromide in THF (0.5 M, 84 .0 mL, 32.0 mmol) at -78 °C. After
stirring at room temperature for 16 h, the reaction mixiure was poured into sat. ammonium
chioride solution and extracted with sethyl acetate three times. The combined organic extracts
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
(3-10% methano! in ethyl acetate (o give the title compound {0.5 g, 14%). MS mvz 3401
IM=17

Step 3. (5-flucro-2-methoxy-phenvh-(d-methvl-1H-imidazol-2-vhimethanamine

To a solution of N-[{5-fluoro-2-methoxy-phenyh-{4-methyi- 1H-imidazol-2-ylymethyi]-2-
methyk-propane-2-sulfinamide (0.560 g, 1.64 mmol} in methano! (10 mL) was added HC! in
dioxane (4 M, 1.23 mi, 4.92 mmol) at 0 °C. After stirring at room temperature for 16 h, the
sohvent was removed under reduced pressure 1o give the title compound (0.385 g, quant)

which was used in the next reaction without further purification. M3 m/z: 236.0 [M+11"

Step 4. 8-brome-2-1(5-fluore-2-methoxy-pheny)-{(4-meathyl- 1 H-imidazol-2-

viimethyllisoindolin-1-one

To a solution of (5-flucro-Z-methoxy-phenyl)-{4-methyl- 1H-imidazol-2-
yviymethanamine (0.380 g, 1.81 mmol) in DMF (5 mL) was added DIFEA (1.31 mL, 8.04
mmol}. The reaction mixture was stirred at room temperature for 5 min before methyl 5-
bromo-2-{bromomethyli-benzoate {(0.485 g, 1.681 mmol} was added. The reaction mixiure
was heated at 80 °C for 16 h. After cooling to room temperature, the reaction mixture was
poured info water and exiracted with ethyl acetate three times. The combined organic
extracts were washed with water, bring, dried over sodium sulfate, filtered and concentrated
under reduced pressure. The crude product was purified by silica gel column
chromatography eluting with 0-100% ethyl acetate in petroleum ether o give the title
compound (0.28 g, 40%). "H NMR {DMSO-de} 8: 11.76-12.10 (m, 1H), 7.75-7.84 (m, 2H),
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7.50-7.80 (m, 1H), 7.17-7.26 {m, 1H), 7.02-7.13 (m, 1H}, 6.88-6.98 (m, 1H), 6.74-6.83 (m,
1H), 6.56 (s, 1H), 4.64-4.75 (m, 1H), 3.96-4.08 (m, 1H), 3.72 (d, 3H), 2.10 (d, 3H).

Step 5. 2-[(5-fluoro-2-methoxy-phenvh-{4-methyl-1H-imidazol-2-vlimethyi-8-[4-{ {-methyl-4-

piperidvhphenviliscindolin-1-one

A mixture of 8-bromo-2-[{(5-fluoro-2-methoxy-phenyh- (4-methyl-1H-imidazol-2-
yiymethyllisoindolin-1-one (0.280 g, 0.850 mmol), 1-methyl-4-{4-{4 4.5 S-tetramethyl-1,3,2-
dioxaborolan-2-yphenyhpiperidine (0.293 g, 0.975 mmol}, Pd{dpphCl, (0.024 g, 0.033
mmol} and potassium carbonate (0.271 g, 1.895 mmol) in dioxanewater (8.1, 5 mbL) was
heated at 100 °C for 18 h under nitrogen. After cooling, the reaction mixture was filtered, and
the filtrate was concentrated under reduced pressure, and purified by reverse phase HPLC
eluting with 0-100% ACN/water ACN/water (0.05% HCI medifier) to give the title compound
(0.2 g, 59%). M& m/z: 5253 [M+1]".

Step 8. 2-[{5-fluoro-2-hydroxy-phenvil-(4-methyl- 1H-imidazol-2-vbmethyli-8-[4-( 1-methyi-4-

piperidviiphenviliscindoiin-1-ons

To a solution of 2-[{5-fluoro-2-methoxy-phenyli-(4-methyl-1H-imidazol-2-yhmethyil-6-
[4-(1-methyl-4-piperidyt) phenyllisoindclin-1-one {0,150 g, 0.285 mmal) in dichicromethane
{15 mi) at 0 °C was added boren tribromide (0.713 g, 2.85 mmol). After stirring at room
temperature for 2 h, the reaction mixture was diluted with dichioromethane and poured into
ice-water. The agueous phase was extracted with dichioromethane three times. The
combined organic exiracts were washed with brine, dried over sodium sulfate, filtered and
concentrated under reduced pressure. The crude product was purified by reverse phase
HPLC eluting with 0-100% ACN/wsater containing 10 mM ammonium acetate to give the title
compound (0.088 g, 47%). 'H NMR (400 MHz, DMSO-ds) 8. 11.81-12.07 (m, 1H), 10.05 (br
5, 1H), 7.80-7.95 (m, 2H), 7.58-7.8 (m, 3H), 7.35 (d, 2H), 6.96-7.08 {m, 1H), 6.53-6.90 (m,
4H), 4.72 {d, 1H), 4.10 {(d, 1H), 2.89 (d, 2H), 2.53-2.57 {m, 1H}, 2.21 (s, 3H), 1.90-2.12 {m,
8H), 1.62-1.80 {m, 4H); MS nv/z 511.4 [M+1]".
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The following compounds were prepared by a similar method to Compound 085

from (5-fluore-2-methoxy-phenyh-(4-methyl- 1H-imidazol-2-yimethanamine and methyl 6-

(bromaomethyl}-3-chloro-2-flucrobenzoate:

7-Fluors-2-[{5-fluoro-2~hydroxy-
phenyl-(&-methyl- 1H-imidazol-2-
yviymethyi}-8-4-(1-methyl-4-
piperidyhphenyllisoindolin-1-one

No. | Structure / Name ez H NMR (DM30O-ds) &
(MY
093 — 529.5 11.87-12.068 {m, 1H}, 10.04 {br s, 1H), 7.65-

7.73 (m, 1H), 7.42-7.53 (m, 3H), 7.32-7.38 (m,
2H), 6.97-7.08 (m, 1H), 6.74-6 .88 (m, 3H),
B.72 (5. 1H), 4.73 (d, 1H), 4.08 (d, 1), 3.28-
3.32 (m, 1H), 2.83-2.93 (m, 2H), 2.20 (s, 3H),
2.05-2.18 {m, 3H), 1.82-2.02 (m, 2H), 1.81-
1.82 (m, 4H).

Compound 088 2-[(3-flucrophenyh-(4-methvi-1H-imidazol-2-viimethyl-8-14-{ 1-methyi-4-

piperidvhphenvilisoindolin-1-one

The litle compound was prepared in a similar manner {o Compound 085 from 2-methyl-N-

[(4-methyl-1H-imidazol-2-yhmethvienelpropane-2-sulfinamide and 3-flucrophenyimagnesium
bromide. 'H NMR (DMBO-ds) O 11.80-12.26 (m, 1H}, B.19 (s, 1H), 7.88-7.98 {m, 2H), 7.83-
7.7 {m, 3H), 7.41-7.48 {m, 1H), 7.37 {d, 2H), 7.15-7.23 (m, 1H), 7.02-7.12 (m, 2H), 8.72 (s,
H), 4.82 (d, 1H), 4.28 (d, 1H), 2.83-3.01 {m, 2H), 2.56-2.82 (m, 1H), 2.28 (s, 3H), 2.08-2.19

(m, 5H), 1.67-1.84 (m, 4H): MS m/z 495.3 [M+1]'

Compound 087 2-[{4 5-dimethyl-1H-imidazol-Z2-yD-(5-fluoro-2-hvdroxy-phenvimethvil-8-14-

{1-methyl-4-piperidyiphenylliscindolin-1-one

The titie compound was prepared in a similar manner to Compound 088 from 4,5-

dimethyl-1H-imidazole-2-carbaldehyde and 2-methylpropane-2-sulfinamide. 'H NMR
(DMSBO-de) & 11.75 (br s, 1H), 10.18 {br s, 1H), 7.84-7.88 {m, 2H), 7.58-7.70 (m, 3H), 7.38

120




10

15

20

WO 2021/096948 PCT/US2020/060001

(d, 2H), 8.98-7.08 (m, 1H), 8.80-8.91 {m, 2H), 8.72 (s, 1H), 4.69 (d, 1H), 4.13 (d, 1H), 2.89
(d, 2H), 2.45-2.49 (m, 1H), 2.21 (5, 3H), 1.94-2.12 {m, 8H), 1.63-1.84 (m, 4H); MS m/z. 525.3
[M+1]"

Compound 088 2-I{5-fluoro-2-hydroxy-phenvi)-(Z-methyil- 1 H-imidazol-5-vhmethyil-8-14-(1-

methyi-4-piperidviphenviliscindolin-1-one; dihvdrochioride

o NFW’

-

-
HO
“
)q

The title compound was prepared in a similar manner to Compound 085 from 2-

2HCH

=

methyl-1H-imidazole-5-carbaldehyde and 2-methylpropane-2-sulfinamide. 'H NMR (DMSO-
dsy & 10.54 (br s, 1H), 10.11 (br s, 1H), 7.88-7.98 (m, 2H), 7.82-7.75 (m, 3H), 7.33-7.44 (m,
3H), 7.05-7.15 (m, 1H), 6.87-7.01 {m, 2H), 8.75 (s, 1H), 4.54 (d, 1H), 4.22 (d, 1H), 3.49-3.52
(m, 2H), 2.99-3.12 (m, 2H), 2.70-2.91 {m, 4H), 2.54 (s, 3H), 1.94-2.10 (m, 4H); M5 m/z;
511.2 [M+1T

Compound 088 2-1{5-fluoro-2-hydroxy-phenvil-(5-methyl-4H- 1.2 4-triazol-3-yDmethyil-8-14-
{1-methyi-4-piperidyliphemyiliscindolin-1-ong:hydrochioride
Scheme 12

Step 1. 2-(6-bromo-1-oxo-isoindolin-2-vh-2-[5-fluoro-2-(methoxymethoxyiphenvil-
geetohydrazide
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To a solution of ethyl 2-(B-bromo-1-oxo-isoindolin-2-yi}-2-[5-fluore-2-
{methoxymethoxy-phenyijacetate {0.900 g, 1.98 mmol) in ethano! (30 mL) was added
hydrazine (0.818 mL, 19.7 mmol). After stirring at 80 °C for 16 h, the reaction mbdure was
concentrated under reduced pressure to give the title compound (0.75 g, 88%). 'H NMR
{(DMSBO-ds) & 9.62 (s, 1H), 8.92 (br s, 2H), 7.73-7.89 (m, 2H), 7.82 {d, 1H), 7.04-7 25 {m,
3H), 8.11 (s, 1H}, 5.02-5.20 (m, 2H), 483 (d, 1H), 3.88 (d, 1H), 3.19 (s, 3H); MS m/z: 438 .1
(M+1Y

Step 2. 8-bromo-2-[i5-flugro-2-(methoxymethoxyiphenvil-(5-mathvi-4H- 1.2 4-triazo-3-

viimethyllisoindolin-1-one

To a suspension of 2-(&-brome-1-oxo-isoindolin-2-y)-2-[5-fluoro-2-
{methoxymethoxy)-phenyllacetohydrazide (0.400 g, 0.912 mmol) and ethanimidamide
hydrochioride (0.258 ¢, 2.73 mmol in butanol (80 mL) was added potassium tert-butoxide in
THF (1 M, 2.73 mb, 2.73 mmol). The reaction mixture was heated at 120 °C for 16 h. After
cooling o room temperature, the reaction midure was pourad into water and extracted with
gthyi acetate three times. The combined organic exiracts were washed with water, brineg,
dried over sodium suifate, fikered and concentrated under reduced pressure. The crude
product was purified by silica gel column chromatography eluting with 0-10% methanol in
dichloromethane to give the title compound (0.185 g, 44%). 'H NMR (DMSO-de) & 13.63 {br
5, TH), 7.72-7.86 (m, 2H), 7.54 {d, 1H)}, 7.08-7.25 (m, 2H), 8.81-8.98 (m, 2H), 514 (d, 2H),
485 (d, 1H), 3.95-4.08 (m, 1H), 3.21 (s, 3H), 2.34 (g, 3H); MS nmy/z 461.0 (M+1T",

Step 3. 2-[[5-fluore-2-(methoxymethoxviphenyll-(5-methvi-4H-1.2 4-triazol-3-vhimethvil-6-14-
{(1-methvi-4-piperidyliphenviliscindolin-1-one

A mixture of 6-bromo-2-[[5-flucre-2-(methoxymethoxy}phenyll-(5-methyh-4H-1,2 4-
triazol-3-yhmethyllisoindelin-1-one (0100 g, 8.216 mmob), [4-(1-msthyipiperidin-4-
yviiphenyliborenic acid (0.057 g, 0.259 mmol}, Pd{dpphCl (C.018 ¢, 0.022 mmoal) and sodium
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carbonate (0.071 g, 0.648 mmol) in dioxane:water (4.1, 5 ml) was heated at 100 °C for 18 h
under nitrogen. After cooling, the reaction mixture was poured into water and exiracted with
gthyl acetate three times. The combined organic extracts were washed with water, bring,
dried over sodium sulfate, filtered and concentrated under reduced pressure. The crude
product was purified by silica gel column chromatography sluting with 15% methanol in
dichloromethane to give the title compound (.07 g, 58%). MS m/z: 558.3 [M+1}".

Step 4. 2-1{5-fluoro-2-hydroxy-phenvi-(5-methyl-4H-1,2 4-trigzol-3-viimethvil-6-i4-{ 1-methyl-

4-piperidvhiphenyllissindolin-1-one: hydrochlaride

HCI

The title compound was prepared in a similar manner to Example 876, step 4 from 2-
[[5-fluoro-2-{mesthoxymethoxy)phenyi}{&-methyl-4H-1, 2 4-trigzol-3-yhmethyl}-8-[4-{ 1-methyl-
4-piperidyhphenylliscindolin-1-one. 'H NMR (400 MHz, methanol-di) 8. 8.02 (d, 1H), 7.85-
7.93 {m, 1H), 7.80-7.88 (m, 3H), 7.41 (d, 2H), 7.03-7.10 {m, 2H), 6.87-8.99 (m, ZH), 4.76 (d,
1H), 4.24 {d, 1H), 3.84 {d, 2H}, 3.14-3.25 (m, 2H), 2.86-3.01 (m, 4H), 2.82 {s, 3H), 2.00-2.21
(m, 4H); MS mvz B12.4 Vi)

Example 10 Preparation of 3-({1H-Benzoidlimidazol-2-vi){phenvilmethi-85-fluoro-6-(4-(1-

methviniperidin-4-viiphenvlquinazolin-4(3H)-one 2 2 2-frifluoroacetate { Compound 003)
Scheme 13,

Stepd  HO NE "

— o E i /}\O i
x AN 803
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Sten 1. 8-Amino-3-bromo-2-flucrabenzoic acid

HOLC

A mixture of 8-amino-3-bromo-2-fluorchenzoniintle (2.56 mg, 11.8 mmol}, lithium
hydroxide monohydrate (4.99g, 118 mmwol} and water (70 mL) was heated al reflux for 1 h.
After cooling, the solution was treated with 6N HCl to pH 4. The resulting precipitate was
filtered, washed with water and dried to give the title compound (2.51g, 92%). "H NMR (500
MHz, DMS0-ds) d ppm 7.38 (dd, 1H) 6.57 (dd, 1H); M3 m/z 284.0 [M+1T

Step 2. 8-Brome-S-fluoroguinazolin-4{(3H)-one

A mixture of G-amino-3-bromo-2-fluorobenzoic acid (850 myg, 4.0 mmel) and
formamide (20 mL) was heated at 180°C for 8 h. After cooling, the reaction mixiure was
poured into water (100 mb) and exiracted thres times with EtQOAc. The combing organic
extracis were washed saturated brine, dried over MgSQ,, filtered and concentrated under
reduced pressure. The residue was purified by silica gel flash chromatograph eluting with O-
35% EtOAC in hexane to give the title compound (490 mg, 50%;). 'H NMR (500 MMz, DMSO-
de) d ppm 813 (d, TH) 8.05 (dd, 1H) 7.45 {dd, 1H); MS mv/z 241.9 [M+1]"

Step 3. Meathvi 2-(8-bromo-5-fluoro-4-oxoguinazalin-2{(4Hi-vi-2-phenyvlacetaie

Yoe
N
Mel™ ™ I Br

Mathy! 2-bromoe-2-phenylacetate (349 mib, 2.2 mmol} was added o 6-bromo-5-
fluorogquinazolin-4(3H}-one (440 mg, 1.8 mmol) and Cs,C05(1.20 g, 3.7 mmoi) in DMF (3

mL}, and the midure was heated to 30°C for 1 h. After cooling, the reaction mixture was

poured into water {250 ml) and exiracted with EtOAcC thres times. The combined organic
extracts were washed with saturated brine, dried over MgSQy, filtered and concentrated
under reduced pressure. The residue was purified by silica gel flash chromatography,
eluting with 0-30% EtOAc in hexane to give the title compound (290 mg, 39%). "H NMR (500
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MHz, CDCls-¢) d ppm 7.82-7.91 (m, 2H) 7.45-7.52 (m, 3H) 7.33-7.43 (m, 3H) 6.72 (s, 1H)
3.88 (s, 3H); MS m/z: 390.0 [M+1]-

Step 4. 2-(5-Fluore-8-{4-{ {1-methvipiperidin-4-yviiphemnyh-4-oxoguinazolin-3{(4H-yi-2-

phenviacetic acid

The title compound was prepared in a similar manner to Example 9, step 5, from
methyl 2-(8-bromo-5-fluoro-4-oxoquinazolin-3{(4H)-yh-2-phenylacetate and 1~-methyl-4-(4-
(4,4,5 5-tetramethyl- 1,3, 2-dioxaborolan-2-yijphenyl)piperidine. 'H NMR (500 MHz, DMS30-
ds} dppm 8.35 (br s, 1H) 8.11 (s, 1H) 7.94-7.98 (m, 1H) 7.60 (m, 3H) 7.52-7.58 (m, 2H)
7.43-7.51 (m, 3H) 7.40 (m, 2H) 8.49 {5, 1H) 3.86 {d, 2H) 3.06-3.16 (m, 2H) 2.84 (d, 4H} 2.05-
243 {m, 2H) 1.80-1.93 (m, 2H); MS nmyz 472 .2 [M+1T

Step 5. 3-{{1H-Benzoldlimidazol-2-vD {phenyhmethyl-5-fluoro-6-(4-(1-methylpiperidin-4-
vilphenyhouinazolin-4(3Hi-one 2 2 2-irifluoroacetate (Compound 803

..... QN,EL\\/'\J TFA
Ho
,;,j c ™
~ N

The title compound was prepared in a similar manner to Example 9, step §, from 2-
{5-Buore-6-{4-{ T-methyipiperidin-4-yi) pheny}-4-oxoquinazolin-3{4H-yi}-2-phenviacstic acid.
TH NMR (500 MHz, DMSC-ds) d ppom 9.28 (br s, 1H) 8.32 (s, 1H) 7.94-8.03 {m, 1H) 7.56-
7.84 {m, 5H) 7.54 (s, 1H) 7.44-7 49 (m, 3H) 7.35-7.42 (m, 4H) 7.17-7.29 {m, 2H) 3.50-3.58
{m, 2H) 2.04-3.16 (m, 2H) 2.84 {m, 4H} 2.04-2.13 (m, 2H) 1.79-1.93 {m, 2H}; MS m/z 5443
(M+17"
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Exampie 11: Preparation of Intermediates
Schame 14,

& A~ Foooo N

F i
i [ Stap 1 i /) Step 2 T ‘\\,)
-y
r /
Br Br B

el Ly
Step 3 A S Step 4 E)%\Y J
JSNERE— E e e H

O\S I / O\B/J/\;/I
P é

Pad —‘—(J)
» !

5 Step 1. 4-(4-Bromo-2-flucro-phenvl- 1-methvi-piperidin-4-ol

F N~

Br
To a solution of 4-brome-2-flucro-1-indo-benzene (24.0 g, 79.7 mmol) in THF (400

ml) at -70 °C was added dropwise n-butyllithium (2.5 M in hexane, 31.9 mL, 79.7 mmol).

After stirning at -70 °C for 30 min, a selution of T-methylipiperidin-4-one (8.01 g, 78.7 mmob
10 in THF (20 mi) was added dropwise. After stirring at -70 °C for 1 h, the reaction mixture was

poured inte sat. ammonium chioride solution and extracted with sthyl acetate thres 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 sluting with 5-68% ethyi acetate in petroleum ether 1o give the title
15 compound (13.0 g, 57%). MS mv/z: 288.8 [M+1}".

Step 2. 4-(4-Bromo-2-flucre-phenyh-1-methvi-3,6-dihydro-2H-pyridine

A mixure of 4-(4-bromo-2-fiuoro-phenyh-1-methyl-piperidin-4-ol (13.0 g, 45.1 mmol)
20 and 6 M HCH(70 mL) was heated at 85 °C overnight. After cooling o room temperature, the
regction mixture was poured into water, adjusted to pH 8 by sat. sodium bicarbonats and
extracted with ethyl scetate three imes. The combined organic extracis were washed with
bring, dried over sodium sulfate, filtered and concenirated under reduced pressure. The
crude product was purified by silica gel column chromatography eluting with 5-68% ethyl
25  acetats in petroleum sther to give the title compound (4.0 g, 31%). MS m/z: 271.7 [M+11
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Step 3. 4-[2-Fluore-4-{4. 4.5 5-tetramethyi-1.3 2-dioxaborolan-2-vhphenyvil-1-methyl-3.8-

dihvdro-2H-pyridine
F N~
e
0. 5- L

i

A mixture of 4-(4-bromo-2-fiuoro-phenyl)- 1-methyl-3,6-dihvdro-2H-pyridine (3.00 g,
11.1 mmaol), 4,4,5, 5-tetramethyl-2-(4.4,5 B-tetramethyl- 1,3, 2-dioxaborolan-2-y)-1,3,2-
dioxaborolane (2.81 g, 11.1 mmol,
[1, 1-bis(diphenylphosphinc)ferrocene]dichloropaliadium(ll) (0.812 g, 1.11 mmaol), potassium
acetate (3.26 g, 33.3 mmol) and dicxane (30 mL) was degassed under nitrogen twice. The
reaction mixture was heated at 90 °C for 16 h. Afler codling to room temperature, the
reaction mixture was poured into water 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 5-50% ethyl acetale in petroleum ether to give the title
compound (3.0 g, 85%). "H NMR {400 MHz, methanol-ds) &: 7.49 (dd, 1H), 7.27-7.40 (m,
2H), 6.01-8.03 (m, 1H}, 3.18-3.21 {m, 2H), 2.72-2.80 (m, 2H) 2.57-2.85 (m, 2H), 2.43 (s, 3H}
1.30-1.38 {m, 12H).

Step 4. 4-12-Flucro-4-{4 4.5 S-tetramethvi-1.3 2-dioxaborolan-2-vhohenvil-1-methyi-
piperiding

-

To a solution of palladium (10% on carbon, 1.10g, 0.845 mmol} in methanol (200 mL)
was added 4-[2-fluore-4-(4,4,5, 5-tetramethyl- 1,3, 2-dioxaborolan-2-yliphenyil- 1-methyi-3,6-
dihydro-2H-pyridine (3.00 g, 8.45 mmol). The flask was evacuated and backfilied with
hydrogen and the reaction mixture was allowed to stir at 30 °C under an atmosphere of
hydrogen (30 psi) for 16 h. The reaction mixture was fillered through a pad of Celite which
was washed several times with methanol. The filtrate was concenirated under reduced
pressure to give the title compound (2.7 g, 85%;). 'H NMR (400 MHz, methanol-d,) 6. 7.48
(d, 1H), 7.268-7.38 (m, 2H), 3.00-310 {m, 2H), 2.83-2.98 {m, 1H), 2.37 {5, 3H), 2.18-2.31 {m,
2HY, 1.78-1.89 {m, 4H), 1.27-1.38 {m, 12H).
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Schame SM-1

Step 1, 3-methyil-8-14-(4 4.5 S-tetramethvi-1,3 2-dioxaborolan-2-viiphenvil-3-azabicyclo-
[4.1.0lheptane

-
/"\.N/

e

<
Q’I -

Oug s

1
To a solution of diethylzine {1 M in hexanes, 10.0 mL, 10.0 mmol} in dichioromethane (5 mL)}
at 0 °C was added diicdomethane (2.67 g, 10.0 mmol). After stirring at the same
temperature for 0.5 h, a solution of 4-{1-methyl-1,2,3,6-tetrahydropyridin-d-yliphenylboronic
acid pinacol ester (0.500 g, 1.67 mmol) in dichloromethane (5 mL) was added dropwise to
the reaction mixture. After stirring at room femperature for 18 h, the reaction mixture was
pourad into sal. ammonium chioride solution and extracted with ethyl acetate three times.
The combined organic exiracts 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 5-50% ethyl acefate in peiroleum ether 1o give the title
compound {(0.310 g, 59%). ME nvz: 314.2 [M+17"

Schame SM-2

Step 1. 5-ethyl-6-iodo-3H-guinazolin-4-cne

B
HN : \rf,«;,k\
186

To a solution of B-amino-2-ethyl-3-iodobenzoic acid (3.50 g, 12.0 mmol) in ethanol
(7¢ mL) was added formamidine acetate (5.94 ¢, 57.1 mmol) and the reaction mixture was

heated at 95 °C for 6 h. After cooling to room temperature, the resulting solid was collected
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by filtration and washed with ethanol to give the title compound (2.10 g, 58%). TH NMR
(DMSO-de) 8. 818 (d, 1H), 8.08 (s, 1H), 7.26 (d, 1H), 3.41-3.58 (m, 2H}, 1.04-1.18 (m, 3H).

Exampie 12: Preparation of 2-({ 1H-henzofdlimidazoi-Z2-yi){&-fluoro-2-tidroxyphenyviimethyi-

di-8-{4-(1-methyipiperidin-4d-yliiphenyliscindoiin- 1-one (Compound 038)

Scheme 15.

2-{{1H-Benzo[djimidazol-2-yl}(5-fluoro-2-hydroxyphenyl)methy-6-(4-(1-
methyipiperidin-4-yiiphenyl) iscindolin-1-one (101 mg, ¢.185 mmol} was stirred in CD.0D

{10 g} and D0 {1 mL} to give a heterogensous mixture. Formic acid (40 ul., 1.07 mmal) was
then added and the resulting solution was stirred overnight. After 18 hours, 'H NMR
{methanol-ds) of the reaction solution indicated ~50% incorporation of deuterium on the
methine carbon based on the integration area of methine peak @ 7.16 ppm. The reaction
was heated to 50 °C and stirred for an additional 8 hours, with 'H NMR (methanol-ds)
indicating >20% incorporation of deuterium. Additional formic acid 40 ul formic acid (1.07
mimol) was added and the reaction stirred at 50 *C with stirring under a nitrogen atmosphere
for another 6 hours. 'H NMR (methanol-ds) indicated 100% incorporation of deuterium on the
methine carbon. A solution of DCEH {100 ul, 35 weight % in D.,0) was added to the reaction
solution. Afier 10 minutes, the reaction solution was concentrated, and the residues was
dried under vacuum overnight to give 96 mg of a white solid.

The crude product was purified by silica chromatography, eluting with 100% ethyl
acstate {0 60% ethyl acetate/40% [10% (28% ammonia in water)/90% MeOH] to give the title
compound as a white powder. 'H NMR (400 MHz, methanol- d4) 6: 8.02 (s, 1H), 7.84-7.90
{m, 1H), 7.52-7.83 (m, 5H), 7.33-7.38 {m, 2H), 7.20-7 .27 (m, 2H), 6.97-7.05 (m, 1H), 6.85-
8.91{m, 1H), 8.73-86.79 (m, 1H), 4.78 (d, 1H), 4.26 (d, 1H), 2.99-3.08 {m, 2H), 2.58-2.88 {m,
1H), 2.35 (s, 3H), 2.21 {m, 2H), 1.77-1.84 {m, 4H); MS m/z: 548.3 [M+1]+.

Compounds 037 and 938 were prepared foliowing the procedure of Example 12. The
crude product was then purified to separate enantiomers using & Chiralpak 1A (1250 mm &
rmicron) column eluting with 45% (0.3% TEA in MeOH) / 55% CO; at Back Pressure
Regulator (BRFR) value of 10 MPa and flow rate of 10 mi/min on 3 Jasce semi-prep SFC.
Absolute configuration of the chiral center for each isolated enantiomer is unknown. First
aluting peak (27.4 mg, 27%); 'H NMR (400 MHz, methanol-d,) 8: 8.02 (s, 1H), 7.84-7.90 (m,
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1HY, 7.52-7.63 (m, 5H), 7.33-7.39 (m, 2H), 7.20-7.27 (m, 2H), 6.97-7.05 (m, 1H), 6.86-6.91
(m, 1H), 6.73-6.79 (m, 1H), 4.76 (d, 1H), 4.26 (d, 1H), 2.99-3.08 (m, 2M), 2.56-2.66 (m, 1H),
2.35 (s, aH), 2.21 (m, 2H), 1.77-1.94 (m, 4H); MS m/z: 548.3 [M+1]. Second eluting peak
(31 mg, 28%); 'H NMR (400 MHz, methanci-ds) & 8.02 (s, 1H), 7.84-7.89 (m, 1H}, 7.52-7.64
(m, 5H), 7.36 (d, 2H), 7.20-7.27 (m, 2H), 6.96-7.08 (m, 1H), 6.86-6.92 (m, 1H), 6.74-6.79 (m,
1H), 4.78 (d, 1H), 4.27 (d, 1H), 3.00-3.09 (m, 2H), 2.56-2.68 (m, 1H), 2.36 (s, 3H), 2.23 {m,
2H), 1.78-1.94 (m, 4H); MS m/z 548.3 [M+17",

Example 13: Precaration of 2-{(1H-Benzoldlimidazol-2-yh (5-fluoro-2-hydroxychemd methyl-
-8-(4-(-methylpiperidin-4-yhphenyllisoindolin-1-one-3,3-d: (Compound 83%)
Scheme 16.

2-{{1H-Benzojdlimidazol-Z2-yl)(5-fluoro-2-hydroxyphenyl) methyi)-6-(4-(1-
methyipiperidin-4-yhiphenyl) iscindolin-1-one (24.5 mg, 0.047 mmol) was stirred in C0:0D (1
g). D0 (0.5 mL) and sodium carbonate (9.84 mg, 0.083 mmol) were added and the mixture
was stirred in a sealed vial at 50 °C for 18 hours. 'H NMR of the reaction mixture {methanol-
dy) indicated >95% incorporation of deuterium on the methine cambon, based on integration
agrea of the mething peak @ 7.18 ppm as wall as ~60% incorporation of deuterium on the
tactam methylene carbon. The reaction was stirred at 80 °C for an additional 48 hours. 'H
NMR of the reaction mixiure (methanol-ds) indicated complete deutsration of both the
methine carbon and the lactam methyiene carbon. The reaction was cooled o room
temperature then a solution of 35 weight % DCIin D0 (50 uk, 0.48 mmol) was added. Afier
stirring a few minutes, the reaction was concentrated and the residue purified by silica
chromatography, sluting with 100% DCM to 100% (10% 7N NH3 in MeOH/DCM) to give the
titte compound (18 mg, 70%) as a white powder. 'H NMR (400 MMz, DMSO-ds) 8 ppm 12.08
S13A (m, THYQT2-1071 {(m, tH) 786-7.92(m 2H)760-7868(m, 3H) 7.52((brs, 2
H) 7.35 (d, =819 Hz, 2H} 717 (brdd, /=581, 3.00Hz, 2H) 7.01- 711 {m, 1 H) ) 6.81 (dd,
J=8.80, 477 Hz, 1 H) 6.80 (dd, J=9.41, 3.068 Hz, 1 H) 3.05-3.21 (m, 1 H) 2.87 (br d,
JE1128Hz 2H) 1.87-2068 (m, 2H) 219 (s, 3 H) 1.62 - 1.81 (m, 4 H); M8 m/z 550.3
[M+171
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Exampie 14: 2-f1H-benzimidazol-2-vi-{8-fluoro-2-hvdroxy-phenviimethv]-8-f4-{ 2-(dimethvi-

aminolethoxyiphenviliseindolin- 1-one:hvdrochioride (Compound 049)

Scheme 17
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\_4 E\H x\(\ 7 steps

To a solution of 1H-1,3-benzodiazoie-Z-carbaldehyde (75.0 ¢, 513 mmeol) and 2-
methyl-2-propanesulfinamide (93.2 g, 769 mmel) in THF (1 L) was added fitanium (V)
athoxide (175 g, 788 mmol}. After stirring at 75 °C for 16 h, waler was added and the
reaction mixiure was extracted with ethyl acetate three fimes. The combined organic exiracts
were washed with brine, dried over sodium sulfate, filtered and concentrated under reduced
pressure. A solution of ethyl acetate and petroleum ether (1/1) was added 1o the residue and
the resulting solid was isolated via filtration to give the title compound (85 g, 51%). "H NMR
(400 MHz, CDClL) 810,82 (s, 1H), 8.70-8.91 (m, 1H), 7.88 {d, 1H), 7.53 (d, 1H), 7.37 (dd,
2H), 1.19-1.32 {m, 9H).
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Sten 2. N-[1H-banzimidazol-2-vi-[5-fluoro-2-(methoxymethoxyiphenviimethyil-2-mathyl-

propana-2-sulfinamide

To a solution of 2-bromo-4-fluoro-1-(methoxymethoxyibenzene (84.8 g, 3680 mmol) in
THF (800 mi) at -85 °C was added dropwise n-butyllithium (2.5 M in hexane, 158 mL, 388
mmol}. After stirring at -65 °C for 20 minuies, the reaction mibdure was cannulated fo a pre-
cooled (-85 °C) solution of N-(1H-benzimidazol-2-yimethyleng)-2-methyl-propane-2-
sulfinamide (45.0 g, 180 mmol} in THF {1100 ml}. After stirring at -85 °C for 40 minutes, the
reaction mixiure was allowed to warnm to 15 °C. The reaction mixture was guenched by
saturated ammenium chioride solution 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 33-100% ethyl acetate in petroleum ether to give the title
compound {40 g, 38%). "TH NMR (400 MHz, CDCL) & 11.28 (s, 1H), 7.32-7.77 (m, 2H), 7.14-
7.23 (m, 3H), 710 (dd, 1H), 8.87-7.02 (m, 1H), 5.96 (d, 1H), £.13 (d, 1H}, 4.93-5.05 {m, 2H},
3.29 (s, 3H}, 1.27-1.41 (m, SH).

Step 3. 1H-benzimidazol-2-yi-I5-fluore-2-{methoxymethoxyviphenviimethanamine

To a solution of N-[1H-benzimidazol-2-yi-[5-fluoro-2-
{methoxymethoxylphenylimethvil-Z-methyl-propane-2-sulfinamide (30.0 g, 73.9 mmol) in
methano! (600 mL) was added HCH in dioxane (4 M, 55.2 mL, 221 mmol) at 0 °C. After
stirring 15 h at rcom temperaiure, the reaction mixture was diluted with water and adjusted
to pH 8 by saturaied sodium bicarbonate solution. The agusous phase was exiractad with
sthyi acelate three times. The combined organic extracts were washed with bring, dried over
sodium sulfate, filtered and concentrated under reduced pressure 1o give the title compound
(30.0 g, quant.}. "H NMR (400 MHz, CDCls) 8. 7.56 (s, 2H), 7.19-7.28 (m, 2H}, 7.06-7.12 (m,
2H), 8.89-8.97 {m, 1H), 5.84 {s, 1H), 5.12 (d, 2H), 3.32-3.41 {m, 3H). MS nm/z 302.3 {M+1]".
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Sten 4. 2-[1H-benzimidazol-2-vi-[5-fluoro-2-(methoxymethoxyiphenviimethyil-8-bromo-

isoindolin-1-one

To a solution of TH-benzimidazol-2-yl-[5-fluoro-2-
{(methoxymethoxyiphenyllmethanamineg (23.0 g, 76.3 mmol) in DMF (250 ml) was added
DIPEA {(37.5 mi, 228 mmol). The reaction mixiure was slirred at room temperature for 5 min
and then methyl 5-bromo-2-{bromomethyl)-benzoate (28.1 ¢, 91.5 mmol) was added. The
reaction mixture was heated at 80 °C for 18 h. After cocling to room temperature, the
reaction mixture was poured into water and extracted with ethyl acetate three times. The
combined organic exiracts were washed with water, brine, dried over sodium sulfate, fikered
and concentrated under reduced pressure o give the title compound (28.5 g, 78%). "H NMR
(400 MHz, DMSO-ds) &: 12.69 (s, 1H), 7.87 (d, 1H), 7.80 (dd, 1H), 7.54-7.64 (m, 2H), 7.47
(d, 1H), 7.13-7.25 (m, 4H), 7.09 (5, 1H), 6.92 (dd, 1H), 5.10-5.22 (m, 2H), 4.74 (d, 1H), 4.17
{d, 1H3}, 3.14-3.23 (m, 3H); M3 m/z: 4881 [M+1]

Step 5. Z-[1H-benzimidazol-2-vi-[5-flugrg-2-{methoxymethoxyiphenvlimethvil-6-14-2-

{dimethviaminglethoxyiphenviliscindelin-1-one

A mixture of 2-[1H-benzimidazol-2-yl-[5-fluoro-2-(methoxymethoxy)phenylimethyl]-6-
bromo-isoindolin-1-one (160 mg, 0.322 mmol), N-[2-{dimethylaming)ethyl]-N-meathyi-4-
{4,4,5 5-tetramethyl-1,3 2-dioxaborolan-2-vhaniline {132 mg, 0.438 mmol), sodium carbonate
{B9.0 mqg, 0.840 mmol) and dioxane/water (5 mL, 4/1) was degassed under nitrogen twice.
[1, 1-bis{diphenviphosphinoiferroceneldichioropalladium(il), complex with dichloromethane
{41.1 mg, 0.050 mmol) was added and then the reaction mixiure was degassed under
nitrogen once more. The reaction mixture was heated at 100 °C for 2 h. After cooling to
room temperature, the reaction mixiure was poured into water and extracted with ethyl
gcefate three times. The combined organic exiracts were washead with brine, dried over
sodium sulfate, fillered and concentrated under reduced prassure. The crude product was
purified by reverse phase HPLC eluting with 0-55% ACN/Awater containing 0.1% formic acid
to give the title compound (101 mg, 53%). 'H NMR (400 MHz, methanoi-¢) & 8.00 {s, 1H),
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7.84 {dd, 1H), 7.51-7.64 (m, SH), 7.19-7.27 (m, 4H), 7.09-7.17 (m, 1H), 7.05 (d, 2H), 6.86
(dd, 1H), 5.06-5.19 (m, 2H), 4.70 {(d, 1H), 4.28 (d, 1H), 4.16 (m, 2H), 3.20 (s, 3H), 2.80 (m,
2H), 2.36 (s, 6H), MS m/z: 581.3 [M+1]".

Step 8. 2-[1H-benzimidazol-2-vi-(5-fluoro-2-hvdroxy-pherymethvil-8-[4-12-(dimethviamino)-

ethoxyviphenvilisoindolin-1-one: hvdrochloride (Compound 840)

To a solution of 2-[1H-benzimidazol-2-y-[5-fluoro-2-
{(methoxymethoxyphenylimethyl]-6-[4-[2-(dimethylamino)ethoxylphenyilisoindolin-1-one
{0.108 g, 0.185 mmol} in dichloromethane (3.97 mL} was added HCI in dioxane (4 M, 0.462
mi., 1.85 mmol}). After stiring 1 h ai room temperature the solvent was removed under
reduced pressure. Diethyl ether was added to the residue and the resulting solid was
isolated via filtration to give the title compound (31 mg, 86%). 'H NMR {400 MHz, DMSO-ds)
8. 10.37 (br s, 1H), 10.22 {br s, 1H), 7.83-7.89 (m, 2H), 7.60-7.88 {m, 5H), 7.34-7.45 (m, 2H),
7.01-7.13 (m, 5H), 8.94 (dd, 1H), 4.71(d, 1H}, 4.35 (1, 2H), 4.18 (d, 1H), 3.42-3.48 (m, 2H),
279 (d, 8H);, MS m/z: 537 .3 [M+1]".

Example 15; 2-[1H-benzimidazol-2-vi-{5-fluoro-2-bvdroxy-phenvllmethyil-6-{d-{ 1~
methviazetidin-3-vhphenvilisoindalin-1-cne {Compound $48)

Scheme 18

Step 4
B —
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Sten 1. fert-buty! 3-14-12-I1H-benzimidazol-2-vi-[5-fluoro-2-{methoxymethoxyiphenviimethvil-

3-oxo-isgindolin-5-yilphenvllazetidine- 1-carboxylate

A miture of 2-[1H-benzimidazel-2-yl-[5-fluore-2-{methoxymethoxyphenviimethyl]-6-
brome-isoindolin-1-one (191 mg, 0.384 mmol), tert-butyl 3-[4-{4 4,5 5-tetramethyl-1,3,2-
dioxaborolan-2-ylyphenvil- 1-azetidinecarboxylate (158 mg, 0.441 mmol), sodium carbonate
{105 mg, 0.920 mmol) and dicxane/water (8 mb, 4/1) was degassed under nitrogen twice.
{1, 1-bis(diphenylphosphino)ferrocenaldichioropaliadium(il), complex with dichloromethane
(862.7 myg, 0.077 mmol) was added and then the resclion mixiure was degassed under
nitrogen once more. The reaction mixture was heated at 100 °C for 1 h. After cooling to
room temperature, the reaction mixiure was poured into water and exiracted with ethyl
acetate three times. The combined organic exiracts were washed with brine, dried over
sodium sulfate, filtered and concenirated under reduced prassure. The crude product was
purified by silica gel column chromatography eluting with 0-75% ethyl acetate in hexanes to
give the title compound (184 mg, 88%). "H NMR (400 MHz, methanocl-ds) 8: 8.08 (5, 1H),
7.89-7.98 (m, 1H), 7.88-7.75 (m, 2H), 7.45-7.87 (m, BH), 7.21-7.31 (m, 4H), 7.12-7.18 (m,
1H), 6.86-6.93 (m, 1H), 5.12-519 (m, 2H), 475 (d, 1H), 4.38-4.45 {m, 2H), 4.33 (d, 1H),
3.08-4.04 (m, 2H), 3.90 (d, 1H), 3.23 (s, 3H), 1.50 (s, 8H); MS m/z 649.3 M+1]".

Step 2. B8-[4-(azetidin-3-viphenyll-2-[1H-benzimidazol-2-yi-[5-flucro-Z-imethoxymethoxy)-

phenyllmethyvllisoindolin-1-one

Qo o0
/O\/O\I/ Xy ‘

To a solution of teri-butyl 3-[4-[2-[1H-benzimidazol-2-yl-[5-fluoro-2-

{(methoxymethoxy)-phenylimethyl]-3-oxo-isoindaolin-5-vijphenyllazetidine-1-carboxylate (164
mg, 0.252 mmol) in dichloromethane (5 mb) was added sthanol (V3.5 pl, 1.26 mmol) and
zinc bromide (283 mg, 1.28 mmol). After stirring overnight at room temperature, the reaction
mixture was added {0 a mixiure of 1N NaOH solution and methanol and the resulting solid
was isolated via filtration to give the litle compound (44 mg, 32%). MS m/z: 549.3 [M+17".
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Sten 3. 2-[1H-benzimidazol-2-vi-[5-fluoro-2-(methoxymethoxyiphenviimethyll-8-i4-(1-methyl-

azetidin-3-yhphenvlliscindolin-1-one

To a solution of 6-[4-(azetidin-3-yiiphenyll-2-[1H-benzimidazol-2-y[5-fluoro-2-
{methoxymethoxyiphenylimeathylliscindolin-1-one (45 mg, 0.082 mmeol} in methano! (0883
mL) was added formaldehyde (37% in water, 60.8 yl, 0.164 mmol} The reaction mixture
was stirred at room temperature for 5 min and then sodium cyanoborohydride {(10.3 mg, 81.5
mmol} was added. The reaction mixdure was stirred at room temperature for 5 h. The
reaction mixture was guenched with saturated sodium bicarbonate solution and extracted
with ethyl acetale three fimes. The combined organic extracts were washed with water,
brine, dried over sodium sulfate, filtered and concentrated under reduced praessure. The
crude product was purified by reverse phase HPLC eluting with 10-100% ACN/water
containing 0.1% formic acid to give the title compound (14 mg, 30%). "H NMR (400 MHz,
methanol-dy) & 8.57 (s, 1H), 8.07 (d, 1H), 7.89-7.96 (m, 1H), 7.53-7.74 {(m, 5H), 7.44-7 49
{m, 2H), 7.22-7.28 {m, 4H), 7.10-7.18 {m, 1H), 8.85-8.91 (m, 1H), 5.13-5.18 {m, 2H), 4.75 {d,
1H), 4.33 {d, 1H}, 4.04-4.14 {m, 2H), 3.81-4.03 {m, 1H), 3.58-3.73 {m, 2H}, 3.23 (s, 3H}, 265
{5, 3H); MS m/z 583.3 [M+1]°.

Step 4. 2-[1H-benzimidazol-2-vi-(5-flucre-2-hyvdroxy-phenylimethvil-8-[4-{1-methvilazetidin-3-

viiphenviiisoinddlin-i-ons (Compound 04S)

Qe -0
j;f
HO
i \i

g

To a solution of 2-[1H-benzimidazol-2-yi-[5-fluoro-2-

{methoxymethoxy)phenylimethvi]-&-[4-{1-methyiazetidin-3-yl)phenyiliscinddlin-1-one (14.0
mg, 0.0248 mmol) in dichloromethans (1 ml) was added HClin dioxane (4 M, 82.0 ul,
0.248 mmaol). After stirring overnight at room temperature, the solvent was removed under
reduced pressure. The crude product was purified by reverse phase HPLC eluting with 10-
100% ACNAwater containing 0.1% formic acid o give the title compound (3 mg, 23%). H
MNMR (400 MHz, methanol-dy) O 8.06 (s, 1H), 7.88-7.94 (m, 1H}, 7.68-7.74 {m, 2H), 7.63-
7.87 (m, 1H), 7.52-7.681 (m, 2H), 7.44-7.51 {m, 2H), 7.23-7.289 (m, 2H}, 716 (s, 1H), 7.00-

136



WO 2021/096948 PCT/US2020/060001

7.07 {m, 1H), 8.88-8.95 {m, 1H), 8.75-86.81 (m, 1H), 4.74-4.82 (m, 1H}, 4.20 (d, 1H), 4.09-
4,19 {rn, 2H), 3.94-4.08 (m, 1H}, 3.70-3.80 (m, 2H}, 2.70 (s, 3H); MS mvz: 518.2 [M+1}

Example 16: 2-[1H-benzimidazol-2-vi-(5-fluoro-Z2-hydroxy-phenybmethyll-8-[4-(1-

5 methylazetidin-3-viioxyphenviliscindolin-1-one: dihvdrochioride (Compound 858

Scheme 19
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Step 1. 2-[1H-benzimidazoi-2-v-[5-fluorg-2-(methoxyvmethoxyiphenviimethyil-6-(4 4 5 5-

10 tetramethyl-1.3 2-dioxaboerolan-2-yhiscindelin-1-one

T e R
L
A mixiure of 2-[1H-benzimidazol-2-vi-[5-fluoro-2-(methoxymethoxy)phenylimethyl]-6-
bromo-isoindolin-1-one (6.30 g, 12.6 mmol), bis(pinacolato)diboron (3.18 g, 12.6 mmol),
potassium acetate (3.70 g, 37.8 mmol) and dioxane (160 ml) was degassed under nifrogen
15 twice. [1,1-bis{diphenyiphosphinoiferroceneldichioropaliadiumdll), complex with
dichloromethane (0.921 mg, 1.26 mmol} was added and then the reaction mixture was
degassed under nitrogen once more. The reaction mixture was heated at 100 °C for 12 h.
After cooling to room temperature, the reaction mixiure was filtered through a pad of Celite.
The filtrate was concenirated and tnfurated with a mixture of ethyl acetate and petroleumn
20 ether (1/1) to give the fifle compound (5.10 g, 75%). "H NMR (400 MHz, CDCls) & 11.78 (br
s, 1H), 8.17 (s, 1H), 7.89 (d, 1H), 7.75 (s, 1H}, 7.35-7.47 {(m, 2H), 7.16-7.28 (m, 4H}, 6.84
{dd, 2H), 4.75-4.83 (m, 2H}, 469 (d, 1H), 445 {d, 1H}, 2.88 (s, 3H}, 1.33 (d, 12H); MS m/z
544 1 [M+17
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Sten 2. 2-[1H-benzimidazol-2-vi-[5-fluoro-2-(methoxymethoxyiphenviimethyil-8-i4-(1-

methviazelidin-3-vloxyphenyllisoindolin-1-one

A mibdure of 2-[1H-benzimidazol-2-vi-[B-fluoro-2-{methoxymethoxyiphenylimethyil-6-
(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-vhisoindolin-1-one (0.308 g, 0.568 mmol}, 3-(4-
iodophenoxy)-t-methylazetidine (0.150 g, 0.518 mmol}, potassium carbonate (0.215 g, 1.55
mmol} and dioxans/water (6 mbL, 10/1) was degassed under nifrogen twice.

1, 1-bis{diphenyl-phosphino)ferrccenaldichioropaliadium(il), complex with dichioromethane
{75.3 mg, 0.259 mmol) was added and then the reaction mixture was degassed under
nitrogen once more. The reaction mixiure was heated at 105 °C for 4 h. After cooling to
room temperature, the reaction midure was poured into water and extracted with ethyl
gcetate 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 11% methanol in dichloromethane
to give the title compound (150 mg, 50%) MS m/z: §79.1 [M+1]"

Step 3. 2-[1H-benzimidazol-2-v-{5-fluoro-2-hydroxy-phenyimethvil-6-14-(1-methvlazetidin-3-

viioxyphenvilisgindolin-1-onedihvdrochioride (Compound 858)

2HCI

To a solution of 2-[TH-benzimidazol-2-y[5-fluoro-2-
{(methoxymethoxyphenylimethyl]-6-[4-(1-methylazelidin-3-yoxyphenyilisoindalin-1-one
(0.15C g, 0.258 mmol} in dioxane (5 mL) was sdded HCl in dioxane 4 M, 3.0 mL, 12.0
mmol}. After stirring 3 h at room temperature, the solvent was removed under reduced
pressure. The crude product was purified by reverse phase HPLC eluting with 0-100%
ACN/water (0.05% HCl modifier) to give the title compound (22 mg, 15%). 'H NMR (400
MMz, DMSO-ds) 8: 10.59-10.98 (m, 1H), 10.28 (br 5, 1H), 7.91-7.98 (m, 2H), 7.67-7.77 (m,
8H), 7.46 (s, 2H}, 7.07-7.22 {m, 3H}, 8.86-7.05 (m, 3H)}, 5.02-5.30 {m, 1H), 4.70-4.84 {m,
2H), 4.38-4.47 (m, 1H), 4.22-4 33 {m, 2H}, 4.04-412 {m, 1H}, 2.92 (m, 3H); MS m/z: 535.2
IM+17
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The following examples were prepared by a similar method o Example 14 from 2-{1H-

benzimidazol-2-yi-[5-flucro-2-(methoxymethoxyphemnyiimethyli-8-bromo-isoindolin- 1-one

and the corresponding boronate starting materials:

No. | Structure / Name mz H NMR (DMSO-db) 6 Starting
M+11* materials
057 | /N /@ _____ PN =N [ B18.2 | 8.05-8.20 (m, 2H), 7.82-7.97 N-RiA
|\ /Mﬁi ' Q <\/”“H (m, 2H), 7.67-7.75 (m, 5H), \?
o f\ 7.47-7.57 (m, 2H), 7.11-7.24 {“\
\[ = {m, 2H), 8.98-7.08 (m, 2H), L
o 6.87-6.97 (m, 1H), 8.79 (m, o
2-[1H-benzimidazol-2-yi-{(5-fluoro- i), 4.81 {d, 1H), 4.21 (d, P
2-hydroxy-phenyli-methyl]-6-[4- 1H) ¢
{1H-pyrazol-d-yl}-phenyilisoindolin-
t-one
058 530.2 10.25 (br s, 1H), 8.14 (s, NN
& ..... e ,” 1H), 7.00-7.98 (m, 2H), 7.85 L)
HZ g \‘E (s, 1H), 7.55-7.73 {(m, 7H), |
I \i 2HC 7.38-7.5Q {m, 2H), 7.05-7.17
N (m, 3H), 6.89-6.99 (m, 1H), i
2-{1H-benzimidazol-2-yi-(5-fiuoro- 4.70 (d, 1H), 4.21 (d, 1H), ¢
2-hydroxy-phenyh-methyi}-6-{4-(1- 3.81 (s, 3H) ’H
methylpyrazol-4-
vhphenvyilisoindolin-1-one;
dihydrochloride
459 | /7 \NH \H\ N J 535.2 7J90~7.95_(£n, gH), 7.72-7.7% EOJ
{m, 2H), 7.63-7.71 (m, 3H), N
Tg 7.51-7.87 {m, 2H), 7.47-7.25 \
1 HE (m, 2F), 7.03-7.17 (m, 4, L
A 4.76 (o, 1H), 4.27 {d, 1H), [
2-[1H-benzimidazol-2-yi-(5-fluoro- 3.75-3.82 {m, 4H), 3.14-3.28 12\
2-hydroxy-phenyl-methyi]-8-(4- {m, 4k -
morpholinophenvii-isoindolin-1-
one;hydrochioride
060 N SN 5372 110.99 (brs, 1F), 1045 (br s, v
ﬁ> Y \ /’¥_<\ 1H), 8.45 (s, 1H), 8.08-8.13 ()
& (m, 1H), 7.89-8.05 (m, 1H), N
SOl 7.90-7.96 (m, 1H), 7.73-7.80 &
, F m, 2H), 7.61-7.88 (m, 1H), Ué\g
2-[1H-benzimidazol-2-yi-{(&-fluoro- 7.52-7. 59 {m, 2H), 7.13-7.24 /}M{\
2-hydroxy-phenyl-methyl}-6-{1-(1- (m, 3H), 7.03-7.11 m, 1H), o
methyl-4-piperidvhpyrazol-4- 4.71-4.80 (m, 1H), 4.43-4 .50
yllisoindolin-1-one:hydrochioride {(m, 1H), 4.24 (d, 1H), 3.49-
3.60 (m, 2H), 3.18 (d, 2H,
2.73-2.81 (m, 3H), 2.28-2.40
(m, 4H)
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fluoro-4-{1-methylk-4-
piperidybphenyllisoindolin-1-
one;formic acid

(, 1H), 4.19 (d, 1H), 2.87-
2.93 (m, 2H), 2.55-2.62 {m,
1H), 2.22 (s, 3H), 1.96-2.08
(m, 2H), 1.66-1.84 (), 4H)

061 =\ S\ e | 3422 | 10.31 (brs, 1H), 8.36-8.42 N,
‘&% gj@ @ @ e (m, 2H), 8.15-8.31 (m, 2H), -
o T 8.00-8.08 (m, 2H), 7.87-7.93 L/J
‘(\j HCt (m, 2H), 7.86-7 .85 (m, 5H), (\
“E 7.38.7.51 {m, 2H), £.99-7.25 \)
8-[4-(G-amino-3-pyridyhphenyvi}-2- {m, 5H3, 4.83 (d, 1H), 4.29 é
[1H-benzimidazol-2-yi-{5-flucro-2- {d, 1H) Oili
hydroxy-phenyl-methyllisoindolin- 1
t-one; hydrochioride
062 | /TN 533.3 | 10.31 {brs, 1H), 8.82-8.05 ;
\....5)/{\{’"' A (m, 2H), 7.94-8.00 (m, 2H), jr: 7<
_\’/\L}‘g 7.68-7.77 {m, 5H), 7.43-7.55 (]
HO N
\(\; HCH {m, 2H), 7.37 (d, 2H), 7.09- A
S 7.22 {(m, 3H), 6.86-7.09 (m, Rj
2-[tH-benzimidazol-2-y-{&-fluoro- 1H), 4.79 (d, 1), 4.27 (d, é/
2-hydroxy-phenyl)-methyl}-6-{4-(4- 1H), 3.35-3.42 (m, 2H), 2.87- e
piperidyli-phenyilisoindolin-1-one; 3.07 {m, 3H), 1.86-2.01 (m, T
hydmchioride 4+
41 1/ NS VNN \\ 1550.2 | 10.74 (brs, 1H), 10.30 (brs, |
<\—< " \‘\—/ 1H), 7.80-7.86 (m, ZH), 7.52- /N\g
7.69 (m, 5H), 7.41-7.49 (m, N7
m Hei 2H), 7.03-7.16 (m, 3H), 6.98 ﬁf'\\,
O {d, 1H), 6.87 (d, 2H), 4 88 (d, \/j
2-TiH-benzimidazol-2-y-(&-fluoro- 1H), 4.18 (d, 1H), 3.73 (m. oré\o
2-hydroxy-phenyl-methyl]-8-{4-{2- 2H), 3.11-3.20 (m, 2H), 2.91 py
(dimethylamino)-sthyl-mathyl (s, 3H), 2.73 {d, 6H) T
aminglphenyii-isoindolin-1-
one;hydrochioride
929 | N 5653 | 1261 {brs, 1H), 9.98 (brs, L
€ ,{w 4\/»\4 — ¥ 1H), 8.24 (s, 1H), 7.76-7.85 8
e X {m, 2H), 7.85-7.73 (m, 1H), 4
e i j HOOGH 7.41-7.83 (m, 3H), 7.15-7.28 i’\i
o {rm, 4H), 7.06-7.14 {(m, 1H), g
2-f1H-benzimidazol-2-y-{&-fluoro- 7.03 (s, 1H), 6.88-6.98 (m, oo
2-hydroxy-phenyl)-methyl}-6-{2- 1H), 8.77-6.84 (m, 1H), 4.83 /}»---(\

The following examples were preparad by a similar method to Example 14 from the

corresponding halogen-substituted phenol and boronate starting materials. The

corresponding phenol was protected as methoxymethyl derivative prior 1o react with the

sulfinamide:
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No. | Structure / Name mz THONMR (DMSO-ds) & Starting
(M1 materials
(42 RN N S47.3 10.84 (br s, 1H), 10.45 (br s, . :
A W / 1H), 7.94-8.00 (m, 2H), 7.68- HOT}\\\I
7.76 (m, 5H), 7.43-7.52 {m, PN
e 2H), 7.29-7.42 (m, 3H), 7.22 and
{5, 1H}, 7.02-7.10 {m, 1H), N
2-{1H-benzimidazol-2-y-(3-fluoro- 5.89-6.98 (m, 1H), 4.78 (d, ¢ j
2-hydroxy-phenyl)-methyl]-6-[4-(1- 1H), 4.24 (d, 1H), 3.45-3.54 \/
methyl-4- (m, 2H), 3.07 (d, 2H), 2.83- ﬁ
piperidyl)phenylliscindolin-1- 2.92 (m, 1H), 2.77 (d, 3H), ¢
onedihydrochloride 1.82-2.18 {m, 4H) O,é\O
pug
043 | /7 ) = 15643 10.82 (brs, 1H)}, 10.18 {(brs, '
N NS 1H), 7.95-8.01 (m, 2H), 7.70- ’\i
i’: j’\ 7.78 {m, 5H), 7.47-7.57 {m, o \v/
I\/\E MG 3HY, 7.38 {d, 2H), 7.21-7.28 and
e (m, 2H), 7.00 (m, 1H), 4.78 |
2-[1H-benzimidazoi-2-yi-(3-chioro- g, 1H), 4.27 (d, 1H), 3.46- ;” j
2-hydroxy-phenylh-methyl}-8-14-(1- 3.53 {m, 2H), 3.02-3.14 (m, \f
methyk-4- 2H), 2.74-2.92 (m, 4H), 1.94- P
piperidydphenyljisoindolin-1- 23?6 {m, 4H) j\/
ong;dinydrochloride O,B\”
044 | /7 ) a //""'\ 15643 10.66 (br 5, 2H), 7.95-8.01 !
N (D= A A fN (m, 2H), 7.68-7.79 (), 5H), H‘T’\El\x
N

et
HO Ay

7.45-T.53 {m, 2H), 7.29-7.44

L; ot (m, 4+, 7.14 (s, 1H), 7.06 and
F e ' d, 1H), 4.80 (d, 1H), 4.28 (d, K
2-{1H-benzimidazol-2-yl-{(5-chioro- 1H), 3.46-3.55 (m, 2H), 2.97- :\j
2-hydroxy-phenyl)-methyl]-6-[4-(1- 3.14 (m, 2H), 2.84-2.92 (m, P
methyl-4- 1H), 2.78 (d, 3H), 1.93-2.18 P
piperidyhphenyljisocindolin-1- {m, 4H) o’é\o
ona;hydrochioride P
The following example was prepared by a similar method to Example 14 from the
corresponding aldehyde and boronate starting materials:
No. | Structure / Name mz THONMR (DMSO-ds) & Starting
(M1l materials
(45 497.2 12.84 (br s, 1H), 8.78 (br s, HN-N

2-{{5-fluoro-2-hydroxy-pheny)-{1H-
pyrazol-3-yhmethyl-6-[4-{1-methyl-
4-piperidyliphenyl]-isoindolin-1-one

1H), 7.84-7.96 (m, 2H), 7.60-
7.80 (m, 4H), 7.31-7.49 (m,
2H), 7.00-7.12 (m, 1H), 6.7%-
£.98 (m, 3H), .22 (s, 1H),
4.81(d, 1+), 4.19 {d, 1),
3.17-3.23 (m, 1), 2.86-3.00
(m, 2H), 2.26 (s, 3H), 1.98-

4
and
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242 (m, 2H), 1.66-1.80 (m,
4H)

r’;i
$
Ay
O
é

o
Y

o
{

i

The following examples were prepared by a similar method to Exampie 2 from ethyl 2-

amino-2-[5-fluoro-2-{methoxymethoxyphenyilacsiate and either methyl S-bromo-2-(bromo-

methyh-benzoate or methyi §-bromo-3-(bromomethyl picolinate; and the corresponding

diamino aryl starting materials:

2-{{5~fluoro~-2-hydroxy-phenyl~(5-
methoxy-1H-benzimidazol-2-
yhmethyll-8-[4-(1-methyl-4-
piperidyvhphenyllisoindolin-1-
one;formic acid

1H), 6.76-6.84 (m, 2H), 4.81
(@, 1H), 417 {d, tH), 3.77 (s,
3H), 2.96-3.05 (m, 2H), 2.55-
2.84 (m, 1H), 2.32 (s, 3H),
2.13-2.24 (m, 2H), 1.69-1.85
(m, 4H)

Mo. | Structure / Name miz H NMR (DMSC-ds) § Starting
(Mr1p materials
048 | = R TN AN 15652 | tH NMR (methanol-di) & PN
-\-%Nig/ﬂnxg‘\w}w 8.53-8.57 {m, 1H), 8.04 (s, F./&\;ENHZ
HO ,1\\ B i), 7.87-7.92 (m, 1H}, 7.61-
P HCOOR 7.70 (m, 3H), 7.51-7.56 {m,
e 1H), 7.38-7.44 (m, 2H), 7.23-
2-[(5-fluoro-tH-benzimidazok-2-yi}- 7.29 (m, 1H), 7.14 (5, 1H),
{(5-fuoro-2-hydroxy-phenyl)- 7.00-7.08 (m, 2H), 6.89-6.95
methyi}-6-14-(1-methyk-4- (m, 1H), B.77-6.83 (m, 1H),
p;perisdyi)apheﬁy!};scmdcim-’E~ 4.80 (0, 1H), 4.29 {d, 1H).
ane;formic acid 3.45-3.55 (m, 2H), 2.77-3.04
{m, 6H), 2.06-2.17 (m, 2H),
1.94-2.06 (m, 2H)

{47 N NN N 15813 8.21 (s, 1H), 7.88-7.96 (m, P
h}“%\jl ,@fﬂ,‘-ﬂf—\h’ 2H), 7.84-7.72 (m, 3H), 7.43- @,NHZ
N 755 (m, 14, 7.37 {d, 2H), &

1\15\ HCOOH TA7-7.30 {m, 2H), 7.01-7.13
R o _ (m, 2H), 6.80-6.95 (m, 1H),
2-{{d-chlorg-1H-benzimidazol-2-yl}- 6.77-6.85 (m, 1H), 4.79 (d,
{(G-fluoro-2-hydroxy-phenyl- 1H), 4.21 (d, 1H), 2.90-3.00
methyi]-8-{4-(1-methyl-4- (m, 2H), 2.54-2.63 (m, 1H),
piperidyhphenyllisoindolin-1-~ 2.25.2 30 (m, 3H), 2.03-2 16
one;formic acid (m, 2H), 1.67-1.83 (m, 4H)
048 | % N N AN N 5773 | 8.22 (s, 1H), 7.86-7 .94 (m, AR
SN /{\pmﬂ’w\d 2H), 7.67 (d, 3H), 7.32-7.47 \O,E,/J\NHZ
HO I\ % {m, 3H), 7.04-7.10 (m, 1H),
\[Q\F HCOOH 7.00 (5, 1H), 6.89-6.84 {m,
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/ N
\ //\NH AW
‘“i
s
\&\¢J\F

§-11H-benzimidazol-2-yi-(5-fluoro-
2-hydroxy-phenyh-methyll-2-f4-(1-
methyl-4-piperidyhphenyil-5H-
pyrroio-{3 4-bipyridin-7-one

1H), 8.05-8.17 (m, 4H), 7.54-
7.85 {m, 1H), 7.35-7.52 {m,
3H), 7.15-7.26 (m, 2H), 7.04-
7.12 (m, 2H), 8.90-8.98 {m,
1H), 6.80-6.88 (1, 1H), 4.81
(d, 1H), 4.20 (d, 1H), 2.89-
3.00 {m, 2H), 2.55-2 62 (m,
1H), 2.25 (s, 3H), 2.01-2.18
(m, 2H), 1.68-1.84 (m, 4H)

050 Q 7N/ | 5813 {820 (5, 1H), 7.86-7.85 (m, P
. \}“ 2H), 7.64-7 .69 (m, 3H), 7.24- /“\/ N
3 748 {m, 4H), 7.05-7.11 (m,
‘]T\: HCOOH 1H), 6.95-7.04 (m, 2H), 6.88-

F 6.93 (m, 1H), 6.74-6.81 (m,
2-[{5-fluoro-2-hydroxy-phenyl-(5- 1Hy, 4.81 (d, 1H), 4.17 (d,
methyl-1H-benzimidazok-2- 1H}, 2.88-2.08 (m, 2H), 2.53-
yhmethyi]-8-[4-(1-meathyl-4- 2.80 (m, 1H), 2.41 (s, 3H),
piperidyhphenyllisoindolin-1-~ 2.24 (s, 3H), 1‘99_2‘_10 (m,
one;formic acid 2H), 1.66-1.82 (m, 4H)

{51 /}\ - ’\\W“'" 577.23 8.12-8.18 {m, 1H), 7.79-7.86 {,ﬁ:NHz
}w = (m, 2H), 7.55-7.63 (m, 3H), LA
HO 7.28 {d, 2H), 8.80-7.07 {m, }/ ’
\(\ HCOOH 4H), 8.79-6.88 (m, 1H}, .59~
v B8.74 {m, 2H), 472 (d, 1H),
2-{{5-fuora- hydn:axy—phenyi) {4- 4.08 (d, 1H), 3.81 (s, 3H),
methoxy-1H-benzimidazol-2- 5 895 08 On 2H), 2.46-2.54
yhmethyil-6-f4-(1-methyl-4- (m, 1H), 2.18-2.29 (m, 3H),
piperidyhphenyllisoindolin-1- 2.00-2.17 (m, 2H), 1.60-1.79
one;formic acid (m, 4H) )
082 | TN N N 581.3 8.23 {s, 1H), 7.87-7.83 (m, NP
/\ ’Nﬁh A o O L’ 2H), 7.863-7.71 (m, 3H), 7.25- @NH?
HQNL B 7.45 {m, 3H), 7.03-7.10 {m, '
| j\ HCOOH 3H), 8.96-7.01 (m, 1H), 6.86-

] F 8.95 {m, 1H), 8.72-8.85 (m,
2-{{b~fluoro~-2-hydroxy-phenyl)-(4- 1H), 4.85 (d, 1H), 4.18 (d,
methyil-1H-benzimidazol-2- 1H§, 2.89-2.99 (m, 2H), 2.54-
yhmethyi}-6-[4-(1-methyl-4- 3 60 (m, 1H), 548 (s, 3H),
piperidyhphenyllisoindolin-1- 2.25 (s, 3H), 2.02-2.12 (m,
one;formic acid 2H), 1.654&6 (m, 4H) '

028 NS 548.3 12.85 {brs, 1H), 9.98 {br s,

The following examples were prepared by a similar method to Example 6 from methy! 2-

bromeo-2-(5-fluorp-2-msthoxy-phenyllacetate and the corresponding bicyclic starting

materials:
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No. | Structure / Name mz THONMR (DMSO-ds) & Starting
(M1l materials
53 <N 8TTS 10.19-13.486 {(m, 2H}, 8.33- F
- £ Lf\\’/ \/J 8.38 {m, 14}, 7.88-8.086 (m, (/ Br
<\ Py f’/)r‘?/ P 2H3, f.sésm’(d, 2H), 7(.6(3-7.‘71 E/\/
----- PN P {m, 3k, 7.34-7 51 {m, 5H),
"o K[ \g/ 7.45-7.23 {m, 1H), 6.88-7.03
Y {m, 2, 3.48-3.54 (m, 2H),

g HCI 3.05-3.18 {m, 2H), 2.76-2.92
2-[1H-benzimidazol-2-yl-(8-fluoro- {m, 4H), 2.00-2.08 (m, 4H)
2-hydroxy-phenyh-methyl}-4-fluoro-

&-{4-(1-methyl-4-
piperidybphenyllisoquinolin-1-
one;hydrochioride
054 E 577.3 12.78 {brs, 1H), 10.03 {br s, =

J==

NN r/\”j\(‘i\\%
N”L N /\/\
HO\P\ \/\{
\/’\r

2-[1 H~benzsm;dami-Z—y!~(5—fium‘o—
2-hydroxy-phenyll-methyl}-4-fluoro-
7-{4-{1-methyi-4-
piperidvhphenyllisogquinolin-1-one

1H), 8.51 (s, 1H), 8.18-8.23
(m, 1H), 7.88 (d, 1H), 7.73
(d, 2H), 7.58-7.67 (m, 2H),
7.46-7.55 (m, 1H), 7.36-7.43
(m, 3HY, 7.17-7.27 {m, 2H),
7.10-7.18 (m, 1H), 6.90-6.95
(m, 1HY, 6.72-6.77 (m, 1H),
2.91-3.01 (m, 2H), 2.54-2.62
(m, 1H), 2.27 (s, 3H), 2.04-
2.47 {m, 2H), 1.66-1.85 (m,
4H)

The foliowing examples were prepared by a similar method to Example 6 from

methyl 2-bromo-2-(5-fluoro-2-methoxyphenyilacetate or methyl 2-bromo-2-(5-fluoro-2-

{methoxymethoxy)phenyhacetate and the comresponding bicyclic starting materials:

No. | Structure / Name miz HNMR (DMSO-dk) 8 Starting
M1 materials
0ss | /o R /‘\fx_{/\. 548.4 | 10.92 {brs, 1H), 10.61 {br s, S
Qﬁl o = 1H), 8.84 (s, 1H), 7.91 (s, 1H), hg/‘f\;\&
0.t - 7.75 (dd, 2H), 7.65 (d, 1H), 7.50
ﬂ;\F e (dd, 2H), 7.26-7.42 (m, &),
2-{1H-Benzimidazol-2-yh-[7-methyl- 7.14-7.23 (m, 1), 7.05-7.13 (m,
6-14-(1-methyl-4- 1H), 7.01 {d, 1H), .78 (dd, 1H),
piperidybphenyllindazol-2- 3.47{d, 2K), 3.02-3.12 (m, 2H),
ylimethyll4-fluoro- asi-z.sf (m, 14, 2}.74 {d, 3H),
phenoldihydrochioride 2.39 (s, “’H)f 2.05-2.16 (m, 2H),
1.88-2.04 {m, 2H).
097 oH 548.1 | 12.60 {(brs, 1H), 12.46 (br 5, S
o F,_ 7\ /Mﬂ/\«"- 1H), 8.37 (brs, 1H), 8.14 (s, 1H), “VJ
R LAY = 7.52-7 60 (m, 2H), 7.33-7.49 (m,
Ho &, 4Hy, 7.15-7.28 (m, 4H), 7.04-
\(;lF 7.43 (m, 1H), 7.01 (s, 1H), 6.89
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2-[1H-Benzimidazol-2-yk-{5-fluoro-
2-hydroxy-phenyhmethyl}-6-[4-(1-
methyl-4-piperidyhphenyllindazol-
5-0l

(dd, 1F), 6.83 {ad, 1H), 3.26-
3,31 (m, 1H), 2.88 (d, 2H), 2.20
(s, 3H), 1.82-2.04 (m, 2H) 1.63-
1.79 {(m, 4H).

ges = = 546.1 10.78 {br 5, 1H), 8.80 (5, 1H), M'}\ﬁ/\/(
v}\hiﬂ = p \,_> N 785 (s, 1H), 7.74 (dd, 2H), 7.68 ‘:glf\«// B

NN Al {s, 1H}, 7.48 (dd, 2H), 7.38 (5,

HQ\® . 1H), 7.26-7.38 (m, 4H), 7.11-

Fop 7.21 {m, 1H), 7.04 (dd, 1H), 6.84
2-[1H-Benzimidazol-2-yl-{5-maihyk {dd, 1H), 3.47 (d, 2H), 3.04-3.12
8-{4-(1-methyl-4-piperidylphenvil- {m, 2H) 2.83-2.87 (m, 1H}, 2.73
indazol-2-yiimethyi}-4-fluoro- {dh, 3H), 2.21 (s, 3H), 1.87-213
phenokdihvdrochioride {m, 4H).

029 9“ 5628 | 8.27 (s, 1H}, 7.42-7.84 (m, 4H), PRPCNAS
C}\M ( - f’“\(”m 7.39 (d, 2H), 7.26 {d, 2H), 7.15- | N ,;1&.
\’< ,,k W 7.23{m, 2th), 7.13 {5, 1H), 7.04- H
HO 742 {m, 1H), 8.90 (dd, 1H), 6.83
51 (dd, 1H}, 3.73 (s, 3H), 3.31-3.32
2-{1H-Benzimidazol-2-y5- g:) 1?@2%2%&??&?? 22(51 i
methoxy-8-[4-{1-methyi-4- A ) ’ ’" '
ciperidybphenylindazol-2- (m, 4H).
yE}methyi] 4—fiu@m phenoi
100 | 7 . G N | 5318 10.20 (brs, 1H}, 8.43 (br s, 1H}, i
< ’{N,NH /F;/g Vet 8.50 (s, 1H), 7.84 (s, 1H), 7.83 N‘/;_J, LA
wo . {d, 1H), 7.70 {d, 2H), 7.80 (m,
\‘j\ h 3M), 7.38 {dd, 1H), 7.34 (d, 2H),
zE 7.27 {m, 28D, 713 {m, 1H), 6.94
2-{(1H-Benzoldlimidazol-2-y}(6-(4- {dd, 1H), 8.86 (dd, 1H), 3.54 {m,
(1—meihyipiperidin—a‘l-yl)phenyi)—EH— ZH), 3.10 (m, ZH}, 2.85 (m, "H),
mdazmnz-yi)meihyﬁ)nflw 283 (ds 3H), 2.08 {m, QH), 188
fEum‘cphenaE' friflucroacetate (m, 2H)
101 _ 567.9 10.21 {brs, 1H), 9.48 (br s, 1H), 2
Nj\h % 8.58 (d, 1H), 7.84 (d, 1H), 7.59 h‘;\{‘ i F g
Mo TP {m, 3H), 7.38 (d, 2H), 7.22 (m, ¥
\[ ]\ 1H), 7.16 (m, 2H), 7.03 (dd, 1H), and
6.95 {dd, 1H), 6.90 (dd, 1H), .
4-Fluoro-2-((4-fluore-1H-benzold}- 356 (m, 2H), 310 {m, 24, 2.87 %’/’INHz
imidazol-2-yh(7-fluorc-8-(4-(1- (m, 1H), 2.83 (d, 3H), 2.07 (m, :
methyipiperidin-4-yliphenyl)-2H- 2H), 1.88 (m, 2H}
indazok-2-yhmethyhphenol;
triflucroacetate
102 OV’ 576.9 10.05 {brs, 1H), 9.48 (br s, 1H), 7 /\(5
8.30 (d, 1H), 7.97 {d, 1H), 7.85 HN\H@
{dd, 1H), 7.80 (d, 2H), 7.88 (s,
1H), 7.40 (d, 2H), 7.36 (d, 1H), and

2-{{&-Fluore-1H-benzoldlimidazol-
2-y{(5-fluoro-2-
hydroxyphenyhmethyh-8-(4-(1-

7.28 (d, 1H), 7.20 {m, 1H), 7.13
(m, 1H), 7.03 (dd, 1H), 6.92 (dd,
1H), 8.73 (d, 1H), .67 (dd, 1H),
3,56 (m, 2H), 3.10 (m, 2H), 2.88
(mn, 1H), 2.83 (d, 3H), 2.07 (m,
2H), 1.88 (m, 2H)
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methyipiperidin-4-
yhphenvylisoquinolin-1(@H}-one

The following examples were prepared by & similar method to Example 7 from sthyl 2-

amino-2-[5-flugre-2-{imethoxymethoxyphenyilacetate and the coresponding boronate and

acid starting materials:

@\: MG L—N\

3-[1H-benzimidazol-2-vi-(&-fluoro-
2-hydroxy-phenylmethyll-5-flucro-
&-[3-fluoro-4-(1-methyl-4-
piperidyhphenyljguinazolin-4-
one;hydrochioride

No. | Structure / Name nvz H NMR (DMBSO-d6) © Starting
M1l materials
055 ,\:/ - {(}N ; N 574.3 10.28-10.47 (m, 2H), 8.21 (s, |
AN Py A~ 1H), 7.64-7.71 (m, %H), 7.87-
;;) j\}f T:, 7.84 (m, 1H), 7.47-7.54 (m,
4 T o~
T \§ o /\( ‘3 1H), 7.30-7 44 (m, 8H), 7.17-

g A ~ N 7.24 (m, 1H), 7.00-7.06 (m,
3-[1H-benzimidazol-2-yi-(5-fluora- 1H), 8.81-8.98 (m, 1H}, 3.48-
2-hydroxy-phenyl)-methyl]-5- 355 (my, 2H), 3.01-3.14 (m,
methyl-6-{4-(1-methyl-4- 2H), 2.84-2.94 (m, 1H), 2.78
piperidybphenvi]-quinazolin-4-one; {d, 3H), 2.84 (s, 3H), 1.83-
dihydrochioride 2.15 {m, 4H)

007 5958.3 10.20-10.48 (m, 2H}, 8.28 (s,

1H), 7.89-8.06 (m, 1H), 7.61-
7.70 (m, 3H), 7.40-7.54 (m,
4H), 7.33-7.38 (m, 2H), 7.17-
7.23 (m, 1H), 6.89-7.05 (m,
1H), 6.90-6.97 (m, 1H), 3.49-
3.55 (m, 2H), 3.07-3.21 (m,
3H), 2.69-2.86 (m, 3H), 1.96-
2.17 {m, 4H)

The following example was prepared by a similar method o Example 8 from 2-[1H-

Benzimidazol-2-yi-[1-(2-frimethylsilylethoxymethyl}-5,8-dihydro-4 H-cyclopenta[clpyrazol-3-

viimethyll-8-bromo-isoindolin-1-one and 5-ethynylpyridin-2-amine in a similar manner to

Example 4, step 3:

W _ .

N /:;;\.;TH r/ \____,// == \\Q___E\'"I/ N,
LN
1

NN
{ \/“\-\---?\EH
8-{2-{B-amino-3-pyridyhethynyil-2-
[1H-benzimidazol-2-yi(1 4,5,6-
tetrahydrocyclopenta-[clpyrazol-3-
yhmethyll-isoindolin-1-one

No. | Structure / Name mz H NMR (DMS0O-ds) &
AN
030 == = 456.2 12.28-12.77 (m, 2H), 8.16 (d, 1H), 7.78 (s,

1H), 7.61-7.75 (m, 2H), 7.54 (m, 3H), 7.09-
7.26 (m, 2H), 6.81 (s, 1H), 6.35-6.50 {m, 3H),
4.91 {d, 1H), 4.27-4.43 (m, 1H), 2.54-2.66 (m,
2H), 2.13-2.37 (m, 3H), 1.86-2.00 (m, 1H)
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The foliowing compounds were prepared by a similar method to Example 186 from 2-
[1H-benzimidazol-2-yl-{5-fluore-2-(methoxymethoxy)phenyllmethyl]-6-(4, 4,5, 5-tetramethyl-

1.3, 2-dioxaborolan-2-yl)isoindolin- 1-one and the corresponding aryl halide starting materials:

No. | Structure / Name ez H NMR (DM30O-ds) & Slarting
MY materials
gg0 TN N 563.4 12.61 {brs, 1H), 9.94 (brs, SN
(\ 21”“ { \:}v(\ﬁ/ O,\ww 1H), 7.83-7.94 (m, 2H), 7.54- ’\J\o
o t( B \_N> 7.70 (m, 4M), 7.38-7 48 (m,
\}’[ \\‘ N 1H), 7.12-7.23 (m, 2H}, 7.00-

WNFE 7.10 {m, 4H), 6.83-6.94 (m,
2-[TH-benzimidazol-2-yi-(5-fluoro- 1H), 8.72-6.80 (m, 1H), 4.78
2-hydroxy-phenylimethyl}-6-[4-[(1- {d, 1H), 4.33-4.48 (m, 1H),
methyl-4- 418 (d, 1H), 2.53-2.87 (m,
piperidyhoxylphenyilisoindolin-1- 2H3, 2.10-2.28 (m, 5H) 1.88-
one 2.00 (m, 2H), 1.88-1.81 (m,

2H)
091 ::\)x\ . C’}F\\Q 521.3 10.28 {brs, 1H), 8.30 {(brs, o
Q‘—f{wji/ré N <\==/) \\[ 1H), 818 (brs, 1H), 7.89- >LOJ\NA
chi ! \g 'LNH 7.98 {m, 2M), 7.81-7.80 (m, - o
\©\ 2HG! 5H), 7.36-7.51 (n, 2H}, 6.92- N
F 7.24 {m, 6H), 5.08-520 (m, s

g-{4-(azetidin-3-yioxylphenyll-2- 1H), 4.78 (d,1H), 4.46-4.51 Br
[1H-benzimidazol-2-y-{5-fluoro-2- {m, 2k, 4.23 (d, 1H), 3.23-
hydroxy-phenyhmesthyilisoindolin- 4.05 {m, 2H)
t-one;dihydrochioride

Exampie 17 Preparation of 4-[3-fluoro-4-{4 4 5 S-teframethyi-1. 3 2-dioxaborolan-2-vii-

phenvil- 1-methvi-piperidine

Scheme 20
g
S ~ ‘?
F | Step 1 /( | Stepz " 7 Step 3
RS i F H Sep < N fep
} R . /’\\\* g e o E R
Br = 1 =
Br

S ¢ :

Step 1. 4-{(4-bromo-3-flucro-ghenyly-1-methvi-3 &-dihydro-2H-pyridine

A midure of 1-bromo-2-flucre-4-iodobenzens (10.0 g, 33.2 mmeol), 1-methyl-4-
(4,4 5 5-tetramethyl- 1,3, 2-dioxaborolan-2-yi}-1,2,3,6-tetrahydropyridine {7.40 g, 33.2 mmol),

sodium carbonate (10.8 g, 9.6 mmol),
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{1, 1-bis{diphenyiphosphinc)ferrocengldichioropaliadium(il) (2.42 g, 3.32 mmol}, and
dioxane/water (100 mb, 4/1) was degassed under nitrogen twice. The reaction mixiure was
heated at 100 °C for 18 h. After cooling to room temperature, the reaction mixiure was
poured into water and extracted with ethyl acetate three times. The combined organic
extracts were washed with brine, dried over sodium sulfate, filtered and concenirated under
reduced pressure. The crude product was purified by silica gel column chromatography
eluting with 50-67% ethyl acelate in petroleum ether to give the title compound {(7.00 g,
78%;). 'H NMR (400 MHz, methanol-ds) 8:7.51-7.58 (m, 1H), 7.25-7.31 {(m, 1H), 7.13-7.23
{m, 1H), 6.21-6.24 (m, 1H), 3.10-3.16 (m, 2H}, 2.67-2.75 {m, 2H) 2.52-2.81 {m, 2H), 2.38 (s,
3HY, MS myz: 271.8 [M+1]7.

Step 2. 4-[3-flucre-4-(4.4,5 5-teframeathvi- 1,3 2-dioxaborolan-2-vhiphenvll- 1-methyi-3 6-

dihvdro-2H-pyridine
f\N/
./Q\\T/’&/l

i
O.grng?

N0

A mixture of 4-(4-bromo-3-flucro-phenyl)- 1-methyl-3,6-dihydro-2H-pyridine {1.00 g,
3.70 mmob), 4,45 5-tetramethyl-2-(4, 4,5 5-tetramethyl-1,3 2-dioxaborolan-2-yi)-1,3,2-
dioxaborolane (1.40 g, 5.55 mmol},
{1, 1-bis{diphenyiphosphinoHerrocensidichioropaliadium(il) (0.541 g, 0.740 mmol),
potassium acetate (1.08 g, 11.1 mmol) and dicxane (20 mL) was degassed under nitrogen
twice. The reaction mixture was heatad at 100 °C for 3 h. After cooling to room temperature,
the reaction mixture was poured info water and extracted with ethyl acetate three times. The
combined organic extracts were washed with brine, dried over sodium sulfate, fillered and
concentrated under reduced pressure. The crude product was purified by silica gel column
chromatography sluting with 50-100% ethyl acetate in petroleum sther to give the title
compound (0.432 g, 37%). 'H NMR (400 MHz, methanol-dy) & 7.60-7.88 (m, 1H), 7.22-7.27
{m, 1H), 7.08-7.13 {m, 1H), 8.20-8.27 {m, 1H), 3.18-3.23 (m, 2H), 2.74-2.81 (m, 2H), 2.57-
2.64 (m, 2H), 2.44 {s, 3H), 1.34 (s, 12H); M& m/z 318.1 [M+1]".

Step 3. 4-[3-flucre-4-(4.4 5 5-tetramethyil-1.3, 2-dioxaborsian-2-yhphenvil-1-methyl-piperiding

Fo O/
»e
ﬁé‘
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To a solution of paliadium {(10% on carbon, 0.800¢g, 0.851 mmol) in methanol (54 mL)
was added 4-[3-flucro-4-(4 4,5 S-tetramethyl- 1,3, 2-dicxaborolan-2-yliphenyll- t-methyl-3,6-
dihydro-2H-pyridine (2.70 g, 8.51 mmol). The flask was evacuated and backfilled with
hydrogen and the reaction mixture was allowed o stir at 30 °C under an atmaosphere of
hydrogen (50 psi) for 48 h. The reaction mixture was filtered through a pad of Celite which
was washed several times with methanol. The filtrate was concentrated under reduced
pressure to give the title compound (1.88 g, 70%). 'H NMR (400 MHz, methanol-dy) 8. 7.61-
7.687 (m, AH), 7.068-7.11 (m, 1H), 8.88-7.00 (m, 1H), 2.88-2.11 (m, 2H), 2.53-2.89 {m, 1H),
2.37 (s, 3H)Y 2.18-2.27 {m, 2H}, 1.72-1.93 {m, 4H} 1.35 (s, 12H), MS mv/z 320.1 (M+1]".

Example 18; FPreparation of 7-fluoro-2-[{ R)-(5-flucro-2-hvdroxyv-phenvil-(d-methyi-1H-

imidazof-2-yiimethyil-6-f4-{ 1 -methyil-4-piperidviiphenvilisoindelin- 1-one and 7-flucro-2-f(S)-
{&-flyoro-2-hvdroxy-phenvil-(4-methvi- 1H-imidazol-2-viimethivil-6-{4-{ {-methyi-4-
pipericvl phenvilisoindolin-1-one (834 and 088)

7-Fluore-2-[(5-fluore-2-hydroxy-phenyl-(5-methyi- 1H-imidazol-2-yhmethyi]-6-[4-(1-
methyl-4-piperidyhphenyllisoindolin-1-one (883, 0.020 g, ©.038 mmeol} was purified by prep
SFC with a Chiral Technologies Chiralpak 1A (Smicron 250x10mm) column @ 40 °C eluting
with 45% (0.3% TEA in MeQH) / 55% CO» at 10 MPa to separate enantiomers. Absolute
configuration of the chiral center for each isciated enantiomer is unknown, First eluting peak
(084) (8 myg, 30% yield, 100:0 er); [aF%-78.3 (c = 0.035, MeOH); "H NMR (DMSC-ds) &:
11.77-12.05 {m, 1H), 10.08 (br s, 1H), 7.65-7.74 {m, 1H), 7.43-7.50 {m, 3H), 7.37 (d, 2H),
8.97-7.07 {m, 1H), 8.77-8.88 {m, ZH), 8.73 (s, 1H}, 8.53-8.85 {m, 1H), 4.73 (d, 1H), 4.09 (d,
1H), 2.88 (d, 2H), 2.41-2.49 (m, 1H), 2.20 (s, 3H}, 2.12 (s, 3H}, 1.84-2.03 {m, 2H), 1.64-1.81
{m, 4H), MS m/z 529.3 [M+17]". Second eluting peak (085) (6 mg, 30% yield, 97.8:2.2 er),
[0]2% +55.3 (= 0.038, MeOH); H NMR (DMSO-ds) §: 11.78-12.05 (m, 1H), 10.06 (br 5,
1H), 7.686-7.75 (m, 1H), 7.44-7 51 {m, 3H), 7.38 (d, 2H), 8.87-7.07 (m, 1H), 8.77-8.88 (m,
2Hy, 6.73 (s, 1H), 6.52-8.65 (m, 1H), 474 {d, 1H), 410 (d, 1H), 2.89 (d, 2H), 2.41-2.48 {m,
1HY, 2.21 (s, 3H), 2.13 (s, 3H), 1.84-2.05 (m, 2H), 1.64-1.82 (m, 4H); MS m/z: 528.3 [M+1]".
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Exampie 19: 2-f(5-Fluoro-2-fidroxy-phenv)-{S-{friflucromethivil)- 1H-imidazol-2-yvinethni]-6-

4-{1-methyvi-d4-piperidyiiphenyllisoindolin-1-one; hydrochloride (103)

Schame 21
\
A
y Fy FsC S
; : /P\
Fe N 0 siept jf\jﬁ osepz O Step s
i i — N
\[,\3’}‘/ T NN B \l\i‘:j\\%?\j\it"J<
& 8
'
p L (S -
\Si.\ .G ,éi\ . W/ =
FiC - 3% Py Fal
N O Y S |
7o g ) g‘“ N sene
f, N_ <~ Stepd e N, Step & ‘ e
Nj\/ S.'/X(\ g M A N')\\/NHO ol *
B . 5 e o |

Step 1. Z-Methyl-N-[I5-(trifluoromethyD-1H-imidazol-2-viimeathyienelpropane-2-sulfinamide
Fals

=)

NH
o
\N{A\&N\Sk
o)
To a solution of S-(trifluoromethyl}- TH-imidazole-2-carbaldehyde (9.80 g, 58.7 mmol}

and 2-methylpropans-2-sulfinamide (10.8 g, 98.5 mmol) in THF (300 mL) was added
tetraethyl orthotitanate (20,4 ¢, 89.5 mmol). After stirring at 75 °C for § h, the reaction
mixiure was quenched by water and extracied with sthyl acetate three times. The combined
ogrganic exiracts were washed with brine, dried over sodium sulfate, filtered and
concentrated under reduced pressure. The crude product was purified by silica gsl column

chromatography eluting with 0-100% ethyl acetale in petroleum ether o give the title

150



WO 2021/096948 PCT/US2020/060001

compound (9.8 g, 60%). *H NMR (400 MHz, CDCly) 8: 11.34 (br s, 1H), 8.52 (s, 1H), 7.49 (s,
1H), 1.16 (s, OH): MS m/z 267.9 [M+11.

Step 2. 2-Methyl-N-[I5-(riflucromethyh- 1-(2-trimethyisilvlethoxymethvilimidazol-2-

5 viimsathvienelpropane-2-sulfinamide

To a solution of 2-methyl-N-[[5-(trifluoromethyD-1H-imidazol-2-yiimethyiens]propane-
2-suffinamide (9.60 ¢, 35.2 mmof} in BMF (200 miL) was added sodium hydride (1.28 g, 53.8
mimol} at 0 °C. After stirring at the same temperature for 15 min, 2-

1C¢  (rimsthyisitvhsthoxymethy! chicride (8.98 g, 53.8 mmol) was added. After stirring at room
temperature for 2 h, the reaction mixture was quenched by water and extracted with ethyl
acetate three times. The combined organic exiracts were washed with brine, dried over
sodium sulfate, fillered and concentrated under reduced pressure. The crude product was
purified by silica gel column chromatography eluting with 0-10% ethyl acetate in pelroleum

15 ether to give the title compound (8.5 g, 46%). "H NMR (400 MHz, CDCl) &: 8.85 (s, 1H),
7.80 (s, 1H}, 580 (d, 1H), 871 {d, 1H), 3.50-3.88 {m, 2H), 1.28 (s, 9H), 0.87-0.87 (m, 2H}, -
0.01-0.01 (m, 9H); MS m/z: 398.0 [M+1T

Step 3. N-[{5-Flugro-2-methoxy-phenvh-15-(trifluocromethyD-1-(2-trimethvisiiviethoxymethyil-

20 imidazol-Z-viimethyll-Z2-methvi-propane-2-sulfinamide

L7

R

o
To a solution of 2-methyl-N-[[S-{triflucromethyl)-1-(2-
frimethylsilylethoxymethybimidazol-2-ylimethylenelpropane-2-suifinamide (6.50 g, 16.3
mmol} in THF (100 mL) was added dropwise a solution of 5-fluore-2-

25  methoxyphenyimagnesium bromide in THF (0.5 M, 97.8 mb, 458.9 mmol) at -78 °C. Afier
stirring at room temperature for 18 h, the reaction mixture was poured into sat. ammonium
chioride solution and exdracied with ethyl acetate thres imes. The combined organic extracts
weare washed with brine, dried over sodium sulfate, filtered and concentrated under reduced

pressure. The crude product was purified by reverse phase HPLC eluting with 0-100%
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ACN/water containing 10 mM ammonium acetate to give the title compound (1.9 g, 22%). 'H
NMR (400 MMz, CDClL) & 7.24-7.33 (m, 1H), 8.83-7.07 (m, 2H), 6.84 (dd, 1H), 8.15 (d, 1H),
5.17-8.26 (m, 2H), 4.92 {d, 1H), 3.85 (s, 3H), 3.24-3.45 (m, 2H), 1.21 (s, 8H), 0.74-0.89 (m,
2H), ~0.068-0.00 {m, 8H); MS m/z. 524.1 [M+1]

Step 4. (5-Fluore-2-methoxy-phenyD-[5-{triflucromethyli-1-(2-trimethyisilvlethoxymeathyi)-

imidazol-2-vilmethanaming

&7
Frsc\ ey i

Nz"
é[\ L
~ O‘\T{/

L
r\V\F

To a solution of N-[{5-fiuoro-2-methoxy-pheny)-[5-{friflucromethyl)-1-(2-trimethyisilyi-
ethoxymethylimidazol-2-viimethyil-2-methyi-propane-2-sulfinamide {1.90 g, 2.62 mmol} in
methanc! (80 mL) was added HCl in methanol (4 M, 2.05 ml, 38.2 mmol) at 0 °C. After
stirring at room temperature for 2 h, the solvent was removed under reduced pressure. The
crude product was purified by reverse phase HPLC sluting with 0-100% ACN/water
containing 10 mM ammonium acetate to give the title compound (1.1 g, 73%). "H NMR (400
MHz, CDCl) & 7.24-7.33 {m, 1H), 8.80-6.98 (m, 1H), 8.79-6.89 (m, 2H), 583 (s, 1H), 5.02-
5143 (m, 2H), 3.85 (s, 3H), 3.24-3.41 (m, 2H), 0.70-0.88 (m, 2H}, -0.03 (s, BH); MS mv/z:
420.0 [M+11"

Step 5. Methyl 5-brome-2-IHH{5-fluare-Z-methoxy-phenvh-[5-{triflucromethyly-1-{2-

trimethyisilviethoxymethyhimidazol-Z-viimethyllaminolmethvllbenzoate

To a solution of (&-flucro-Z-methoxy-phenyli-[&-(triflucromethyl)- 1-(2-
trimethylsilviethoxymethyhimidazol-2-ylimethanamine (1.05 g, 2.50 mmol) and methyl 5-
bromo-2-(bromomethyiibenzoate (0.846 g, 2.75 mmol} in DMF (50 mL) was added DIPEA
(2.05 mi, 12.5 mmol). The reaction mixture was heated at 90 °C for 1 h. After cooling to
room temperaturs, the reaction mixture was poured inlo water and exiracted with sthyl
acetate thres times. The combined organic extracts were washed with water, brine, dried

over sodium sulfate, filtered and concentrated under reduced pressure 1o give the title
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compound (1.81 g, quant.) which was used in the next reaction without further purification.
MS myz: 848.0 M+

Step 8. B8-Brome-2-I{5-fluoro-2-methoxy-phenyh-[5-(riflucromethvb- 1-(2-

trimethyisilviethoxymethyhimidazol-2-yiimethvllisoindolin-1-one

To a solution of methyt 5-bromo-2-{[[(5-fluoro-2-methoxy-phenyl-[5-(triflucromethyl)-
1-{2-irimethyisilvisthoxymethyllimidazol-2-yiimethyllaminolmethyilbenzoate (1.61 g, 2.49
mmol} iy toluene (80 mL) was added trimethylaluminum (0.179 g, 2.48 mmol). The reaction
mixture was heated at 80 °C for 18 h. After cooling to reom temperature, the solvent was
removed under reduced pressure. The crude product was purified by reverse phase HPLC
eluting with 0-100% ACN/Awater containing 10 mM ammonium acetate to give the title
compound {1.2 g, 78%). "H NMR (400 MHz, COChL) &: 7.98 (d, 1H), 7.85 (dd, 1H), 7.28-7.35
(m, 2H), 7.26 (s, 1H), 7.18 (dd, 1H), 8.98-7.07 (m, 1H), ©6.86 (dd, 1H), 5.59 (d, 1H), 5.22 (d,
1H), 4.98 {d, 1H), 4.08 (d, 1H), 3.75-3.84 {m, 3H), 3.21-3.44 {m, 2H), 0.53-0.78 {m, 2H), -
(.12-0.00 (m, SH); MS m/z 8141 [M+11"

Step 7. 8-Bromo-2-[{(&-fluoro-2-methoxy-phenyi-I5-(rifluoromethvh-1H-imidazol-2-

viimethvllisoindolin-1-one

To a solution of 8-bromo-2-{(5-luoro-2-methoxy-phenyl)-[5-(trifluoromethyi}- 1-(2-
trimethyisiiviethoxymethyhimidazol-2-yiimethyllisoindolin-1-one (0.540 g, 0.878 mmol) in
methanol (5 mL) was added ag. HCI (12 M, 10.0 mL, 120 mmol) at 0 °C. After stirring at
room temperature for 4 h, the solvent was removed under reduced pressure and lyophilized
to give the tifle compound (0.425 g, quant.). 'H NMR (400 MHz, methanol-ds) 6 7.94 {d, 1H),
7.89-7.82 (m, 2H), 7.48 (d, 1H), 7.07-7.29 (m, 2H), 6.82-7.03 (m, 2H), 4.55 (d, 1H), 4.13-
4,18 (m, TH), 3.79 (s, 3H); MS m/z 4859 [M+11".

153



10

20

25

WO 2021/096948 PCT/US2020/060001

Step 8. 2-[(5-Fluorg-2-methoxy-phenyli-[S-(triflucromethyl-1H-imidazol-2-vlimathyvil-8-14-(1-

methvi-4-piperidyliphenvlliscindolin-1-one

A mixture of 6-bromo-2-[{5-fluoro-2-methoxy-phenyl-[5-{triflucromethyl)- 1H-imidazol-
2-yiimethyilisoindolin-1-one {(0.425 g, 80.878 mmdl), 1-methyl-4-(4-(4 4,5 5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenylipiperding (0.403 g, 1.34 mmol}, Pd{dpphCl: (0.032 ¢, 0.044 mmol)
and potassium carbonate (0.372 g, 2.68 mmol) in dioxane:water (2:1, 10 mL) was heated at
100 °C for 2 h under nitrogen. After cooling, the reaction mixture was filtered, and the filtrate
was concentrated under reduced pressure, and purified by silica gel column chromatography
sluting with 0-15% methano! in dichioromethane to give the title compound (0.3 g, 58%). 'H
NMR (400 MMz, CDCla) & 7.94 (d, 1H), 7.72-7.78 (m, 1H), 7.45-7.55 (m, 3H), 7.32-7.41 (m,
4H), 8.98-7.07 (m, 1H), 8.88-8.95 (m, 1H), 8.71-6.82 (m, 1H), 4.82-4.96 (m, 1H), 4.34-4.53
{m, 1H), 3.57-3.867 (m, 3H), 2.99-3.08 (m, 2H), 2.48-2.63 (m, 1H), 2.34-2.39 (m, 4H), 2.07-
216 (m, 3H), 1.86-1.97 (m, 2H); MS m/z: 579.3 [M+11".

Step 8. 2-[(5-Fluore-2-hydroxy-phenvi-15-(triflucromethyvl- 1H-imidazol-2-yviimethvil-6-14-{ 1~
methvi-4-piperidyliphenvilisoindolin-1-one:hydrochioride

To a solution of 2-[{5-fluoro-2-methoxy-phenyh-[5-(triflucromethyl)-1H-imidazol 2-
viimethyl]-8-[4-(1-methyl-4-piperidylphenyllisoindolin-1-one (0.250 g, 0.432 mmol) in
dichloromethane (5 mL) at 0 °C was added boron tribromide (0.407 g, 4.32 mmol). After
stirring at room temperature for 1 h, the reaction mixture was diluted with dichloromethane
and poured into ice-water. The agueous phase was exiracted with dichioromethane three
fimes. The combined organic exiracts were washed with brine, dried over sodium sulfate,
filtered and concentrated under reduced pressure. The crude product was purified by
reverse phase HPLC eluting with 0-100% ACN/water (0.05% HCI modifier) to give the title
compound (0.122 g, 50%). "H NMR (400 MHz, DMSO-ds) 5. 10.58 (br s, 1H), 9.98 (br s, 1H),
7.88-7.96 (m, 2H), 7.80 (d, tH), 7.83-7.78 (m, 3H), 7.38 {d, 2H), 7.02-7.12 (m, 1H), 6.84-

154



10

15

20

WO 2021/096948 PCT/US2020/060001

5.98 (m, 2H), 8.70 (dd, 1H), 4.67 (d, 1H), 4.12 (d, TH), 3.49 (d, 2H), 2.99-3.16 {m, 2H), 2.80-
2.89 (m, 1H), 2.77 (d, 3H), 1.96-2.12 (m, 4H); MS m/z; 585.5 [M+1]+.

Example 20; Preparation of 2-[{R)-(5-fluoro-2-hydroxy-phenvi)-(4-methvi- {H-imidazol-2-

viimethvll-8-[4-{1-methyi-4-piperidviinhenvilisoindolin- 1-one and 2-[{ S)-(5-fluoro-2-bvdroxy-

phenvli-(4-methvi-1H-imidazol-2-vl methvil-8-{4-( {-meihvi-4-pinerdvi phenvifisoindolin- 1-one
{104 and 108)

o OO o 00O
)

N‘fj\/

),

2-{(5-Fluore-2-hydroxy-phenyh-(4-methyl-1H-imidazol-2-ymethyl}-6-[4-(1-methyl-4-

piperidyhphenylliscindolin-1-one (085, 0.020 g, 0.038 mmol} was purified by prep 5FC with a
Chiral Technologies Chiralpak IA (Bmicron 25010mm;) column @ 40 °C eluting with 35%
{0.3% TEA in MeQH) / 85% CO2 at 12 MPa to separate enantiomers. Absolute configuration
of the chiral center for each isolated enantiomer is unknown. First eluting peak {(104) (6.5
mg, 33% yield, 97.9:2.1 er); [a]*®% -88.2 {c = 0.0485, MeOH); "H NMR (DMSO-ds) &: 11.74-
12.04 {m, 1H), 10.08 (br s, 1H), 7.84-7.88 (m, 2H), 7.64 (br d, J=8.2 Hz, 3H), 7.35(d, J=82
Hz, 2H), 7.02 (1d, J=8.5 3.4 Hz, 1H}, 6.51-6.90 (m, 4H), 4.72 (br d, J=17.7 Hz, 1H), 4.11 {br
d, J=17.4 Hz, 1H), 2.88 {br d, J=10.9 Hz, 2H), 2.20 (s, 3H), 2.08-2.17 {m, 3H}, 1.82-2.02 (m,
2H), 1.59-1.81 {m, 4H);, MS m/z: 511.2 M+ 11", Second eluting peak (108) (7.3 mg, 37%
yield, 97.7:2.3 er); [01%%: +67.3 (¢ = 0.049, MeOH); 'H NMR (DMSO-ds) &: 11.74-12.20 (m,
1HY, 10.08 (br s, 1H), 7.82-7.90 (m, 2H), 7.65 (br d, J=8.2 Hz, 3H), 7.36 (d, J=8.2 Hz, 2H),
7.02 (¢d, J=8.6, 3.2 Hz, 1H), 8.52-86.91 (m, 4H), 472 (d, J=17.8 Hz, 1H), 411 (d, J=17.9 Hz,
1H), 2.88 {br d, J=11.1 Hz, 2H), 2.21 (s, 3H), 2.13 (s, 3H), 1.88 {d, J=11.3, 2.1 Hz, 2H},
1.58-1.84 {m, 4H}; MS m/z 511.3 [M+1]".

Example 21: Preparation of 8-f{R)-1H-benzimidazol-2-vi-{5-flucro-2-hvdroxy-phenylimethyil-
2-[4-{ T-methyl-4-piperidvi) phenyll-5H-pyrrofof 3, 4-bipyridin-7-one and &6-[(S)-1H-
benzimidazol-2-yi-(5-flucro-2-hvdroxy-phenviimethvil-2-[4-( 1-metfi-4-piperidvii phenyll-5H-
pvrrolof 3. 4-bipyridin-7-one {108 and 107)

Qo 50O
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&-[1H-Benzimidazol-2-yl-(&-fluoro-2-hydroxy-phemyly methyl]-2-[4-(1-methyl-4-
pipsridylphenyil-SH-pyrrolo] 3, 4-blpyridin-7-one (028, 0.020 g, 0.037 mmol) was purified by
prep SFC with a Chiral Technologies Chiralpak 1A (Bmicron 250:10mm) column @ 40 °C
siuting with 55% {0.3% TEA in MeOH) / 48% CO2 at 10 MPa to separate enantiomers.
Absolute configuration of the chiral center for each isolated enantiomer is unknown. First
eluting peak (106) (2.8 mg, 14% vield, 88.51.5 er); [u® -12.3 (¢ = 0.06, MeOH); 'H NMR
{DMS0-ds) & 7.96-8.09 (m, 4H), 7.38-7 51 (m, 2H), 7.33 {d, J=8.3 Hz, 2H}, 7.08-7.18 (m,
2H), 6.94-7.08 (m, 2H), 8.83 {dd, J=8.9, 4.8 Hz, 1H), 8,78 (dd, J=9.3, 31 Hz, 1H), 4.72 {d,
J=17.9 Hz, 1H}, 414 (br d, J=17.7 Hz, 1H), 2.75-2.88 {m, 2H), 2.13 (s, 3H), 1.91 {4, J=11.0,
1.5 Hz, 2H), 1.56-1.78 (m, 4H); MS mv/z: 548.3 M+ 1], Second eluting peak (107) (8.1 mg,
0% yield, 97.2:2.8 er); [0]®5+21.8 {c = 0.055, MeCH); "H NMR (DMSO-ds) & 12.56 (br s,
1H), 8.92 (br s, 1H}, 7.94-8.13 (m, 4H}, 7.46-7.57 (m, 1H), 7.36- 7.44 {m, 1H), 7.33 (d, J=8.3
Hz, 2H}, 7.11 (br s, 2H), 7.00-7.05 (m, 1H), 8.98 (s, 1H), 6.84 (dd, J=8.9, 4.8 Hz, 1H), 8.75
{dd, J=8.3, 3.1 Hz, 1H), 473 (d, J=17.9 Hz, 1H), 411 {d, J=17.9 Mz, 1H), 2.73-2.88 (m, 2H},
2.13 (s, 3H), 1.80-1.97 (m, 2H), 1.53-1.78 (m, 4H); M8 m/z 548.3 [M+17"

The following examples were prepared by & similar methoed to Compound 689 from methyl
2-bromo-2-{5-flucro-2-{metheoymethoxy)phenyilacetate and the corresponding boronats

starting material:

No. | Structurs / Name miz H NMR (DMSO-db) 6 Starting

M1} materials
108 A7 | 10.15-10.41 (m, 2H), 829 (d, 4

S /{yJ J=8.3 Hz, 1H), 8.01 (5, 1H), 7.86 a

\’:/\,/KNH ’/Y\ - (brd, J=8.4 Hz, 1H), 7.78 (d, E>I"

A A J=8.3 Hz, 2H), 7.43-7.70 (m, :

HO_ j\ h! _ 5H), 7.28-7.42 (m, 3H), 7.12- %»

ﬂ\y}\ 2HCt 7.22 (m, 1H), 6.96-7.05 (m, 1H), ot

F 6.84-6.04 (m, 1H), 6.70-6.82 (m, Py

e 1H), 3.80-3.94 (m, 1H), 3.23- o
- ‘;’h‘ :“;y"f ;’_”}’ {Z“il f.f{h"{ ;( - 3.36 (m, 1H), 2.88-3.12 (m, 1H),
methyl-3-azabicyclof4 1 Ojneplan- 2.84-2.96 (m, 1H), 2.70 (br d,

B-yhphenyliisoquinolin-1- J=4.4 Hz, 4H), 2.27-2.41 (m,
cne;dihydrochloride 1HY, 1.47-1.61 (m, 1H), 1.08-
1.38 {m, 2H)
109 J:’\;N/ 577.3 | 10.48 {or s, 1H), 10.26 (br s, 5
PN 1H), 8.30 (d, J=8.3 Hz, 1H}, 8.07
o AN u- (s, 1H), 7.90 (br d, J=8.3 Hz, Y
\-x’N/ N :]/ 1H), 7.71 (or d, J=10.0 Hz, 2H), *\ff\i
Ho. A, ! -~ 7.61-7.67 (m, 3H), 7.4 (brt, S
\&;J\F ane J=7.8 Hz, 1H), 7.31-7.40 (m, oo

L Benzimidazoha.vi-(5-fu aH), 7.42-7.23 (m, 1H), 6.96-
-[1H-Benzimidazol-2-yl-(5-fluoro- 7.06 {m, 1H), 8.589 {br d, J=7.8

2-fydroxy-phenymethyl]-8-[3- Mz, 1H), .78 (d, J=7.6 Hz, 1H),
fluoro-4-(1-methyl-4- 3.43-3.57 (m, 2H), 3.06-3.22 (m,
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piperidyhphenyllisogquinolin-1-
one;dihydrochlioride

3H), 2.73-2.85 (m, 3H), 1.8
2.22 {m, 4H)

The following examples were prepared by a similar method to Compound 070 from methyl

2-bromo-2-{5-fluoro-2-(methoxymethoxyiphenyl}acetate and the corresponding boronate

starting material

No. | Structure / Name wE H NMR (DMSO-ds) & Starting
M+t materials
110 589.3 10.06-10.33 (m, 1H}, 7.80-7.89 &
J:D/J; {m, 3H), 7.45-7.68 (m, BH), 7.28- B
(\\ JNH P /\ 7.41 {m, 3H), 717 {(br s, 1H},
N/\ ! Lz/ 6.83-7.02 {m, 1H), 8.78-6.91 (m,
HC) \ll/ 1H), 8.88-8.78 (m, 1H}, 3.81-
2HCt 3.96 (m, 2H), 3.24-3.38 (m, 1H),
2.99-3.12 (m, 1H), 2.84-2.98 (m,
2-{1H—Benz;mida;%cai—.‘z-yi—(s-ﬂuom— TH), 2.64-2.83 (m, 4H), 2.24-
2~hydmxy-phenyi)metlhyi}-éB—ﬂuom- 2.39 (m, 1H), 1.46-162 (m, 1H),
6—i4—(3-methyi*?s—angscycr:m{é.1 0} 1.07-1.30 (m, 2H)
heptan-6-yphenyllisoquinolin-1-
one;dihydrochioride
111 f"\r\” 585.3 10.41 {brs, 1H), 10.25 (br s, &
_____ ii/\ iH), 7.93 (5, 1H), 7.61-7.81 (m, [ \,
<\ N j 5H), 7.57 (s, 1H), 7.44 (brt, i ~
ﬂl J=8.0 Mz, 1H), 7.32-7.40 (m, vx’\?
0. ; 3H), 7.11-7.23 (m, 1H), 6.95- Ny
(% 2HCH 7.03 {m, 1H), 6.83-8.93 {m, 1H), B,
\/ AN : ’ ! ; [oglin ¢
5B ezl 2yl (5-1] i 6.75 {brd, J=7.2 Hz, 1H), 3.45- A
[1H-Benzimidazol-2-yl-(5-fluoro 3.57 (m, 2H), 3.06-3.22 (m, 3H), P
2~hyc;'imxy-phenyi)methyi}-&ﬂu.uro- 2.75-2.84 (m, 3H), 1.92-2.16 (m,
§-[3~-fluoro~4-(1~-methyl-4-piperidyl- 4
phenviisoquinolin-1-one; ’
dihydrochloride

5
Exarmple 22: 2-{1H-Benzimidazol-2-vi-deuterio-(5-fuoro-2-hvdroxy-phenviimethyl-6-14-(1-
methvi-4-pipendyvliphenvilisoguinolin-1-one {112}
Scheme 22
10 Rac-2-(1H-1,3-benzodiazol-2-yh{5-fluore-2-hydroxyphenymethyl]-6-[4-(1-

methylpiperidin-4-yhiphenyii-1, 2-dihydroisoquinalin-1-ong (089, 20.4 mg, 0.0365 mmol) was
dissolvad in dry tetrahydrofuran (1 mi) in a vial equipped with a stir bar. Deuterium oxide

{350 ub, 12.3 mmoh was then sdded with stirring followed by N N-diisopropylethylamineg
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(38.1 pk, 219 pmol). The reaction vial was sealed and the reaction was allowed to stir at 70
°C for 60 hours. An THNMR (DMSO-ds) of the reaction solution indicated ~100%
incorporation of deuterium on the methine carbon based on the disappearance of the
methine peak @ ~7.87 ppm. The reaction was cocled to room tempearature and the solvenis
wers remoeved under reduced pressure. The crude product was purified by silica gel column
chromatography eluting with 0-15% (7N NHs; in methanol) in DCM to give the title compound
{14 mg, 88%). 'H NMR (DMSO-ds, 400 MHz) & 11.8-13.5 (m, 1H), 9.6-10.9 (m, 1H), 8.28 (d,
1H), 7.94 (s, 1H}, 7.81(d, 1H), 7.7-7.8 (m, 2H}, 7.54 {br s, 2H), 7.3-7.4 (m, 2H), 7.28 (d, 1H),
7.49 (brdd, 2H), 7.08 (df, 1H), 6.88 (dd, 1H), 8.8-6.7 {m, 2H), 2.88 (br d, 2H}, 2.5-2.7 (m,
1HY, 2.20 (s, 3H), 1.8-2.0 (m, 2H}, 1.6-1.8 (m, 4H); MS m/z 5803 [M+1]

The following example was prepared by a similar method to Example 22 from 2-{1H-
benzimidazol-Z-yi-(5-fluoro-2-hydroxy-phenylimethyll- 8-fluoro-8-{4-(1-methyl-4-
piperidylphenyiliscquinolin-1-one (G70):

No. | Structure / Name mr H NMR (DMSO-ds) §
(M
113 N 5783 12.7-12.8 (m, 1H), 9.8-10.1 {m, 1H), 7.7-7.8
Ny (m, 3k, 7.4-7.86 (m, 3H), 7.39 (brd, 2H,
(":}NH 2 k/ﬂ; J=T 9 Hzy, 7.29(d, 1H, J=T 8 Hz), 7.20 (or
\‘—'\N,; D &Elfﬁ s, 2H), 7.0-7.2 {m, 1H), 6.90 (dd, 1H, J=4 .8,
H'\) L 8.7 Hz), 8.6-8.7 {m, 24}, 2.89 (brd, 2H,
A f \ J=10.8 Hz), 2.5-26 (m, 1H), 2.21 (5, 3H),
F e 2.00 {brt, 2H, J=10.8 Hz), 1.6-1.8 {m, 4H)

2-[1H-Benzimidazol-2-yh-deuterio~{5-
fluoro-2-hydroxy-phenvhmethyi]-8-
fluoro-6-[4-(1-methyi-4-
piperidyhphenyllisoquinalin-1-one

Example 23 FPreparation of 2-{{S)-1H-benzimidazol-2-vi-deuterio-( 5-flucro-2-hveroxy-

phenviimethyil-6-14-{ 1-methyi-4-pipendviiphenvilisoguinclin- 1-one and 2-[(R}-1H-

benzimidazol-2-vi-deuterio-{5-fluoro-2-hvdroxy-phenvdimetiiil-6-14-{ 1-methivi-4-

piperidvliphenvllisoguinclin-1-one (114 and 115)
Scheme 23

Rac-2-(1H-1, 3-benzadiazob-2-yh{5-fluore-2-hydroxyphenylmethyi]-8-[4-(1-
methylpiperidin-4-yhiphenyil-1,2-dihydroisoguinalin- 1-ong (088, 50 myg, 0.080 mmol) was

dissoived in dry tetrahydrofuran (2 mb) in a vial equipped with a stir bar. Deuterium oxide
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(1600 pL, 55.4 mmold) was then added with stirring followed by N,N-diisopropylethylamineg
(82.2 pk., 358 pumol). The reaction vial was sealed then the reaction was allowed o stirat 70
°C for 80 hours. An THNMR (DMSO-d) of the reaction solution indicated ~100%
incorpoeration of deuterium on the methine carbon based on the disappearance of the
methine peak @ ~7.87 ppm. The reaction was cooled to room temperature then evaporated
to leave crude product which was dissolved in 5 mi THF. 75 ul of 2 38 wi% DClin DO
solution was then added dropwise with stiring. Afler 10 minutes, the reaction solution was
concentrated, and the residue was dried under vacuum overnight to give crude product as
the bis DCI salt. The crude product was purified to separate enantiomers using a Chiralpak
IG {(10x250 mm 5 micron) column eluting with 55% (0.3% TEA in MeOH) / 45% CQO: at back
pressure reguiator (BPR) value of 10 MPa and flow rate of 7 mi/min on a Jasco semi-prep
SFC. Absolute configuration of the chiral center for each isolated enantiomer is unknown.
First eluting peak (114) (19.7 mg, 37%, 100:0 er}; [0]®5-13.6 {c = 0.0815, MeOH), 'H NMR
{(DMSEO-ds, 400 MHz) &: 11.9-13.5 (m, 1H), 9.6-10.9 (m, 1H), 8.28 (d, 1H), 7.94 (s, 1H), 7.81
{d, 1H), 7.7-7.8 {m, 2H), 7.54 (br s, 2H}, 7.3-7.4 (m, 2H), 7.29 (d, 1H), 7.19 {br dd, 2H), 7.08
{dt, 1H), 6.88 (dd, 1H), 6.6-6.7 (m, 2H), 2.88 {br d, 2H), 2.5-2.7 {m, 1H), 2.20 (5, 3H), 1.9-2.0
{my, 2H), 1.8-1.8 {m, 4H) ; MS m/z 560.3 [M+11".  Second eluting peak (115} (18.8 myg, 36%,
99.7:0.3 en); [01¥ +14.2 (¢ = 0.0705, MeOH); "H NMR {DMSQ-ds, 400 MHz) & 11.8-13.5
(m, 1H), 9.6-10.9 (m, 1H}, 8.28 (d, 1H), 7.94 {5, 1H), 7.81(d, 1H), 7.7-7.8 (m, 2H), 7.54 (br s,
2Hy, 7.3-7.4 (m, 2H), 7.29 (d, 1H), 7.189 {br dd, 2H), 7.08 (dt, 1H), 6.88 (dd, 1H), 8.6-8.7 (m,
2H)y, 2.88 {br d, 2H}, 2.5-2.7 (m, 1H), 2.20 (s, 3H), 1.9-2.0 (m, 2H}, 1.6-1.8 (m, 4H); M3 m/z:
560.3 (M+17

The following examples were preparad by a similar method to Example 23 from 2-[1H-
benzimidazol-2-yi-(5-fluoro-2-hydroxy-phenylimethyl}l-8-fluoro-6-[4-(1-methyl-4-
pipsridyliphenyilisoquinolin-1-one (070). The absolute configuration of the chiral center for

each isolated enantiomer is unknown:

No. | Structure / Name miz H NMR (DMSO-db) 8 Qptical
M1 rotation
118 N7 5783 12.7-12.8 (m, 1H), 8.2-10.1 [a]*%-11.8 {c
ﬁf\j/i\) {m, 1H). 7.7-7.8 {m, 3H}, 7.4- | = 0.0585,
TN Koz 7.6 {m, 3H), 7.39 {bor d, 2H, MeOH)
QT,NHD ,‘f | \j/\ JET G My, 728 (d, 1H, =76
Hz o ;f/ Hzy, 7.20 (brs, 2H), 7.0-7.2

) E \s (m, 1H), 6.80 (dd, 1H, J=4.8,

Fp 8.7 Hz), 6.8-8.7 {m, 2H), 2.89
2-[1H-Benzimidazol-2-yl-(5-fluoro- {(brd, 2H, /=106 Hz), 2.5-26
2-hydroxy-phenylmethyll-8-fluoro- {m, 1H), 2.21 (s, 3H), 2.00 (br
§-[4-{3-methyl-3-azabicyciol4. 1.0} {, 2H, J=10.8 Hz), 1.68-1.8 (m,

4H)
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heptan-6-yhphenyllisoquinelin-1-
one;dihydrochlioride

5783 | 12.7-12.8 (m, 1H), 6.9-10.1 [ 14 8
(m, 1H), 7.7-7.8 (m, 3H), 7.4- | (c = 0.061,
7.6 (m, 3H), 7.39 (or d, 2H, MeOH)
J=T.9 Hz), 7.20 {d, 1H, J=7.6
Hzy, 7.20 (br s, 2H), 7.0-7.2
(m, 1H), 8.90 (dd, 1H, J=4.8,
8.7 Hz), 6.6-6.7 (m, 2H), 2.89

2-{1H-Benzimidazol-2-yl-(5-fluoro- {brd, 2H, J=1086 Hz), 2.5-2.8
2-hydroxy-phenylmethyll-8-flucro- {m, 1H), 2.21 (s, 3H), 2.00 (br
§-{3-fluorg-4-(1-methyi-4- {, 2H, y=10.8 Hz), 1.6-1.8 (m,
pipsridybphenvl]isoquinolin-1- 4H)

one;dihvdrochloride

Example 24: 2-({ 1H-Benzoldlimidazol-2-vii{ 5-fluoro-6-(4-( 1-methvipipsridin-4-viiphenyll-2H-
indazol-2-viimethyli-4-fuoropheno! (118}
Scheme 24

F
""" . \_/ N
Step 4 Q“E\‘h ;"52 TN A )
--------------- oo N N‘N/
HO
Q
5 N
Step 1. Mathyl 2-(8-bromo-5-fluprn-2H-indazel-2-yD-2-(5-flucre-2-(methoxymethoxyiphenvh
acelate
F
\O’L\/N‘N/ ----- ’

Methyl 2-bromo-2-(5-fluore-2-(methoxymethoxy)phenvilacetate (513 mg, 1.67 mmol) was

10 added to g suspension of 8-bromo-5-flucsro-Z2H-indazole (380 mg, 1.67 mmol) and cesium
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carbonate (851 myg, 2.09 mmol) in CHaCN (16 miL) and the mixture was stirred at 0°C for 1
hr, and then at RT for 18 hrs. The mixture was partitioned between water and E0Ac, and
the aqueous layer exiracted with EtOAc {3 x 30 mL). The combined organic layer was
washed with brine, dried (Na,304), filtered and the residue purified by silica chromatography
{0 - 20% EtOAc in Hex) to give the tile compound (204 mg, 18%) as a solid. 'H NMR
(CDCI3-¢) 8: 800 (d, 1H), 7.92 (s, 1H), 7.31 (d, 1H}, 7.20 (dd, 1H), 7.13 (m, 1H), 7.11 (d,
1H), 6.80 {5, 1H)}, 518 {d, 1H)}, 5.14 (d, 1H}), 3.86 {5, 3H), 3.35 {s, 3H); ME m/z 442 8
IM+1T.

Step 2. 2-{(5-Fluoro-2-imethoxymethoxyiphenvh)-2-{ 5-fluoro-8-{4-{1-methvipiperidin-4-

viiphenyli-2H-indazol-2-vliscelic acid

A mixture of methyi 2-{(8-bromeo-5-fluors-2H-indazol-2-v)-2-(5-fluoroe-2-(methoxymethoxy)-
phenybacetate (205 mg, 0.47 mmol), t-methyl-4-(4-(4,4.5 5-tetramethyl-1,3, 2-dioxaborolan-
2-yliphenylpiperidine (147 mg, 0.48 mmol), Pd(dpphHiClz. DCM (38 mg, 0.047 mmol) and
sodium carbonate (149 mg, 1.41 mmol) in dioxanewater {(3:1, 3 mL) was degassed and re-
suffused with nitrogen three times. The mixiure was healed at 100°C for 4 hours under
nitrogen. After cooling, the reaction mixiure was filtered and purified by reverse phase
HPLC, sluting with 0-80% ACN/water {0.035 %TFA modifier) to give the title compound (117
mg, 48%). 'H NMR (DMBO-ds) 5: 9.35 (brs, 1H), 8.47 (s, 1H), 7.72 (d, 1H), 7.56 (m, 3H),
7.38 {d, 2H), 7.27 {m, 1H), 7.22 (dd, 1H), 7.18 {dd, 1H), 86.83 (s, 1H), 5.25 (d, 2H)}, 5.22 (4,
2H), 3.58 (d, 2H), 3.32 (s, 3H), 3.11 (m, 2H), 2.87 (m, 1H), 2.84 (d, 3H), 2.08 {m, 2H), 1.87
{m, 2H); MS mv/z 521.9 M7

Step 3. N-{2-Aminophenyhi-2-{5-fluorg-2-(methoxymethoxyiphenyh-2-{5-flucre-8-(4-{1-

methyipiperidin-4d-vliphenyh-2H-indazol-2- vl)acetamzde

/j\ et / ————— .
NH r» N—

zN,)/}\

/O\/O\vfr

S

A mixture of 2-(6-bromo~-{5-Fluore-2-(methoxymethoxy)phenyh)-2-(5-fluoro-8-(4-(1-
methylpiperidin-4-yiiphenyl)-2H-indazol-2-yliacetic acid {117 mg, 8.48 mmal), benzene-1,2-
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diamine (156 mg, 1.44 mmol}, HATU (385 mg, 0.98 mmaol), DIEA (250 mi, 1.44 mmol) and
degassed DMF (3 mlL) was stirred for 1 hour. The reaction mixture was purified by reverse
phase HPLC, eluting with 0-80% ACN/Mwater (0.035 %TFA maodifier) to give the title
compound. H NMR (DMSQ-ds) & 9.92 (s, 1H), 9.33 (br s, 1H), 8.31 (s, 1H), 7.73(d, 1H},
7.57 (m, 3H), 7.368 (d, 2H), 7.28 {m, 1H), 7.27 (dd, 1H}, 718 (dd, 1H}, 7.01 (dd, 1H), 8.99 (s,
1H), 8.98 {m, 1H), 8.74 {d, 1H), 6.58 (m, 1H), 524 (d, 1H), 519 (d, 1H}, 3.55 (d, 2H), 3.25
(s, 3H), 311 (m, 2H), 2.87 (m, 1H), 2.84 (d, 3H), 2.08 {m, 2H), 1.86 {m, 2H).

Step 4. 2-({1H-Benzoldlimidazol-2-yh{5-fluoro-6-(d-(1-methvipiperidin-4-yhghenyli-2H-
indazol-2-viimethvi-4-fluorophens! (118

F
/

Vs dw Tavabe

N* N
HO
\E/ :
\\ i 'F

The material from step 3 was heated in AcOH (5 mbL) at 100°C for 1 hr. The solvent was
removed under reduced pressure, and the residue was dissolved in 1.1 TFADCM (5 mL) for
5 hrs. The reaction mixture was purified by reverse phase HPLC, elufing with ¢-80%
ACNMwater (0.025 %TFA moaodifier) to give the title compound (39 mg, 13% over 3 steps). 'H
NMR (DMSO-ds) & 10.18 (br s, 1H), 2.36 {br s, 1H}, 8.48 (s, 1H}, 7.71 {4, 1H), 7.58 (d, 2H),
757 (m 4H), 7.35(d, 2H), 7.24 (m, 2H), 7.12 (dd, 1H), 8.93 (dd, 1H), 8.87 (dd, 1H), 3.54 (d,
2HY, 310 (m, 2H), 2.88 (m, 1H), 2.84 (d, 3H), 2.08 {m, 2H), 1.88 (m, 2H); MS mv/z 550.0
IM+1T

The following example was prepared by a similar method to Example 24 from methyl 2-
bromo-2-(5-fluoro-2-(methoxymethoxyiphenylacetate and the corresponding bicyclic

starting material:

No. | Structure / Name miz H NMR (DMSC-ds) & Starting
M1 materials
118 i 550.0 10.21 (brs, 1H), 8.43 (brs, E
Q‘NH G,(\"‘/ f‘"\// ’N"_ 1H), 8.70 (s, 1H), 7.74 (m, N’Ti\&
NN /r&*N,}"” 3H), 7.81 {s, TH), 7.58 (m, ﬁ P g
HO 2H), 7.34 (d, 2H), 7.24 (m,
\ESD\, ™ 2H), 7.20 {d, 2H), 7.13 (m,

o ) 1H), 6.94 (m, 2H), 3.54 (d,
2-{{1H-Benzo{dlimidazol-2-yh{(4- 2H), 3.10 (m, 2H), 2.85 (m,
fluoro-6-{4-(1-methylpipsridin-4- 1H), 2.83 {d, 3H), 2.08 (m,
vhpheny)-2H-indazol-2-yiimethyiy- 2H), 1.85 (m, 2H)
4-fluorophenol; frifluorcacetate
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Scheme 25
O
\O)L\I/Er
Step 1 |

|
O . /O\/O\@\

Step 1. methyl 2-bromo-2-(5-flucro-2-{methoxymethoxyiphenvllacetats

(]
~a /IL\/ Br

/’OVO@
g

To a solution of methyt 5-fluore-2-(methoxymethoxylbenzeneacetate (500 g, 21.8
mmol} in chioroform (80 mL) was added N-bromosuccinimide (4.66 g, 26.2 mmol} and
benzoyl peroxide {0.520 g, 2.19 mmol). After stirring at 80 °C for 16 h, the solvent was
removed under reduced pressure. The crude compound was purified by silica gel column
chromatography eluting with 0-5% ethyl acetate in petroleum sther to give the title
compound (2.4 g, 38%). "H NMR (400 MHz, CDClL) 8: 7.31 (dd, 1H), 8.97-7.03 {m, 1H),
8.87-8.85 (m, 1H), 576 (s, 1H), 512 (d, 2H), 3.72 (s, 3H), 3.41 (s, 3H).

Example 25: HTRF-hbased EGFR biocherical assays

EGFR biochemical activity measurements wers carried out using the homogeneaous

fime-resolved fluorescence (MTRF} assay (Cishio}. inhibitors and DMSO normalizations
were first dispensed to emply black low-volume 384-well plates (Corning) with D200 digital
liquid dispenser (HP). All reactions were carried out at room temperature and solutions were
added to plates with g Mullidrop Combi Reagent Dispenser {ThermoFisher). The reaction
mixture (10 ul final volume) contained 1 uM tyrosine kinase peplide-bietin substrats and
mutant EGFR in a reaction buffer (50 mM HEPES pH 7.0, 5 mM MgCl,, 1 mM MnCl,, 0.01%
BSA, 2 mM TCEP, 8.1 mM NaVQ4). Enzyme concentrations were adjusted {o accommodats
varying kinase activities (LB58R 0.1 nM, L8S8R/T790M .02 nM). Enzyme reaction solution
(2x concentrations, 5 yb) was added to 384-wal] plates containing compounds and
incubated for 30 mins. Enzyme reactions were initiated with the addition of S L of ATP to a
final concentration of 100 UM and reacted for 20 mins. Reactions were quenched with the
addition of 10 pl of phospho-tyrosine antibody-Europium(lil) cryptate {(1-t0-180 volume ratio)
and Streptavidin-XLE65 (46.7 nM) in EDTA-containing detection buffer, then incubated at
room temperature for 1 hour, and read with a PHERAstar plate reader {excitation = 337 nm,
emission = 820 nm and 865 nm). iCs values wers determined by inhibition curves (11-point

curves from 1.0 uM o 8.13C nM or 23-point curves from 1.0 uM to 0.130 pM) in triplicate
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with non-linear least squares fit in GraphPad Prism 7.0d. The data obtained are shown in

Table 7 below.
Table 7.

No. HTRF ICs EGFR HTRF [Cs EGFR
LB58R/T7O0M, nM L853BR, nM

001 .4 1
002 4 17
003 8
004 0.4 1
005 1 8
008 0.5 2
007 0.4 1
008 5 42
008 0.4 3
010 4 12
011 10 15
012 6] 43
013 33 22
014 0.3 2
015 2 15
0186 7 3
017 1
018 8
018 1 4
021 2 &
022 0.1 0.3
023 1 8
024 a.5 2
028 11 150
028 7 28
028 0.2 2
028 0.6 2
30 35 80
031 8 45
032 0.3 2
033 8 24

164



WO 2021/096948

PCT/US2020/060001

034 0.7 4

03% 42 507
038 0.7 2.6
037 0.5 1.4
038 & 13

(38 0.5 2.9
040 2

041 2

042 13 31

043 73 49

044 2 5]

045 18 3z

(048 0.7 4

047 2 14

048 4 35

04¢ 2 5]

050 2 21

051 1 10

(52 P4 5

053 1 &

(54 0.4 2

055 1 2

056 8 12

057 17 37

058 12 a7

05¢ 13 =100
060 18 27

(61 11 &9

082 0.7 3

083 2 9

064 20 31

065 a.5 2

068 3 14

087 4 11

068 166 756
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08e 5 9
07¢ 1 4
071 20 >100
073 14 21
074 1 2
075 0.7 1
078 2 2
077 2 2
078 1 3
079 0.8 3
080 0.6 3
081 0.8 §]
(82 0.6 3
(83 0.6 1
084 232 219
085 28 13
088 25 >100
nav7 25 =100
000 8 11
091 & 12
(82 1 4
093 4 3
84 2 1
095 59 92
(008 0.8

097 36 18
098 §]
008 10
100 14
101 0.8

102

104

105 48 &5
106 0.8 3
107 17 71
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108 2 5
10¢ 2 4
110 a8 3
1H1 0.6 3
112 3
113 4 14
114 0.9 2
115 157 132
116 8.2 0.8
117 81 >100
118 & 16
119 3 11

Example 26: Ba/F3 cell proliferation models

The EGFR mutant L858BR and LBSSR/T720M Ba/F3 cells have heen previously
described (Zhou, W, et al. Nature 462, 2009, 1070-1074). All cell lines were maintained in
RPMI 1640 (Celigro; Mediatech Inc., Herndon, CA} supplemented with 10% FBS, 100

units/mb. penicillin, 100 units/mi streptomyein. The £GFR 1941R mutation was infroduced

vig site directed mutagenesis using the Quick Change Site-Directed Mutagenesis kit
{Stratagene; La Jolla, CA} according o the manufacturer's instructions. All constructs were
confirmed by DNA sequencing. The constructs were shuttied into the retroviral vector
JP 1840 using the Cre-recombination system (Agilent Technologies, Santa Clara, CA). Ba/F3
cells were then infected with retrovirus per standard protocols, as described previously
{Zhou, et al, Nature 2000). Siable clonas were obtained by selection in puromycin (2 pg/mi).
Growth and inhibition of growth was assessad by the Cell Titer Glo assay (Promega,
Madison, W) and was performed according to the manufacturer’'s instructions. The Cell Titer
Glo assay is a luminescence-hased method used to determing the number of viable cells
based on guantitation of the ATP present, which is directly proportional to the amount of
metabalically active cells present. Ba/F3 cells of different £GFR genotypes were exposed o
compounds as a single agent or in combination with 1 ng/mL cetuximab for 72 hours and the
number of cells used per experiment was determined empirically as has been praviously
gstablished {(Zhou, et al., Nature 2009). All experimental points were set up in triplicates in
384-well plates and all experiments were repeated at [east three times. The luminescent
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 ware filted using a non-linear regression modsl with a sigmoidal dose response. The

rasulis of this assay for the compounds disclosed herein are shown in Table &
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Table 8.
Ceil ICso BaF3 Cell iCso BaF3 EGFR | Cell ICs0 BaF3 Cell ICso BaF3
No. EGFR LBBER/TTI0M EGFR L858R, EGFR L858R
LESBR/TTOOM, uM {+ cetux.), uM uhd (* cetux), uM
001 0.32 0.009
002 4.45 0.14
003 1.4 0.05
004 0.09 0.01 0.24 0.03
005 1.22 0.02
006 0.28 0.005 1.10 0.08
007 0.52 0.009
008 5.41 .17
009 0.94 0.02 3.89 0.18
010 1.83 0.02
011 1.82 0.01
012 0.82 0.01
013 >10 0.26
014 0.71 0.01 0.81 0.08
015 1.1 0.02
016 0.59 0.01
017 0.26 0.008
018 3.49 0.02
018 1.87 0.01
020 0.44 0.008 1.36 0.17
021 1.85 .02
022 0.38 0.005 0.64 0.04
023 0.5 0.02
024 0.44 0.007 1.18 0.06
025 3.05 0.18
028 2.28 0.08
028 1.38 0.03
029 0.78 0.02
030 =10 0.33
031 =10 0.37
032 0.21 0.007 0.98 0.05
033 523 0.34
034 0.42 0.005 1.43 0.08
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0358 3.6 0.53

036 0.17 0.007

037 0.16 0.004

038 0.83 0.041

(39 0.28 0.014

040 1.57 0.01

041 .85 0.02

042 4.00 0.24

043 4.94 .58

D44 1.50 0.08

045 3.74 147

046 0.86 0.02

047 1.84 80.08

048 4,78 0.76

048 2.54 0.02

050 3.85 (.85

051 3.82 1.05

052 4.18 .37

053 0.58 0.005

054 1.08 0.02

085 .10 0.01

086 1.28 0.01

057 0.55 0.01

058 1.42 0.02

050 0.79 0.01

080 5.80 0.1

081 0.78 8.02

062 0.85 0.02

063 0.80 0.05 1.08
064 0.22 0.02 0.67
065 0.03 .13
0ge 0.52 0.01 .38
g7a 0.67 0.005 0.1
071 1.38 0.23 1.21%
073 0.58 0.02 0.83
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074 0.12 0.02 .11
075 0.09 0.02 0.1
gv7e 0.14 0.03 0.09
g77 0.45 0.05 0.1
78 0.31 0.02 0.68
079 .19 0.007 0.83
080 0.21 0.01 0.5
081 0.21

g8z 0.22 0.02 0.67
083 0.2 0.63
085 1.28 0.05 0.78
086 3.22 3.64
087 1.32 1.37
089 595 4.53
080 g.88 0.02 1.43
081 1.05 .12 1.78
092 0.1 0.01 a.82
100 0.53 2
118 1.31 4.08
119 0.42 0.78

The disclosed subject matter is not to be limited in scope by the specific

smbodiments and examples described herein. Indeed, various modifications of the

disclosure in addition to those described will become apparent {o those skilled in the art from

the foregoing description and accompanying figures. Such modifications are intended 1o 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 specificaily

and individually indicated to be incorporated by reference in its entirety for all purposes,

Other embodiments are within the foillowing claims.
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CLAIMS
1. A compound of Formula I
Al W
Az ‘ X
4 ! !
R ;\T/N Z,;,‘r’
RE
{

or a pharmaceutically acceptable salt thereof,

whereir:

A and A’ are each, independently, CH, CR®, or N;

W and Z are each, independently, N, CH, C-halo, C-(C+-C; alkyD), or C-{C-Cs
atkoxy);

XandY are each, independently, N, CH, or CR®;

provided that at leastone of W, X Y, or Z is CH;

R is seiected from the group consisting of 8-10 membered aryl, 5-10 membered
heleroaryl, 3-10 membered heterocycloalkyl, and 3-10 membered cycioalkyl, all of which are
optionaily substituied with one, two, or three RE,

R% is selected from the group consisting of 8-10 membered aryl, 5-10 membered
heteroaryl, 3-10 membered heterocycloalkyl, and 3-10 membered cycloalkyi, all of which ars
optionally substituted with one, two, or three R,

R® is independently, at each occurrence, selected from the group consisting of
halogen, OR* NRRY, SO:R*, SONHR*, NHSO:R*, C{OJOR*, C{OINHR?, C{OR*, C1-Ce
alkyl, C»-Cs alkenyl, Co-Ce alkynyl, 3-7 membered cycloalkyl, Cs-Cr cycloalkenyl, Ca-Cig anyl,
5-8 memberead heteroaryl, and 5-7 membered heterocyclyl, wherein alkyl, alkenyl, or atkynyl
are each optionally substituted one, two, or three times with R*, and wherein aryi, heteroaryl,
or heterocyclyl are each optionally substituted one, two, or three times with R

R*is independently, at each occurrence, selectad from the group consisting of H,
{CHo)o.e-{Cs-Cr cycloaikyl), (CH2)ea(Ca-Cr cycloalkenyl), (CHa)oa{Ca-Tho aryl), (CH2)o-(5-6
membered heteroaryl), and (CHa)os(5-¥ membered heterocyclyl), wherein the aryi,
hetercaryl, or heterocyclyl 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
atkyl, C-Cs haloalkyl, C+-Cs alkoxy, C1-Ce haloalkoxy, C+-Cs alkylamineg, 3-10 membered
cycloatkyl, halogen, COOH, C{OYO(C1-Ce alkyl), G{CHz)1.2-OH, NHz, NH{C+-Cs alkyl), N{Cs-
Cs alkyl)z, OH, CN, (CHaos-{Ca-Cra aryl), {CHajoa-(5-6 membered heteroaryl), and (CHa)as-
{57 membered heterocychyl), wherein the aryl, heteroaryl, or heterocyclyl are each optionally

substituted one, two, or three times with R'
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RS is independently, at each occcurrence, sselectad from the group consisting of Ci-Cs
alkyl, C+-Cs haloalkyl, C.-Cs alkoxy, C+-Cs haloalkoxy, Ci-Cs alkylamine, halogen, OH, NO;,
NHz, NH{C:-Cs alkyly, N{C:-Cs alicyl)a, (CH2)1.4OH, S(O)o2H, S{O)-2NHz, or CN;

alternatively, two R®, together with the atoms to which they are attached, can form 5-

5 10 membered heleroaryl, 6-10 membered aryl, 3-10 membered heterocycloalkyl, or 3-10
memberad cycloatkyl;

R’ is independently, at each ocourrence, selected from the group consisting of
substituents independently selected from Cq-Gs alkyl, Ci-Cs haloalkyl, Ci-Cs alkoxy, C+-Cs
haloatkoxy, halogen, NH», NH{C+Cs alkyl), N(C1-Ce alkyl)e, SCaNH2, SONH{C-Cs alkyly,

10 SON(C-Cs alkyl)y, {CHah-OH, CIOWCH)10-OH, C{OY)C+-Ca alkyl), and C{OYO(C4+-Cs
alkyl);

alternatively, two R7, together with the atoms to which they are attached, can form 5-
10 membered helercaryl, 8-10 membered aryl, 3-10 membered heterocycloalkyl, or 3-10
membered cycloalkyl; and

15 R¥ is independently, at each ocourrence, selected from the group consisting of C+-Ca
alkyl, C+-Cs haloalkyl, C+-Cs alkoxy, Ci-Cs haloalkoxy, C--Ca alkylamine, 3-8 membered
cycloalkyt, halogen, OH, NO;, NH,, NH{C+-Cs alkyl), N{C+-Cs alkyl)a, {CH2}1.aOH, S{QleaH,
B{Ohe-2NH2, or CN.

20 2. The compound of claim 1, wherein the compound of Formula | is a compound of
Formula la
AW
Az ! [ 3
UL W U

(fa)
or a pharmaceutically acceptable sali thereof.
25
3. The compound according to claim 1 or 2, wherein the compound of Formulal is a
compound of Formuia 1b:
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(ib)

or a pharmaceutically acceptable salt thereof

4. A compound of Formula b
AW
Az E =X
! i
rRT N Z,;,Y

)
or a pharmacsutically acceptable salt thereof,

wherein:

A and A’ are each, independently, CH, CR® or N;

Wand £ are each, independently, N, CH, C-halo, C-{C+-Cs haloalkyl), C-{C+-Cs
atkyl}, or C-{C4-Cs atkoxy);

X and Y are each, independently, N, CH, or CR%;

provided that atieastone of W, X Y, or £ is CH;

R'is selected from the group consisting of 8-10 membered ary, 5-10 membered
hetercaryl, 3-10 membered heterocycloalkyl, and 3-10 membered cycloalkyl, all of which are
optionaily substituted with one, two, or three R5,

R? is selected from the group consisting of 6-10 membered aryl, 5-10 membered
heteroaryl, 3-10 membered heterocycloalkyl, and 3-10 membered cycleoalkyl, all of which are
optionally substituted with one, two, or three R,

R? is independently, at each occurrence, selected from the group consisting of
halogen, OR* NRR? SO:R* SONHR*, NHSO:R*, CIOIOR*, CIOINHR?, CIOWRY, Ci-Ce
atkyl, Co-Ce alkenyl, Co-Ce alkynyl, 3-7 membered cycloalkyl, Cs-Cr cycioalkenyl, Ce-Cio aryl,
5-8 memberad heteroaryl, and 5-7 membered helerocyciyl, wherein alkyl, alkenyl, or atkynyl
are @ach optionally substituted one, two, or three times with R*, and wherein aryl, heteroaryl,
or heterocyclyl are each optionally substituted one, two, or three times with R,

R* is independently, at each occurrence, selected from the group consisting of H,
{CHz)o.3-{Ca-Cr cycloaikyl), (CH)o.-{Ca-Cr cycloalkenyl), (CHy)oa-{Ca-Cro aryl), (CHz)es-{(5-8
membered heteroaryl), and (CHa)as~{5-7 membered heterocyclyl), wherain the an,
hetercaryl, or heterocyclyl are sach optionally substituted one, two, or three times with R®;

R® is independently, at each occurrence, selected from the group consisting of C+-Ce
atkyl, C1-Ce haloalkyl, C1-Cs alkoxy, Ci-Cs haloalkoxy, C+Cs alkylaming, 3-10 membered
cycloatkyt, halogen, COOH, CLOMWC-Cs alkvl), B{CHa-OH, NH2, NH(C-Ce alkyll, N{Cy-
Cs alkylyz, OH, CN, (CHzjoa-{Cs-Tro arvl), {CHaos-(5-6 membered heteroaryl), and (CHa)os-
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{57 membered heterocychyl), wherein the aryl, heteroaryl, or heterocyclyl are each optionally
substituted one, two, or three times with R7;

R® is independently, at each occurrence, selected from the group consisting of C+-Cs
alkyt, C+-Cs haloalkyl, C+-Ca alkoxy, C+Cs haloalkoxy, C1-Cs alkylamine, halogen, OH, NO;,
NHz, NH{C-Ce alkyt), N{T-Ta aliyl)z, (CH2)14OH, 3(OleaH, S{O.2NHa, or CN;

alternatively, two R together with the atoms fo which they are attached, can form 5-
10 membered hetercaryl, 6-10 membered aryl, 3-10 membered heterocycloalkyl, or 3-10
memberead cycloalkyl;

R7 is independently, at each occurrence, selected from the group consisting of
substituents independently selected from C1-Cs alkyl, C1-Cs haloalkyl, C+-Cs alkoxy, C+-Ce
haloalkoxy, halogen, NHz, NH{C+Cs alkyl), N(C1-Cs alkylye, SCoNH:z, SONH{C--Cs alkyh),
SQN(C4-Cs alkylly, (CHa}2-OH, CONCH2)1-0OH, CIOYC-Cs atkyl), and C{OYO{C4-Cs
alkyh);

alternatively, two RY, together with the atoms to which they are attached, can form 5-
10 membered hetercaryl, 6-10 membaered aryl, 3-10 membered helerocycloalkyl, or 3-10
membered cycloalkyl; and

R® is independently, at each cccurrence, selectad from the group consisting of C+-C»
aikyl, C+-Cs haloalkyl, C1-Cs alkoxy, Ci-Cs haloalkoxy, Ci-Cs alkylamineg, 3-6 membered
cycloalkyl, halogen, OH, NO», NHz, NHIC-Cs atkyl), N(C1-Cs alkyl)z, (CH2}1.4OH, S(O)o2H,
S{Q)e2NHa, or CN.

The compound of any one of claims 1-4, wherein Z is CH.

i

&. The compound of any one of claims 1-4, wherein Zis N,
7. The compound of any one of claims 1-4, wherein Z is CF.
8, The compound of any one of claims 1-7, wherein R® is independently, at each

occurrence, hydroxy or halo.

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

consisting of benzimidazole, imidazopyrazine, purine, imidazole, pyrazole, triazole, and
imidazopyridine.

16, The compound of any one of claims 1-8, whersin R is seleclted from the group

consisting of:
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Ty Cs Ty o
: =N N § = N é L‘\N}“‘g

NN NZ N N
g Gy By G

all of which are optionaily substituted with one, two, or three R®.

1. The compound of claim 1, wherein the compound of Formuda | s selected from the

group consisting of:
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or a pharmaceutically acceptable salt thereof.

i2. The compeound of claim 1, whersin the compound of Formula | is selected from the

group consisting of
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or a pharmacsutically acceptable salt thereof

13. A compound of Formula il
vy
A

13
4
Ne o

(i

or a pharmaceutically acceptable salt thereof,
wherein

W and Z are each, independently, N, CH, C-halo, C-{C+-Ca alkyD), or C-{C4-Ca
alkoxy);

X and Y are each, independently, N, CH, or CR*;

provided that at least one of W, X, Y, or Zis CH;

R' is selected from the group consisting of 6-10 membered aryl, 5-10 membered
heteroaryl, 3-10 membered heterocycloalkyl, and 3-10 membered cycloallodd, all of which are
optionally substituted with one, two, or three R%,

R? is selected from the group consisting of 8-10 membered aryl, 5-10 membered
hetercaryl, 3-10 membered heterccyclicalkyl, and 3-10 membered cycloalkyl, all of which are
optionaily substituted with one, two, or three R,

R* is independently, at each occurrence, selectad from the group consisting of
halogen, ORY NRR*, SOR*, SONHRY, NHBO:RY, C{OICR®, CIOINHRY, COIRY, C4-Cs
atkyl, To-Ce alkenyl, Co-Cs alkynyl, 3-7 membered cycloalkyl, Cs-Cr cycloalkenyl, Cs-Cry aryl,
5-6 membered heteroaryl, and 5-7 memberad heterocyclyl, wherein alkyl, alkenyl, or alkynyl
are each optionally substituted one, two, or three times with R4, and wherein aryl, heteroaryl,
or heterocyclyt are each optionally substituted one, two, or three times with R

R*is independently, at each ocourrence, selected from the group consisting of H,
{CH2)0a~{Ca-Cr cycloaikyl), (CH)os-(Ce-Cr cycloalkenyl), (CHzles{Ce-Crp aryl), (CHaoa-(5-6
memberad heteroaryl}, and {CHa)os-(5-7 membered heterocyclyl), whersin the ary,

heteroaryl, or heterocyclyl are each optionally substituted one, two, or three times with R
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R® is independently, at each occcurrence, sslectad from the group consisting of Ci-Cs
alkyt, C4-Ce haloalkyl, Ci-Ce alkoxy, C4-Cs haloalkoxy, C-Cs alkylaming, 3-10 memberad
cycloatkyl, halogen, COOH, C{OYO(C-Cs alkyl), O{CHL)15-OH, NH,, NH{C1-Cs alkyl), N(Cy-
Cs alicyl)a, OH, CN, (CH230.2~{Cs-Cro aryl), {CHa)oa-(5-8 membered heteroaryl), O{CHa)os-{4-7
membered heterocycivl), and (THalos-(4-7 membered heterocyclyl), wherein the alkyl,
alkoxy, aryl, heteroaryl, or heterocyclyl are each optionally substituied one, two, or three
times with R7:

R° is independsently, at each occurrence, selected from the group consisting of C4-Cs
atkyl, C+-Ca halealkyl, Ci-Cs alkoxy, C+-Cs haloalkoxy, Ci-Cs alkylaming, halogen, OH, NO;,
NHz, NH{C1-Ce atkyl), N{C+-Ce aliiylz, (CH2)14OH, S{CoaH, S{O).oNH:, or ON;

alternatively, two R®, together with the atoms to which they are atiached, can form 5-
10 membered hetercaryl, 8-10 membered aryl, 3-10 membered heterocycloalkyl, or 3-10
membered cycloalkyl;

R is independently, at each occurrence, selected from the group consisting of
substituents independently selected from 01-Cs alkyl, Ci-Cs haloalkyl, Ci-Ce alkoxy, C4-Cs
haloalkoxy, halogen, NH, NH{C-Ce alkyl), N{C1-Cs alkyl)z, SO:zNH2, SONH{C-Cs alkyl),
S0ON(C1-Cs alkyl)z, (CH23.2-OH, CONCH2)12-OH, C{ONC-Ce alkyl), and C{OYO(C4-Cs
alkyt);

alternatively, two R7, together with the atoms to which they are atiached, can form 5-
10 membered hetercaryl, 8-10 membered aryl, 3-10 membered heterocycloalkyl, or 3-10
memberad cycloatkyl,;

R? is independently, at each ocourrence, selected from the group consisting of C+-Ca
atkyt, C+-Cs haloalkyl, C+-Cs alkoxy, C4-Cs haloalkoxy, C--Cs alkylaming, 3-8 membered
cycloalkyl, halogen, OH, NOs, NH,, NH({C-Cs alityl), N{C1-Cs alkyl)s, (CH2}1.4OH, S{OleaH,
S{O)o-2NHz, or ON; and

nistorz.

14, The compound of claim 13, wherein the compound of Formula I is a compound of

R1 W
f}:ﬁ }(R%m
zZ
(RB)D&

(lia)

or & pharmacseutically acceptable salt thereof

Formula lla:
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15. A compound of Formula X

{X)
or a pharmaceutically acceptable salt thereof,
wherain
AlsQorS;

Wand Z are each, independently, N, CH, C-halo, C-{C+Cs alkyh), or C-{C4-Cs
alkoxy);

X and Y are each, independently, N, CH, or CR*;

provided that atleast one of W, X, Y, or Z is CH;

R' is selected from the group consisting of 8-10 membered aryl, 510 membered
heteroaryl, 3-10 membered heterocycloalkyl, and 3-10 membered cycloalloyd, all of which are
optionally substituted with one, two, or three R%

R? is seiected from the group consisting of 8-10 membered aryl, 5-10 membered
heteroaryl, 3-10 membered heterocycloalkyl, and 3-10 membered cycloalkyl, all of which are
optionaily substituted with one, two, or three RS,

R* is independently, at each occurrence, selectad from the group consisting of
halogen, ORY NRR? S0O.RY, SCNHRY, NHESORY, C(OIOR?, CIOINHR?Y, COR?Y, C+-Cs
atkyl, C-Ce alkenyl, Co-Us alkynyl, 3-7 membered cycloalkyl, Cs-Cr cycloalkenyl, Cs-Cry aryl,
5-6 membered heteroaryl, and 57 memberad heterocyciyvl, wherein alkyl, alkenyl, or alkynyl
are each optionally substituted one, two, or three times with R*, and wherein aryl, heteroaryl,
or heterocyclyt are each optionally substituted one, two, or three times with R

R* is independently, at each occurrence, selected from the group consisting of H,
{CH2oa~{Ca-Cr cycloaikyl), (CH2)es-(Ce-Cr cyaloalkenyl), (CHzies-{Ce-Cry aryl), (CH)pa-(5-6
memberad heteroaryl}, and (CHa)os-(5-7 membered heterocyclyl), wherein the ary,
heteroaryl, or heterocyclyl are each optionally substituted one, two, or three times with R,

R® is independently, at each occurrence, selected from the group consisting of Ci-Cs
alkyt, C+-Ce haloalkyl, Ci-Cs alkoxy, C4-Cs haloalkoxy, C.-Cs alkylamine, 3-10 memberad
cycloalkyt, halogen, COOH, C{OYD(C-Cs alkyl), OG{CHL):5-OH, NH,, NH(C4-Cs alkyl), N(Cy-
Cs alkyl)s, OH, CN, (CH2o.~{Cs-Cro aryl), {CH2)o.2-(5-8 membered heteroaryl), G{CH2)p.e-{4-7
membered heterocycivl), and (CHzlos-(4-7 membered heterocyolyl), wherein the alkyl,
alkoxy, aryl, heteroaryl, or helerocyclyl are each optionally substituted one, two, or three

times with R”:
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RS is independently, at each occcurrence, sselectad from the group consisting of Ci-Cs
alkyl, C+-Cs haloalkyl, Ci-Cs alkoxy, C+-Cs haloalkoxy, Ci-Cs alkylamine, halogen, OH, NO;,
NHz, NH{C:-Cs alkyly, N{C:-Cs alicyl)a, (CH2)1.4OH, S(O)o2H, S{O)-2NHz, or CN;

alternatively, two R®, together with the atoms to which they are attached, can form 5-
10 membered hetercaryt, 8-10 memberead aryl, 3-10 membered heterocycloalkyl, or 3-10
memberad cycloatkyl;

R’ is independently, at each ocourrence, selected from the group consisting of
substituents independently selected from Cq-Gs alkyl, Ci-Cs haloalkyl, Ci-Cs alkoxy, C+-Cs
haloatkoxy, halogen, NH», NH{C+Cs alkyl), N(C1-Ce alkyl)e, SCaNH2, SONH{C-Cs alkyly,
SON(C1-Cs alkyl)y, (CHob.2-OH, COH{CH1.-0OH, C{OHT4-Cs alkyl), and C{OY(C1-Ce
alkyl);

alternatively, two R7, together with the atoms to which they are attached, can form 5-
10 membered helercaryl, 8-10 membered aryl, 3-10 membered heterocycloalkyl, or 3-10
memberad cycloalkyl;

R¥ is independently, at each ocourrence, selected from the group consisting of C+-Ca
alkyl, C+-Cs haloalkyl, C+-Cs alkoxy, Ci-Cs haloalkoxy, C--Ca alkylamine, 3-8 membered
cycloalkyt, halogen, OH, NO;, NH,, NH{C+-Cs alkyl), N{C+-Cs alkyl)a, {CH2}1.aOH, S{QleaH,
S{Op2NH;, or ON; and

nis tor2.

18. The compound of any one of claims 13-15, whersin R® is independently, at each

oceurrence, hydroxy or halo.

17. The compound of any one of claims 13-18, wherein R' is selected from the group
consisting of benzimidazole, imidazopyrazine, purine, imidazole, pyrazole, triazole, and

imidazopyridine.

18, The compound of any one of claims 13-18, wherein R’ is selected from the group

consisting of,

r N\ = N\ A N\ §
L QL= T v

N
NN NN N,
w\g QNI[ﬁ%g &\;E:g}m% and [ﬁ §

all of which are optionally substituted with one, two, or three R
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18. The compound of any one of claims 13-18, wherein R® is phenyl or Co-Cs atkynyl,
wherein phernyl is optionally substituted one or two times with R®, and alkynyl is optionally

substituted one or two times with R4

20. The compound of any of daims 13-18, wherein R® is pheny! substituted with one or
two R® and RS is selected from the group consisting of piperidine, pyridine, and

thiomorpholine dioxide, all of which are optionally substituted with one or two R’

21. The compeound of any one of claims 13-18, wherein the compound of Formula ll is a

compound of Formula iib:

(R4

(lib)

or a pharmaceutically acceptable salf thersof.

22. The compound of claim 13, wherein the compound of Formula il is selected from the

group consisting of:
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or a pharmaceutically acceptable sall thersof.

23, The compound of claim 15, wherein the compound of Formula X is selected from the

group consisting of
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or a pharmaceutically acceptable salt thereof.

24, A compound of Formula i
WaX
G
o Lot
R2
(15

or a pharmaceutically acceptable salt thereof,
wherein

===z s a single or double bond;

B and D are gach, independently, C or N;

Wand £ arg each, independently, N, CH, C-halo, C-(C:-Cs alkyD), or C-{C+-Cs
alkoxy);

Xand Y are each, independently, N, CH, or CR¥,

provided that atleastone of W X Y, or Zis CH;

R'is selected from the group consisting of 8-10 membered aryl, 5-10 membered
heteroaryl, 3-10 membered heterocycloalkyl, and 3-10 membered cycloalkyi, ali of which ars
optionally substituted with one, two, or three R,

R? is selected from the group consisting of 6-10 membered aryl, 5-10 membered
heteroaryl, 3-10 membered heterocycloalkyl, and 3-10 membered cycloalkyl, all of which are
optionally substituted with one, two, or three R,

R® is independently, at each occurrence, selected from the group consisting of
halogen, OR* NR'R? SORE, SONHR*, NHSORY, C(OIORH, COINHRH, CIORY, Ci-Ce
atkyl, Co-Cs atkenyl, Co-Cs atkynyl, 3-7 membered cycloalkyl, Cu-Cr cycloalkenyl, Ca-Cig aryl,
5-8 memberad heteroaryl, and 5-7 memberead heterocyclyl, wherein altkyl, alkenyl, or atkynyl
are each optionally substituted one, two, or three times with R*, and wherein aryl, heteroaryl,
or heterocyclyl are each optionally substituted one, two, or three times with RS

R* is independently, at each occurrence, selected from the group consisting of H,
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{CHodo.e-{Cs-Cr cycloatkyl), (TH2)ea-(Ca-Cr cycloalkenyl), (CH2)oa{Ca-Tho aryl), (CHu)02-(5-6
membered heteroaryh), and (CHa)os(5-F membered heterocyciyl), wherein the anyl,
heteroaryl, or heterocyclyl 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
atkyl, C-Cs haloalkyl, C+-Cs alkoxy, C1-Ce haloalkoxy, C+-Cs alkylamine, 3-10 membered
cycloatkyl, halogen, COCOH, C{OY{C-Ce alkyly, O{CH2)14-0OH, NHa, NH{C1-Cs alkyl), N{Ti-
Cs alkylla, OH, CN, (CHzie.s-{Cs-Cro aryly, {CH2)0.a-(5-8 membered hetercaryl), and (CHales-
{5-7 membered heterocyclyl), wherein the aryl, hetercaryl, or heterocyclyl are each optionally
substituted one, two, or three times with R7;

R® is independently, at each cccurrence, selected from the group consisting of Ci-Cs
alkyl, C+-C» haloalkyl, C+-Cz alkoxy, C+-Cs haloalkoxy, C1-Cs alkylamine, halogen, OH, NO»,
NHz, NH{C+-Cs alkoyl), N(C+~Ce alicyhz, (CH2)140H, S(Co.2H, S{O).oNH2z, or CN;

alternatively, two R, together with the atoms to which they are attached, can form 5-
10 membered hetercaryl, 6-10 membered aryl, 3-10 membered helerocycloalkyl, or 3-10
memberad cycloalkyl;

R7 is independently, at each occurrence, selected from the group consisting of
substituents independently selecied from C1-Ce alkyl, C1-Cs haloalkyl, C1~-Ce alkoxy, C+-Ce
haloalkoxy, halogen, NH,, NH{C-Cs alkyl), N{C1-Cs alkylle, SONH2, SONH{C-Cs alkyl),
SON(CH-Cs alkyl)s, {(CHali2-OH, COWCH}1.2-OH, C{OHT-Cs alkyh), and C{OYH(C4-Cs
alkyh);

alternatively, two R7, together with the atoms to which they are attached, can form 5-
10 membered hetercaryl, 6-10 membered aryl, 3-10 membered helerocycloalkyl, or 3-10
membered cycloalkyl; and

RY is independently, at each occurrence, selected from the group consisting of C+-Cs
atkyt, C+-Cs haloalkyl, C+-Cs alkoxy, C4-Cs haloalkoxy, C--Cs alkylamine, 3-8 membered
cycloatkyt, halogsn, OH, NOa, NH,, NH{C-Cs alkyl), N{C1-Ce alkyl)s, {CH}1.40H, S{OhoaH,
S{OYe-2NHy, or CN.

25. The compound of claim 24, wherein the compound of Formula lil is a compound of

Formula {lia:
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or a pharmacsutically acceptable sait thereof

28. The compound of claim 24, wherein the compound of Formula lli is a compound of
Formula Hib:
W=X
N Y

tiig
or a pharmaceutically acceptable salt thereof.

27. The compound of any one of claims 24-28, wherein R is selected from the group
10 consisting of benzimidazole, imidazopyrazine, purine, imidazole, pyrazole, tnazole, and
imidazopyridine.

28. The compound of any one of claims 24-28, whersin R’ is selected from the group
consisiing of

Cp+ QL T 1

15 N
NN NN N
e L0 O [0
U\:ﬁ)\g [NJ\ﬁ E\;IS and Eﬁ ;

all of which are optionally substituted with one, two, or three R

28, The compound of any of claims 24-28, wherein Y is CR®, and R? is 6-10 mambered
20 aryl substituted with one or two R®.

30. The compound of claim 24, wherein the compound of Formula Hi is a compound of
Formula llic:
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31.

32.

34.

(Hig)

or a pharmaceutically acceptable salt thersof.

The compound of any of claims 24-20, wherein 2 is CF.

The compound of any of claims 24-30, wherein Z is CH.

The compound of any of claims 24-30, wherein Zis N,

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

group consisting of:
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or & pharmaceutically acceptable salt thereof

38, The compound of any one of claims 1-10, 13-21, and 24-33, wherein R is C+-Cs

alkyl.

38, A pharmaceutical composition comprising a compound of any one of claims 1-35, or
a pharmaceutically acceptable salt thereof, and at least one pharmaceutically accepiable

carrier.

37. The pharmaceutical composition according to claim 36, wherein the composition

further comprises a second active agent.
a8, The pharmaceutical composition according to claim 37, whersin the second active
agent is selected from the group consisting of a MEK inhibitor, a PI3K inhibitor, and an mTor

inhibitor.

39. The pharmaceutical composition according to claim 37, wherein the second active

agent prevents EGFR dimer formation in a subject.

40, The pharmaceutical composition according to claim 37, whersin the second aclive

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

41, The pharmaceutical composition according to claim 37, wherein the second actlive

agent is an ATP competitive EGFR inhibitor.
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42, The pharmaceutical composition according to claim 37, wherein the ATF competitive

EGFR inhibitor is osimertinib, gefitinib, or erlotinib.

43. A method of freating 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

1-35 or & composition according o any one of claims 36-42.

44, The method according to claim 43, wherein the cancer is selected from the group
consisting of lung cancer, colon cancer, breast cancer, endometrial cancer, thyroid cancer,

glioma, squamous cell carcinoma, and prostate cancer.

45, The method according o claim 43, wherein the cancer is non-small cell lung cancer
{(NSCLC).

48, A method of inhibiting a kinase in a subject in need thereof, comprising administering
to the subject a therapeutically effective amount of a compound according o any one of

claims 1-35 or & composition according 1o any one of claims 36-42.

47. The method according to claim 48, wherein the kinase is EGFR.

48. A method of reating or preventing a kinase-mediated disorder in & subject in need
thereof, comprising administering to the subject a therapeutically effective amount of a
compound according to any one of claims 1-35 or a composition according to any one of

claims 36-42.

49, The method according o claim 48, wherein the kinase-mediated disorder is resistant
to an EGFR-targeted therapy.

50. The method according 1o claim 48, wherein the EGFR-treated therapy is selected

from the group consisting of gefilinib, erlotinib, osimertinib, CO-1688, and WZ4002.
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