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COMPOUNDS AND METHODS FOR THE TARGETED DEGRADATION OF
ANDROGEN RECEPTOR

CROSS-REFERENCE TO RELATED APPLICATIONS
{60601} This application claims priority to, and the benefit of, U.S. Application No. 63/089,497,
filed October 8, 2020, U8, Application No. 63/032,473, filed May 29, 2020, U.S. Application No.
62/950,815, filed December 19, 2019, the entirety of each of which is incorporated by reference
herein.
INCORPORATION BY REFERENCE OF SEQUENCE LISTING

[6002] The contenis of the text file named “ARVN-007 001WO Seqlist 8T25”, which was
created on December 16, 2020 and is 9 KB in size, are hereby incorporated by reference in their

eniirety.

TECHNICAL FIELD
[8063] The disclosure provides tnude-based compounds, including bifunctional compounds
comprising the same, and associated methods of use. The bifunctional compounds are useful as
modulators of targeted ubiguitination, especially with respect to a vaniety of polypeptides and other
proteins, which are degraded and/or otherwise mmbubited by bifunctional compounds according to

the preseunt disclosure.

BACKGROUND OF THE DISCLOSURE

[8604] Most small molecole drugs bind enzymes or receptors in tight and well-defined
pockets. On the other hand, protem-protein interactions are notoriously difficult to target using
small molecules due to their large contact surfaces and the shallow grooves or flat interfaces
mvolved.  E3 obigquitin hgases {of which hundreds are known in humans) confer substrate
spectficity for ubiquitination, and are therefore atiractive therapeutic targets. The development of
figands of B3 ligases has proven challenging, m part due to the fact that they must disrupt protein-
protein interactions. However, recent developments have provided specific ligands which bind to
these ligases.

[6005] One E3 ubiquitin ligase with therapeutic potential is cereblon. Cereblon is a protein
that in humans is encoded by the CRBN gene. Thalidomide and its analogs, e.g., pomalidomide

and lenalidomide, are known to bind cereblon These agents bind to cereblon, altering the
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specificity of the complex to induce the ubiquitination and degradation of transcription factors
essential for multiple myeloma growth. Indeed, higher expression of cereblon has been linked to
an increase in efficacy of imide drugs in the treatment of multiple myeloma.

{8006} Androgen Receptor {AR]) belongs to a nuclear hormone receptor family that is activated
by androgens, such as testosterone and dihydrotestosterone (Pharmacol. Rev. 2006, 58(4}, 782-97;
Vitam. Horn 1999, 55:309-52.). In the absence of androgens, AR is bound by Heat Shock Protein
90 {(Hsp90) 1n the cytosol. When an androgen binds AR, its conformation changes to release AR
from Hsp90 and to expose the Nuclear Localization Signal (NLS). The latter enables AR to
translocate mto the nucleus where AR acts as a transcription factor to promote gene expression
responsible for male sexual characteristics (Endocr. Rev. 1987, 8(1):1-28; Mol. Endecrinol. 2002,
16(10), 2181-7). AR deficiency leads to Androgen Insensitivity Syndrome, formerly termed
testicular fenunization.

[8867] While AR 1s responsible for development of male sexual characteristics, it 15 also a
well-documented oncogene in certain forms of cancers including prostate cancers {(Endocr. Rev.
2004, 25(2), 276-308). A commonly measured target gene of AR activity 15 the secreted Prostate
Specific Antigen (PSA) protein. The current treatroent regumen for prostate cancer involves
mhibiting the androgen-AR axis by two methods. The first approach relies on reduction of
androgens, while the second strategy aims to inhibit AR function (Nat. Rev. Drug Discovery, 2013,
12, 823-824). Despite the development of effective targeted therapies, most patients develop
resistance and the disease progresses. An alternative approach for the treatment of prostate cancer
mvolves elinunating the AR protein.

{0008] Because AR 1s a critical driver of tumorigenesis in many forms of prosiate cancers, its
elimination should lead {0 a therapeutically beneficial response. There exists an ongoing need n
the art for effective ireatments for diseases, especially cancer, prostate cancer, and Kennedy's
Disease.

{0069} However, non-specific effects, and the mability to target and modulate certain classes
of proteins altogether, such as transcription factors, remain as obstacles to the development of
effective anti-cancer agents. As such, small molecule therapeutic agents that leverage or potentiate
cereblon's substrate specificity and, at the same time, are "tunable” such that a wide range of
protein classes can be targeted and modulated with specificity would be very useful as a

therapeutic.
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SUMMARY

{6010 The present disclosure describes bifunctional compounds which function to recruit
endogenous proteins to an B3 Ubiquitin Ligase for degradation, and methods of using the same.
In particular, the present disclosure provides bifunctional or proteolysis targeting chimeric
compounds, which find utility as modulators of targeted ubtquitination of a variety of polypeptides
and other proteins, which are then degraded and/or otherwise inhibited by the bifunciional
compounds as described herein. An advantage of the compounds provided herein is that a broad
range of pharmacological activities is possible, consistent with the degradation/inhibition of
targeted polypeptides from virtually any protein class or family. In addition, the description
provides methods of using an effective amount of the compounds as described herein for the
treatment or amelioration of a disease condition, such as cancer, e.g., multiple myeloma or prostate
cancer.
18011} In one aspect, the present application provides bifunctional compound having the
structure!
ABM-L-CLM,

or a pharmaceutically acceptable salt, solvate, enantiomer, sterepisomer, or isotopic derivative
thereof,

wherein:

{a} ABM is an androgen receptor { AR} binding motety having the structure:

wherean:

Q' Q% Q°, QF and Q° are each independently CR!, or N;

b

is 4-6 membered cvcloalkyl, Ce-Cio aryl, 4-6 membered
heterocycloalkyl, or 4-6 membered hetercaryl, wheremn the heterocycloalky! or
heteroaryl comprises 0-4 heteroatoms;

Q°, 7, QF, @, and Q' are each independently CR”, or N;
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Fach R' is independently selected from the group consisting of H,
optionally substituted linear or branched Ci1-Ce alkvl, cyano, halogen, and
optionally substituted linear or branched C1-Cealkoxy, wherein the alkyl or alkoxy
group is optionally substituted with one or more halo;

Fach R? is independently selected from the group consisting of optionally
substituted linear or branched Ci-Cs alkyl, cyano, halogen, and opticnally
substrtuted linear or branched C1-Cs alkoxy, wherein the alkyl or alkoxy group is
optionally substituted with one or more halo;

Fach R? is independently selected from the group consisting of opticnally
substituted H, linear or branched C:-Cs alkyl, cvano, halogen, and optionally
substituted linear or branched C1-Cs alkoxy, wherein the alkyl or alkoxy group is
optionally substituted with one or more halo; and

nis0, 1,2, 3, or4;

{b} L is a chemical linking moiety having the structure:
S

wherein:
the ABM is linked to W, and the CLM 15 linked to Z or
the ABM is linked to Z, and the CLM is linked to W,

W is absent or ¥ “‘“"“é‘

@ is 4-7 membered cycloalkyl, 4-7 membered heterocycle, or spiro-bicyclic
heterocycloalkyl, where each ring in the spiro-bicyele 1s 4-7 membered,
X 18 -CHz- or gbsent;

Y is -NR®-, -O-, or absent;

" is 4-7 membered cycloalkyl or 4-7 membered heterocycele;
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218 -C{(R")-, -NR'-, -O-, or absent;

R® is H, linear or branched Ci alkyl, linear or branched Ci alkoxy-Cis alkyl, or

TN

¢y O AN $ , A
FoN 3 / { @

Ivd / oin S oy A ndicates AN

> X , wherein § Tmndicates abondto Y, and /T indicates a bond to

>

K
ey
& 7
7

each R7 15 independently selected from the group consisting of H, linear or branched
Cre alkyl, and linear or branched Crs atkoxy;
pisl,2 3 0rd; and

gis1,2,3, 4, 015

(¢} CLM is cereblon E3 ubiquitin ligase binding motety having the structure:

R%m

wherein:

7 1s Cs~Cro aryl, 4-7 membered heteroarvl, or bridged bicyclic eycloalkyl;

e

ﬁp#/ indicates that linking moiety L is connected to ring S by one or two covalent
bonds;

Each R* is independently selected from the group consisting of optionally
substituted linear or branched Ci-Ce alkyl, cvano, halogen, and optionally substituted linear
or branched C1-Us alkoxy, wherein the alkyl or alkoxy group 15 optionally substituted with
one or more halo;

R’ is H, optionally substituted linear or branched C1-Cs alkyl, or optionally
substituted linear or branched Ci-Cealkoxy, wherein the altkyl or alkoxy group is optionally
substituted with one or more halo; and

misO 1,2, 3, ord

(0913} In some embodiments, when @ is pyridyl, is tetramethyleyclobutyl, Q2

18 CR1, and Q4 13 CR1; that R1 15 not chioro.
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10013} In some embodiments, further provided that the compound s not N-{4-(3-chloro-
4-cyanophenoxy jcyclohexy D-6-(4-({(4-(4-((2,6-dioxopiperidin-3-ylcarbamoyliphenyhpiperazin-

1-yhmethyhpiperidin-1-vDpyridazine-3-carboxamide.

0014} In another aspect, this application provides a bifunctional compound of claim 1,
wherein the compound is a compound of Formula (I):

{(RHm

(R%n

Q! (9]

il
Q”{?

M

or a pharmaceutically acceptable salt, solvate, enantiomer, stereoisorner, or 1sotopic derivative

thereof

(8015} In some embodiments, L 1s

wherein:

@ is 4-7 membered cycloalkyl or 4-7 membered heterocycle;
Y i3 -NR%, -0, or absent;

RO is H, linear or branched Cis alkyl, or linear or branched Ciealkoxy; and

is 4-7 membered cycloalkyl or 4-7 membered heterocycle.

{8016} In some embodiments, L 1s
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wherein:

< 13 4-7 membered cycloalky! or 4-7 membered heterocycle;
Y ts ~-NR®- or -0

R® i3 H, linear or branched Ci alkyl, or linear or branched Ci.salkoxy; and

" is 4-7 membered cycloalkyl or 4-7 membered heterocycle.

10017} In some embodiments, L is

2%

Wherein:

@ is piperidinyl or morpholinyl;
Y is -NR® or ~O-;

:%L/‘\\/O\ )

>

RO is Z or

‘s cyclobutyl; and

Z18 -0,
{0018} In some embodiments, L s
Wheretnt
s piperidiny! or morpholinyl; and
is piperazinyl.
{0019} In some embodiments, N is prperidinyl.

{00208} In some embodiments, the compound is a compound of Formula (ib}):

~3
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(Ib)
or a pharmaceutically acceptable salt, solvate, enantiomer, sterecisomer, or isotopic derivative
thereof.

{6021} In some embodiments, the compound is a compound of Formula (le):

NH

(Ic)
or a pharmaceutically acceptable salt, solvate, enantiomer, stereoisomer, or isotopic derivative
thereof.
8922} In some embodiments, Q-Q° are each CRY,
0023} In some embodiments, exactly 1 of Q0% s N
{8024} In some embodiments, exactly 2 of Q*Q% are N
[0925] In some embodiments, exactly 3 of 3*~Q® are N,
16026} In some embodiments, Q%' are each CR*
{80271 In some embodiments, exactly 1 of Q50 15 N.
[0928] In some embodiments, exactly 2 of Q%-Q" are N.
6023} It some embodiments, exactly 3 of Q% are N.
{60306} In some embodiments, Q@ is CH, 2 is C(CHa}, G 1s C(CNY, Q% 1s C{CH:), and F
is CHL
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{0031} In some embodiments, Q% 1s CH, Q7 15 C(OCH;), QF s CION, Qs CH, and Q° 15
CH.

[0632] In some embodiments, O is CH, Q% 1s C{CL), GF s C(CN), Q% is CH, and @7 1s CH.

10034} In some embodiments, |

In some embodiments, is cyclobutyl

{0033} In some embodiments, is 4-6 membered cycloalkyl.

“ 15 cyclobutyl or cyclohexyl

[0035]

{0036} In some embodiments, n1s 4.

[6037] In some embodiments, each R* 1s methyl.

[8938] In some embodiments, Q 18 cyciohexyl

16039} In some embodiments, n1s 0.

0040} In some embodiments, R? i3 hinear or branched C;-Ce alkyl.

{0041} In some embodiments, A s phenyl, pyndinyl, pyndazinyl, pyrimidinyl, or
pyrazinyl.

{00421 in some embodiments, -’ is phenyl.

{0043} In some embodiments, ®is pyridinyl.

10044} In some embodiments, ™ is pyridazinyl.

[6045] In some embodiments, is pyrimidiny].

{8046} In some embodiments, ' is pyrazinyl.

10047} In some embodiments, each R* 1s independently selected from the group consisting

of ¥, methoxy, ethoxy, methvl, and ethyl
{0048} In some embodiments, each R* is independently selected from the group consisting

of I, methoxy, and rethyl.

g
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0049} In some embodiments, mis 0,1, or 2.

[605G] In some embodiments, m 1s 0.

0051} In some embodiments, m s 1.

{6052} In some embodiments, m 1s 2.

0053} In one aspect, the application provides a bifunctional compound, wherein the

compound is:

AAF
Y
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or a pharmaceutically acceptable salt, enantiomer, stereoisomer, or isotopic derivative of any of
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the foregoing,

[0954] In one aspect, the application provides bifunctional compound, wherein the

compound 1§
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or a pharmaceutically acceptable salt, enantiomer, stereoisoruer, or isotopie derivative of any of

the foregoimg.
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|0055] In one embodiment, the application provides a pharmaceutical composition
comprising a bifunctional compound described herein and one or more pharmaceutically
acceptable excipients.

{8036] In one embodiment, the composition is formulated as a tablet, and comprises one
or more of the following: emulsifier; surfactant; binder; disintegrani; glidant; and lubricant.
{00571 In one embodiment, the composition further comprises an effective amount of at
ieast one additional anti-cancer agent.

[0058] In one embodiment, the anti-cancer agent is estramustine, docetaxel, ketoconazole,
goserelin, histrelin, iriptorelin, buserelin, cyproterone, flutamide, bicalutamide, milutamide,
pamidronate, or zolendronate.

0059} In one embodiment, the application provides a method of treating prostate cancer
m a subject comprising administering to a subject in need thereof a therapeutically effective
armount of a bifunctional compound described herein or a therapeutically effective amount of a
pharmaceutical composition described herein.

8068} In one embodiment, the therapeutically effective amount of the bifunctional
compound 1s adnimstered orally to the subject.

6061} In one embodiment, the therapeutically effective amount of the bifunctional
compound 1s administered to the subject once a day, twice a day, three times a day, or four times
a day.

0962} In one embodiment, the therapeutically effective amount of the hifunctional
compound 15 adminstered 1o the subject once a day.

{8963} In one embodiment, the therapeutically effective amount of the bifunctional
compound 18 admimstered to the subject all at once or is admmnistered in two, three, or four divided
doses.

{06064} In one embodiment, the therapeutically effective amount of the bifunctional
compound is about 1 mg to about 1000 mg.

[6065] In one embodiment, the therapeutically effective amount of the bifunctional
compound is about 5 mg to about 750 mg.

{8066} In one embodiment, the therapeutically effective amount of the bifunctional

compound is about 10 mg to about 500 mg.
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18067} In one embodiment, the therapeutically effective amount of the bifunctional

compound is about 20 mg to about 250 mg.

{0068} In one embodiment, the subject is in a fed state at the time of administration.
{8069} In one embodiment, the subject 1s 1n a fasted state at the time of administration.
10078} In one embodiment, the method further comprises adnunistering an effective

amount of at least one additional anti-cancer agent to the subject in need thereof

18071} Inn one embodiment, the anti-cancer agent is abiraterone, estramusting, docetaxel,
ketoconazole, goserelin, histrelin, triptorelin, buserelin, cyproterone, flutamide, bicalutanude,
nilutamide, pamidronate, or zolendronate.

{6672} In one embodiment, the subject with prostate cancer comprises at least one somatic

AR tumor mutation.

[8973] In one embodiment, the prostate cancer 15 castrate-resistant prostate cancer.
16074} In one embaodiment, the prostate cancer 13 metastatic prostate cancer.,
[B975] In one embodiment, the application provides a method of treating prostate cancer

in a subpopulation of prostate cancer subjects, comprising;
selecting a prostate cancer subject for treatment based on the subject’s somatic AR
tumor biomarker status; and
admmistering a therapeutically effective amount of a hifunctional compound of
Formula (I}, or a pharmaceutical composition comprising an effective amount of a
bifunctional compound of Formula (1},
8076} In one embodiment, the sabject’s somatic AR tumor biomarker status comprises at
feast one somatic AR tumor mutation,
[8877] Inone embodiment, the AR biomarker status of the subject is determined by ¢ctDNA
analysis, fluorescent in situ hybridization, immunchistochemistry, PCR analysis, or sequencing.
{06078} In one embodiment, the AR biomarker status of the subject is deternuned in a blood
sample derived from the subject.
{6079 In one embodiment, the AR biomarker status of the subject is determined in a solid
biopsy derived from the tumor of the subject.
{6080 In one embodiment, the prostate cancer s castrate-resistant prostate cancer.

0081} In one embodiment, the prostate cancer is metastatic prostate cancer.
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{0082} In one embodiment, the at least one somatic AR tumor mutation is selected from

the group consisting of L70ZH, M&95V, M6V, T878A, F877L, and H875Y.

BRIEF DESCRIPTION OF THE DRAWINGS
0083} The accompanying drawings, which are incorporated into and form a part of the
specification, illustrate several embodiments of the present disclosure and, together with the
description, serve to explain the principles of the disclosure. The drawings are only for the purpose
of ilustrating an embodiment of the disclosure and are not to be construed as limiting the
disclosure. Further objects, features and advantages of the disclosure will become apparent from
the following detailed description taken in conjunction with the accompanying figures showing
illustrative embodiments of the disclosure, in which:
8984} FIGs 1A and 1B are illustrations of the general principle for the function of proteolysis
targeting chimeric compounds. FIG. 1A represents exemplary proteolysis targeting chimeric
compounds comprise a protein targeting rooiety (FTM,; darkly shaded rectangle), a cereblon
ubiquitin hgase binding moiety (CLM; unshaded wriangle), and a linker moiety {(black fine)
coupling or tethering the PTM to the CLM. FIG. 1B dlustrates the functional use of the proteolvsis
targeting chimeric compounds as described herein. Briefly, the CLM recognizes and binds to
cereblon, an E3 Ubtquuitin Ligase, and the PTM binds and recruits an intracellular target protein
bringing it into close proximity to the cereblon E3 Ubsquitin Ligase. Typically, the cereblon H3
Ubiquitin Ligase is complexed with an E2 sbiquitin-conjugating protein, and either alone or via
the E2 protein catalyzes attachment of ublquntin {dark circles} to a lysine on the target protein via
an isopeptide bond. The polyv-ubiquitinated proten (far right) is then targeted for degradation by
the proteosomal machinery of the cell.
j003S] FIG. 2 is a scheme showing the synthesis of Compound No. 4.
{0086} FIG. 3 is a scheme showing the synthesis of Compound No. 9.

{0087} FIG. 4 15 a scheme showing the synthesis of Compound No. 17.

DETAILED DESCRIPTION
DEFINITIONS
| 0088} All references to amino acid mutations in the Androgen Receptor are numbered relative

to SEQ [D NO: 1, which 15 provided herewith.
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0089} The term “Ubiquitin Ligase” refers to a family of proteins that facilitate the transfer of
ubiquitin to a specific substrate protein, targeting the substrate protein for degradation. For
example, cereblon is an E3 Ubiquitin Ligase protein that alone or in combination with an B2
ubiquitin-conjugating enzyme causes the attachment of ubiquitin to a lysine on a target protein,
and subsequently targets the specific protein substrates for degradation by the proteasome. Thus,
=3 ubiquitin ligase alone or in complex with an E2 ubiquitin conjugating enzyme 1s responsible
for the transfer of ubiquitin to targeted proteins. In general, the ubiquitin ligase is mvolved in
polyubiquitination such that a second ubiguitin is attached to the first; a third 15 attached to the
second, and so forth. Polyubiquitination marks protemns for degradation by the proteasome.
However, there are some ubiquitination events that are limited to mono-ubiquitination, in which
only a single ubiquitin is added by the ubiquitin ligase to a substrate molecule. Mono-ubiquitinated
proteins are not targeted to the proteasome for degradation, but may mstead be altered in their
cellular location or function, for example, via binding other proteins that have domains capable of
binding ubiquitin. Further complicating matiers, different Iysines on ubigquitin can be targeted by
an E3 to roake chains. The most coramon lysine 1s Lys48 on the ubiguitin chain. Thus s the lysine
used to make polyubiquitin, which 1s recognized by the proteasome,

[6090] As used herein, “Compound”, “hifunctional compound”, or “Compound of the
Disclosure”, as used herein, refers to the compounds disclosed by structure in the following tables
and examples.

108991} The term “substitated” or “optionally substituted” shall mean mdependently (i.e.,
where more than substituent occurs, each substituent 13 independent of another substituent} one or
more substituents (independently up to five substituents, preferably up to three substituents, often
1 or 2 subsiituents on a moiety i a compound according to the present disclosure and may mclude
substituents which themselves may be further substituted) at a carbon {or nitrogen) position
anywhere on a molecule within context, and includes as substituents hydroxyl, thiol, carboxyl,
cyano {C=N}, nitro (NO2), halogen (preferably, 1, 2 or 3 halogens, especially on an alkyl,
especially a methy! group such as a trifluoromethyl), an alkyvi group (preferably, Ci-Cro |, more
preferably, Ci1-Ce), aryl (especially phenyi and substituted phenyl for example benzy! or benzovl),
alkoxy group {preferably, C1-Cs aliyl or aryl, including phenyl and substituted pheny!), thioether
{Ci-Cs allyl or aryl}, acy! {preferably, Ci-Cs acyl), ester or thisester {preferably, Ci-Co alkvl or

aryl) including alkylene ester (such that attachment is on the alkylene group, rather than at the ester
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function which is preferably substituted with a Ci-Co alkyt or aryi group), preferably, Ci-Ce alkyl
or aryl, halogen {(preferably, ¥ or Cl}, amine (including a five- or six-membered cyclic alkylene
amine, further including a C1-Cs alkyl amine or a C1-Ce dialky! amine which alkyl groups may be
substituted with one or two hydroxyl groups) or an optionally substituted ~N{Co-Co alkyYT{ONO-
C1-Ce alkyl) group (which may be optionally substituted with a polyethylene glycol chain to which
is further bound an alkyl group containing a single halogen, preferably chlorine substituent),
hydrazine, amido, which is preferably substituted with one or two C1-Cs alky! groups (including a
carboxamide which i1s optionally substituted with one or two Ci-Co alkyl groups), alkanol
{preferably, Ci-Cs alkyl or aryl), or alkanoic acid {preferably, Ci-Co alkyl or aryl}). Substituents
according to the present disclosure may include, tor example ~SiIRiR2R3 groups where each of Ry
and Rz 15 as otherwise described herein and Rs is H or a $i-Cs alkyl group, preferably Ry, Ro, Rs
m this context 18 a C1-Cr alkyl group (including an isopropyl or t-butyl group). Each of the above-
described groups may be linked directly to the substituted moiety or alternatively, the substituent
may be linked to the substituted motety (preferably 1u the case of an aryl or heteraryl motety)
through an optionally substituted CHz)m- or alternatively an optionally substituted -(OCH2 ), -
{OCHxCH2 o or {CH2CH2O - group, which may be substituted with any one or more of the
above-described substituents.  Alkylene groups ~(CHzjn- or ~{CH2)n- groups or other chains such
as ethylene glycol chains, as identified above, may be substituted anywhere on the chain. Preferred
substituents on alkylene groups include halogen or Ci-Cs {preferably C1-Cs} alkyl groups, which
may be optionally substituted with one or two hydroxyl groups, one or two ether groups {(G-C1-Ce
groups}, up to three halo groups {preferably F}, or a sidecham of an amino acid as otherwise
described herein and optionally substituted amide (preferably carboxamide substituted as
described above} or urethane groups {often with one or two Co-Ce alkyl substitutents, which
group(s) may be further substituted}. In certain embodiments, the alkylene group (often a single
methylene group) is substituted with one or two optionally substituted Ci-Ce abkyl groups,
preferably Ci-Cs alkyl group, most often methyl or (-methyl groups or a sidechain of an aming
actd as otherwise described herein. In the present disclosure, a moiety in a molecule may be
optionally substituted with up fo five substituents, preferably up to three substituents. Most often,
i the present disclosure moieties which are substituted are substituted with one or two

substituents.
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10092} The term “‘substituted” (each substituent being independent of any other
substituent) shall also mean within its context of use Ci-Cs alkyl, C1-Cs alkoxy, halogen, amido,
carboxamido, sulfone, including sulfonamide, keto, carboxy, Ci-Ce ester {oxyester or
carbonylester}, Ci-Co keto, urethane -O-C{O}NRiR» or -N(Ry}-C(O)-0O-Ry, nitro, cvanc and
amine {especially including a C1-Cs alkylene-NRiRs, a mone- or di- Ci-Cs alkyl substituted amines
which may be optionally substituted with one or two hydroxyl groups). Each of these groups
contain unless otherwise indicated, within context, between 1 and 6 carbon atoms. In certain
embodiments, preferred substituents will include for example, -NH-, -NHC{O)-, -O-, =0, {CH2}m-
{here, m and n are i context, 1, 2, 3, 4, 5 or 6}, -S-, -S{0}-, SG2- or -NH-C{O}-NH-, -(CH2):0H,
-{CHWSH, {(CH)wCOOH, C1-Cs alkyl, (CH2O-(C-Co alkyl), -(CHWCOY-(C1-Cs alkyl), -
{CH2)nOC(O-(Cr-Co allyl), -(CHC(OYOHCi-Cos alkyly, ~(CHR2WNHC(O)-R:y, {(CH2C(0)-
NRiR2, -(OCH:10H, {CH20CO0H, C1-Cs alkyl, -{OCH20-(Ci-Cs alkyl), {CH2OC(0)-
{C1-Cs alkyl), -(OCH)NHC(O)}-R1, {CH2ORC{O)-NRiRz, -S{O)-Rs, -S{O)-Rs (Rs 8 Ti-Cs
alkyvl or a (CH2)m-NRuR2 group), NO2, CN or halogen (F, CL, Br, 1, preferably F or C1), depending
on the context of the use of the substituent. Ri and Rz are each, within context, H or a C1-Ce alkyl
group {(which may be optionally substituted with one or two hydroxyl groups or up to three halogen
groups, preferably fluorine). The term “substituted” shall also mean, within the chemical context
of the compound defined and substituent used, an optionally substituted aryl or heteroaryl group
or an optionally substituted heterocychic group as otherwise described herein.  Alkvlene groups
may also be substituted as otherwise disclosed herein, preferably with optionally substituted Ci-
Co alkyl groups (methyl, ethyl or hydroxymethyl or hvdroxyethyl is preferred, thus providing a
chiral center), a sidechain of an amino acid group as otherwise described herein, an anudo group
as described hereinabove, or a wrethane group O-C{03-NR1R2 group where Ry and Rz are as
otherwise described herein, although numerous other groups may also be used as substituents.
Various optionally substituted moieties may be sebstituted with 3 or more substituents, preferably
no more than 3 substituents and preferably with 1 or Z substituents. It is noted that in instances
where, in a compound at a particular position of the molecule substitution is required {principally,
because of valency), but no substitution is indicated, then that substituent is construed or
understood to be H, unless the context of the substitution suggests otherwise.

0093} The term "aryl" or “aromatic”, in context, refers to a substituted (as otherwise

described herein) or unsubstituted monovalent aromatic radical having a single ring {e g, benzene,
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phenyl, benzyl) or condensed rings {e.g., naphthyl, anthracenyl, phenanthrenyl, etc.} and can be
bound to the compound according to the present disclosure at any available stable position on the
ring{s} or as otherwise indicated in the chemical structure presented. Other examples of aryl
groups, in context, may include heterocyclic aromatic ring systems, “heteroaryl” groups having
one or more nitrogen, oxygen, or sulfur atoms in the ring {moncyclic) such as mudazole, furyl,
pyrrele, furanyl, thiene, thiazole, pyridine, pyrimidine, pyrazine, triazole, oxazole or fused ring
systems such as indole, quinoline, indolizine, azaindolizine, benzofurazan, etc., among others,
which may be optionally substituted as described above. Among the heteroaryl groups which may
be mentioned include nitrogen-containing hetercaryl groups such as pyrrole, pyridine, pyridone,
pyridazine, pyrimidine, pyrazine, pyrazole, imidazole, iriazole, triazine, tetrazole, indole,
isoindole,  indolizine, azaindolizine, purine, indazole, quinoline, dihydroguinoline,
tetrahydroguinoline, soguinohine, dibydroisoquinchine, tetrahydroisoquinoline, quinclizine,
phthalazine, vaphthyridine, quinoxaline, quinazoline, cinnoline, pteridine, imidazopynidine,
mmidazotriazine, pyrazinopyridazive, acriding, phenanthnidine, carbazole, carbazoline, pyninudine,
phenanthroline, phenacene, oxadiazole, benzimidazole, pyrrolopyridine, pyrrolopyrimidine and
pyridopyrinudine; sulfur-containing aromatic heterocycles such as thiophene and benzothiophene;
oxygen-containing aromatic heterocycles such as furan, pyran, cyclopentapyran, benzofuran and
isobenzofuran; and aromatic heterocycles comprising 2 or more hetero atoms selected from among
mitrogen, sulfur and oxygen, such as thiazole, thiadizole, 1sothiazole, benzoxazole, benzothiazole,
benzothiadiazole, phenothiazine,  1soxazole, furazan, phenoxazine, pyrazoloxazole,
mtdazothiazole,  thienofuran, furopyrrole, pyridoxazine, furopynidineg, furopyrimdine,
thienopyrimidine and oxazole, among others, all of which may be optionally substituted.

{6094} The term "substituted aryl” refers to an aromatic carbocyclic group comprised of at
ieast one aromatic ring or of multiple condensed rings at least one of which being aromatic,
wherein the ring(s) are substituted with one or more substitients. For example, an aryl group can
comprise a substituent(s) selected from: ~(CH2wOH, -(CH2}u-0O~{C1-Colalkyl, ~{CH2p-O-(CHz o
{Cr-Coyatkyl,  ~(CHw-CONCo-Co)  alkyl, -(CH2}-C{OYHCo-Colalkyl, ~(CH2u-CC(OWCo-

Cojalkyl, amine, mono- or di-(Ci-Cs alkyl) amine wherein the altkyl group on the amine i

optionally substituted with 1 or 2 hydroxyl groups or up to three halo {preferably F, Cl} groups,
OH, COOH, Ci-Cs alkyl, preferably CHs, CFs, OMe, OCFs, NGO, or CN group {each of which

may be substituted in ortho-, meta- and/or para- positions of the phenyl ring, preferably para-), an

2
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optionally substituted pheny! group (the pheny! group itself is preferably substituted with a linker
group attached to a ABM group, including a ULM group), and/or at least one of F, €, OH, COOH,
CHz, CF3, OMe, OCF3, NO2, or ON group (in ortho-, meta- and/or para- positions of the phenyl
ring, preferably para-), a naphthyl group, which may be optionally substitited, an optionally
substituted heteroaryi, preferably an optionally substituted 1soxazole including a methylsubstituted
isoxazole, an optionally substituted oxazole including a methyisubstituted oxazole, an optionally
substituted thiazole including a methyl substituted thiazole, an optionally substituted isothiazole
mcluding a methyl substituted isothiazole, an optionally substituted pyrrole including a
methylsubstituted pyrrole, an optionally substituted imidazole inchuding a methylimidazole, an
optionally substituted benzimidazole or methoxybenzylimidazole, an optionally substituted
oximidazole or methyloximidazole, an optionally substituited diazole group, ncluding a
methyldiazole group, an optionally substituted triazole group, ncluding a methylsubstituted
triazole group, an optionally substituted pyridine group, including a halo- (preferably, F) or
methylsubstitutedpyridive group or an oxapynidine group {where the pyridine group 1 linked to
the phenyl group by an oxygen), an optionally substituted furan, an optionally substituted
benzofuran, an optionally substitted dihydrobenzofuran, an optionally substiuted mdole,
mdolizine or azamndohizine (2, 3, or d-azaindolizine), an optionally substituted quinoline, and
combinations thereof,

[6095] The term “heteroaryl”or “hetarvl” can wean but is in no way lLimited to an
optionally substituted quinoline {which may be attached to the pharmacophore or substituted on
any carbon atom within the quinoline ring), an optionally substituted mdole {(including
dihydromdole), an optionally substituted indohizine, an optionally substituted azamdohizine (2, 3
or 4d-azaindolizine} an optionally substituted benzinudazole, benzodiazole, benzoxofuran, an
optionally substituted imidazole, an optionally substiiuted isoxazole, an optionally substituted
oxazole {preferably methyl substituted}, an optionally substituted diazole, an optionally substituted
triazole, a tetrazole, an optionally substituted benzofuran, an optionally substituted thiophene, an
optionally substituted thiazole (preferably methyvi and/or thiol substituted), an optionally
substituted isothiazole, an optionally substituted triazole (preferably a 1,2,3-tnazole substituted
with a methyl group, a tritsopropylsilyl group, an optionally substituted -(CH2)w-0-Ci-Co alkyl
group or an optionally substituted {CH2)o-C{O)-0-C1-Cs alkyl group), an optionally substituted

pyridine (2-, 3, or 4-pyridine) or a group according to the chemical structure:

38



WO 2021/127443 PCT/US2020/066021

N
RURE iRURE
o Q
RHET.AL. e X wer 0 N?z{
t o N, RhET"'"',"“ P N..é_. i T P /;J
N N
O
RHET AL i
C

wherein

§° ts CHR™ NRYRE or O

RMT is H, CN, NO, halo (preferably Cl or F), optionally substituted Ci-Cs alkyl (preferably
substituted with one or two hydroxyl groups or up to three halo groups (eg (Fs3),
optionally substituted O{C1-Cs alkyly {preferably substituted with one or two hydroxyl
groups or up io three halo groups) or an optionally substituted acetylenic group ~C={-R,
where Rq1s H or a C1-Us alkyl group (preferably Ci-Cs alkyl);

RS is H, CN, NO3, halo (preferably ¥ or Cl), optionally substituted Ci-Cs alkyl (preferably
substituted with one or two hydroxyl groups or up to three halo groups), optionally
substituted O-(Ci-Co alkyly {preferably substituted with one or two hydroxyl groups or up
to three halo groups) or an optionally substituted ~-C{(O N Ci-Co alkyl) (preferably substituted
with one or two hydroxy! groups or up to three halo groups);

RYRE s H, a C1-Cs alkyl {preferably H or C1-Ca alkyl) or a ~C(OYC1-Cs alkyl), each of which
groups is optionally substituted with one or two hydroxyl groups or up to three halogen,
preferably fluorine groups, or an optionally substituted heterocycle, for example
piperidine, morpholine, pyrrolidine, tetrahvdrofuran, tetrahydrothiophene, piperidine,
piperazine, each of which 15 optionally substituted, and

[89%96] Y s N or C-RYC, where RYC 1s H, OH, ON, NO», halo {preferably Cl or T), optionally
substituted C1-Cs alkyl (preferably substituted with one or two hydroxyl groups or up to three halo

groups {e.g. CF3), optionally substituted O(C1-Ce alkyl) (preferably substituted with one or two
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hydroxyl groups or up to three hale groups) or an optionally substituted acetylenic group ~C=C-
Rz where Ry 13 H or a C1-Cs alkyl group (preferably C1-Cs alkyl).

0087} The term "Heterocyele" refers to a cyclic group which contains at least one
heteroatom, e.g., N, O or 8§, and may be aromatic (heteroary!} or non-aromatic. Thus, the heteroaryl
moieties are subsumed under the definition of heterocycle, depending on the context of its use.
Exemplary hetercary! groups are described hereinabove.

{0098} Exeniplary heterocvchics inclnde: azetidinyl, benzunwdazolyl, 1.4~ benrodioxanyl,
1,3-benzodioxolyl,  benzoxazolyl,  benrothuazolyl benzothienyl,  dihvdrovndazolyl
dihvdropyranyl, dibwdrofuranyl, dioxanyl, dioxolanyi, ethyleneurea, 1 3-dioxolane, 1,3-dioxane,
1 4-dioxane, furvl, homopiperidinyl, inudazolyl, imidazolinyl, imidazolidingl, ndolinyl, indolyl,
woguinolinyl,  isothiazobidinvl,  isothiazolyl,  isoxazohidinvl, isoxawzolyl,  morpheolinv,
naphthyriding], oxazolidingl, oxazolyl pyridone, 2-pyrrohidone, pyridine, piperazminyl, , N-
methylpiperazinyl, piperidinyl, phthalimide, succimimide, pyrazinyl, pyrazolinyl, pyridvl
pyrividinyl, pyrrolidinyl, pyrrolinyl) pyrrolyl, quinolinyl, tetrahydrofuranyl, tetrabhydropyranyl,
tetrahydroquinoline, thiazohdinyl, thiazolyl, thienyl, tetrahydrothiophene, oxane, oxetanyl,
oxathiolanyl, thiane among others.

{06099} Heterocyclic groups can be optionally substituted with a member selected from the
group consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl, cycloalkenyl
substituted cycloalkenyl, acyl, acvilamine, acyloxy, aming, substituted anune, aminoacyl,
ammoacyloxy, oxyaminoacyl, azido, cyano, halogen, hydroxyl, keto, thioketo, carboxy,
carboxyalkyl, thicaryloxy, thiohetercaryloxy, thicheterocyclooxy, thiol, thioalkoxy, substituted
thioalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, hydroxyamino,
alkoxyaming, nitro, —SO-alkyl, —SO-substituted atkyl, —8Qaryl, —8O-hetercaryl, —802-
alkyl, —802-substituted alkyl, —S02-aryl, oxo (=0}, and -SO2-hetercaryl. Such heterocyclic
groups can have a single ring or multiple condensed rings. Examples of nitrogen heterocycles and
heteroarvls include, but are not himited to, pyrrole, imidazole, pyrazole, pyridine, pyrazine,
pyrimidine, pyridazine, indolizine, isoindole, indole, indazole, purine, quinshizine, soquinoline,
quincline, phthalazine, naphthylpyridine, quinoxaline, quinazoline, cinnoline, pteridine,
carbazole, carboline, phenanthriding, acriding, phenanthroline, isothiazole, phenazine, isoxazole,
phenoxazine, phenothiazine, imidazolidine, imidaroline, piperidine, piperazine, indoline,

morpholine, piperidinyl, tetrahydrofuranyl, and the like as well as N-alkoxy-nitrogen containing
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heterocycles. The termy "heterocychic" alse mchides bicychic groups 1n which any of the
heterocyclic rngs is fused to a benzene ring or a cyclohexane ring or another heterocychic ring {for
example, indelyl, quinolyl, isoquineivl, tetrahydroguinolyi, and the kel

{8100 The term “cycloalky!” can mean but is in no way limited to univalent groups
derived from monocyclic or polyeyclic alkyl groups or cycloalkanes, as defnied herein, eg.,
saturated monocyclic hydrocarbon groups having from three to twenty carbon atoms in the ring,
meluding, but not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and
the like. The term "substituted cycloalkyl" can mean but is in no way hmited to a monocyclic or
polveyclic alkyl group and being substituted by one or more substituents, for example, amino,
halogen, alkyl substituted alkyl, carbyloxy, carbylmercapto, aryl, nitro, mercapto or sulfo,
whereas these generic substituent groups have meanings which are identical with definitions of the
corresponding groups as defined in this legend.

[8161] "Heterocycloalkyl™ refers to a monocyclic or polycyclic alkyl group m which at
{east one ring carbon atom of us cyclic structure being replaced with a hetercatom selected from
the group consisting of N, O, S and P. "Substituted heterocycloalkyl® refers to a monocyclic or
polveyehic alkyl group tn which at least one ting carbon atora of ts cyclic structure being replaced
with a hetercatom selected from the group consisting of N, O, S and P and the group 1s containing
one or more substituents selected from the group consisting of halogen, alkyl, substituted alkyl,
carbyloxy, carbylmercapto, arvl, nitro, mercapto and sulfo, whereas these generic substituent
group have meanings which are identical with definitions of the corresponding groups as defined
in this legend.

{8102} The term “spirocyele” or “spiro-fused cycloalkyl” refers o a polycyehic atkyl sroup
contining at least two tings, i which two rings share exactly one ring atom. The term
“spirgheterocycle” or “spiro-fused heterocyeloalkyl” refers to spiro-fused cyeloakyl group in
which at least one ring carbon atom of its cyclic structure is replaced with a hetercatom selected
from the group consisting of N, O, § and P. Spiro-fused cycloalkyl and spire-fused
heterocycloalkyl groups may be further defined by their number of rings, e.g. bicyclic, tricyclic,
tetracyclic, etc.

{8103} The term “bridged cycloaliyl” or refers to a polycvelic atky! group contining at least
two rings, in which two rings share at least three ring atoms. The term “bridged heterocycle” refers

to bridged cycloakyl groups in which at least one ring carbon atom of its cyclic structure 1s replaced

41



WO 2021/127443 PCT/US2020/066021

with a heteroatom selected from the group consisting of N, O, 8 and P. Bridged cycloalkyl and
spiro-fused heterocycloalky! groups may be further defined by their number of rings, e g. bicyclic,
tricyclic, tetracyclic, ete.

[6104] “Halogen” or “halo” refers to fluorine (F), chlorine (C1}, bromine (Br}, or iodine {1}.
18105} “C1~Cs allky!l” refers to a straight or branched chain saturated hydrocarbon containing
1-6 carbon atoms. Examples of a (C1-Cs) alkyl group include, but are not limited to, methyl, ethyl,
propyl, butyl, pentyl, hexyl, isopropyl, isobutyl, sec-butyl, tert-butyl, isopentyl, neopentyl, and
isohexyl.

10106} “Pharmaceutically acceptable salt”, as used herein with respect to a compound of the
disclosure, means a salt form of the compound of the disclosure as well as hydrates of the salt form
with one or more water molecules present. Such salt and hydrated forms retain the biological
activity of the compound of the disclosure and are not biologically or otherwise undesirable, e,
exhibit minimal, if any, toxicological effects. Representative "pharmaceutically acceptable salts”
mchude, eg., water-soluble and water-insoluble salts, such as the acetate, amsonate (4,4-
diammostilbene-2,2-disulfonate), benzenesulfonate, benzonate, bicarbonate, bisulfate, bitartrate,
borate, bromide, butyrate, calcium, calcium edetate, camsylate, carbonate, chloride, citrate,
clavulaniate, dihydrochloride, edetate, edisylate, estolate, esylate, fumarate, gluceptate, gluconate,
glutaroate,  glycollylarsanilate,  hexafluorophosphate,  hexviresorcinate,  hydrabamine,
hydrobromide, hydrochlonide, hydroxynaphthoate, 1odide, isothionate, lactate, lactobionate,
aurate, magnesiom, malate, maleate, mandelate, mesylate, methylbromude, methylnitrate,
methylsulfate, mucate, napsyiate, nurate, N-methylghicamine ammonium salt, 3-hydroxy-2-
naphthoate, oleate, oxalate, palmitate, pamoate (1,1-methene-bis-2-hydroxy-3-naphthoate,
einbonate), pantothenate, phosphate/diphosphate, picrate, polygalacturonate, propionate, p-
toluenesulfonate, salicylate, stearate, subacetate, succinate, sulfate, sulfpsalicylate, suramate,
tannate, tartrate, teoclate, tosylate, triethiodide, and valerate salts.

{0107} The term "isomer" refers to salts and/or compounds that have the same composition
and molecular weight but differ in physical and/or chemical properties. The structural difference
may be in constitution {geometric isomers) of in the ability to rotate the plane of polarized hight
{sterecisomers). With regard to steresisomers, the salts of the compounds of the disclosure may
have one or more asymmetric carbon atom and may occur as racemates, racemic mixtures and as

individual enantiomers or diastereomers.
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10108} The compounds of the disclosure may exist in unsolvated as well as solvated forms
such as, for example, hydrates.

0169} "Solvate”" means a solvent addition form that contains either a stoichiometric or non-
stoichiometric amounts of solvent. Non-limiting examples of suitable solvates include ethanolate,
methanolate, and the like. Some compounds have a tendency to trap a fixed molar ratio of solvent
molecules 1 the crystalline solid state, thus forming a solvate. If the solvent 15 water the solvate
formed 1s a hydrate, when the solvent is alcohol, the solvate formed is an alcoholate Hydrates are
formed by the combination of one or more molecules of water with one of the substances 1n which
the water retains its molecular state as H20, such combination being able to form one or more
hydrate. In the hydrates, the water molecules are attached through secondary valencies by
intermolecuiar forces, in particular hydrogen bridges. Solid hydrates contain water as so-called
crystal water in stoichiometric ratios, where the water molecules do not have to be equivalent with
respect to their binding state. Examples of hydrates are sesquitiydrates, monohydrates, dibydrates
or trihydrates. Equally suitable are the hydrates of salts of the compounds of the disclosure.
8118} "Isotopic derivative”, as referred to herein, relates to a compound of the disclosure that
is 1sotopically enriched or labelled (with respect to one or more atoms of the compound) with one
or more stable isotopes. Thus, in this application, the compounds of the disclosure include, for
example, compounds that are isotopically enriched or labelled with one or more atoms such as
deunterium.

{8111} Metastatic prostate cancer, or metastases, refers to prostate cancer that has spread
beyond the prostate (o other paris of the body, e.g., bonss, lymph nodes, liver, lungs, brain.
{0112} Castrate-resistant prostate cancer or casiration-resistant prostate cancer (or prosiate
cancer that 1s casirate- or castration-resistant} 1s a type of prostate cancer that keeps growmng even
when the amount of testosterone in the body is reduced to very low levels.

{6113} Metastatic, castrate-resistant prostate cancer is a type of prostate cancer that has
metastasized and continues to grow even when the amount of testostercone in the body is reduced
to very low levels.

10114} As used herein, “treating” describes the management and care of a subject for the
purpose of combating a disease, condition, or disorder and includes decreasing or alleviating the

symptoms or complications, or eliminating the disease, condition or disorder.

o
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{0115} As used herein, “preventing” describes stopping the onset of the symptoms or
complications of the disease, condiiion or disorder.

0116} “ Adminstration” refers to introducing an agent, such as a compound of the disclosure
mto a subject. The related terms “admunistering” and “administration of” {(and grammatical
equivalents) refer both to direct adminsstration, which may be administration to a subject by a
medical professional or by seif-administration by the subject, and/or to indirect adminisiration,
which may be the act of prescribing a drug. For example, a physician who instructs a patient to
self-administer a drug and/or provides a patient with a prescription for a drug 1s adnunistering the
drug to the patient.

{0117} The terms "co-adminisiration” and "co-adnunistering” or “combination therapy” refer
to both concurrent adnunistration {adnunistration of two or more therapeutic agents at the same
time) and time varied adnunistration {admimstration of one or more therapeutic agents at a time
different from that of the admirnustration of an additional therapeutic agent or agents), as long as
the therapeutic agents are present in the patient to some extent, preferably at effective amounts, at
the saroe time, In certain preferred aspects, one or more of the present compounds described herem,
are co-administered 1 combination with at least one additional bicactive agent, especially
mcluding an anti~cancer agent. In particularly preferred aspects, the co-admimstration of
compounds results in synergistic activity and/or therapy, mcluding anticancer activity.

[8118] "Therapentically effective armnount”, as used hereitn means an amount of the free base
of 4 compound of the disclosure that is sofficient to treat, ameliorate, or prevent a specified disease
{e.g., prosiate cancer), disease symptom, disorder or condition, or to exhibit a detectable
therapeutic or inhubitory effect. The effect can be detected by any assay method known m the art.
The effective amount for a particular subject may depend upon the subject’s body weight, size,
and health; the nature and extent of the condition; and whether additional therapeutics are o be
administered to the subject. Therapeutically effective amounts for a given situation can be
determined by routing experimentation that 1s within the skill and judgment of the chnician.
[6119] “CUmax”’, as used herein, refers to the observed maximum (peak) plasma concentration
of a specified compound in the subject after adminssiration of a dose of that compound io the
subject.

{01208} “AUC”, as used herein, refers to the total area under the plasma concentration-time

curve, which is a measure of exposure to a compound of interest, and is the integral of the
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concentration-time curve after a single dose or at steady state. AUC is expressed in units of
ng*H/mL {ng x H/mL)}, where “H” refers to hours.

0121} “AUCuy", as used herein, refers to the AUC from 0 hours to the end of a dosing inferval.
{8122} “AUCo24” means the AUC from € hours to 24 hours after adnunistration of a single
dose.

{0123} “Controlled release” or “CR” as used herein with respect to an oral dosage form refers
to where a compound of the disclosure 15 released from the dosage form according to a pre-
determined profile that may include when and where release occurs after oral administration and/or
a specified rate of release over a specified time pertod

[9124] “Controlled release agent” as used herein with respect to an oral dosage form of the
disclosure refers to one or more substances or materials that modulate release of a compound of
the disclosure from the dosage form. Controlled release agents may be materials which are organic
or inorganic, naturally occurring or synthetic, such as polymeric matenals, triglycerides,
denvatives of triglycerides, fatty acids and salts of fatty acids, tale, boric acid, colloidal silica, and
combinations thereof,

[B125] “Euateric coating” as used herein with respect to a dosage form of the disclosure refers
to a pH-dependent material that swrrounds a core comprising a compound of the disclosure and
which rerains substantially intact in the acid environment of the stomach, but which dissolves in
the pH environment of the intestines.

{01 2s5] “Gastro-resistant” or “GR” as apphied to a CR oral dosage form described herein means

that release of a compound of the disclosure in the stomach of a subject shall not exceed 5%
1% or 0.5% of the totai amount of the compound of the disclosure mn the dosage form.
8127} “Oral dosage form” as used herein refers to a pharmaceutical drug product that contains
a specified amount (dose} of a compound of the disclosure as the active ingredient, or a
pharmaceutically acceptable salt and/or solvate thersof, and inactive components {excipients),
formulated mnto a particular configuration that is suitable for oral administration, such as an oral
tablet, liquid, or capsule. In one embodiment, the composttions are in the form of a tablet that can
be scored.

{0128 The term "carrier”, as used in this disclosure, encompasses pharmaceutically accepiable
excipients and diluents and means a material, composition or vehicle, such as a liguid or solid

filler, diluent, excipient, solvent or encapsulating material, involved in carrying or transporting a
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pharmaceutical agent from one organ, or portion of the body, to another organ, or portion of the
body of a subject.

0129} The term “aboul” as part of a quantitative expression such as “about X7, includes any
value that 13 10% higher or lower than X, and also includes any numerical value that falls between
X-10% and X+10%. Thus, for example, a weight of about 40 g includes a weight of between 36
todd g

18138] “Comprising” or “comprises” as applied to a particular dosage form, composition, use,
method or process described or claimed herein means that the dosage form, composiiion, use,
method, or process includes all of the recited elements in a specific description or claim, but does
not exclude other elements. “Consists essentially of” and “consisting essentially of” means that
the described or claimed composition, dosage form, method, use, or process does not exclude other
materials or steps that do not materally affect the recited physical, pharmacological,
pharmacokinetic properties or therapeutic effects of the composition, dosage form, method, use,
or process. “Consists of” and “consisting of” means the exclusion of more than trace elements of
other ingredients and substantial method or process steps.

[B131] “Fasted condition” or “fasted state” as used to describe a subject means the subject has
not eaten for at least 4 hours before a time point of interest, such as the time of admuinistering a
compound of the disclosure. In an embodiment, a subject in the fasted state has not eaten for at
least any of 6, 8, 10 or 12 hours prior to administration of a compound of the disclosure.

{8132] “Fed condition” or “fed state” as used to describe a subject herein means the subject
has eaten less than 4 hours before a time pomnt of mterest, such as the time of administering a
compound of the disclosure. In an embodiment, a subject in the fed state has eaten within at least
any of 3, 2, 1 or 0.5 hours prior to admunistration of a compound of the disclosure.

8133} As used herein, the term “anti-cancer agent” is used to describe an anti-cancer agent,
or a therapeutic agent administered concwrrently with an anti-cancer agent {e.g., palonosetron),
with which may be co-administered and/or co-formulated with a compound of the disclosure 1o
treat cancer, and the side effects associated with the cancer treatment. These agents include, for
example, everolimus, trabectedin, abraxane, TLK 286, AV-299, DN-101, pazopanib, GSK690693,
RTA 744, ON 0910 Na, AZD 6244 (ARRY-142886), AMN-107, TKI-258, GSK461364, AZD
1152, enzastaurin, vandetanib, AR(Q-197, MK-0457, MLN80S4, PHA-739358, R-763, AT-9263,
a FL'T-3 inhibitor, a VEGFR nhibitor, an EGFR TK inhibitor, an aurora kinase inhibitor, a PIK-1
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modulator, a Bel-2 inhibitor, an HDAC inhbitor, a ¢MET inhibitor, a PARP inhibitor, a Cdk
mhibitor, an EGFR TK inhibitor, an IGFR-TK inhibitor, an anti-HGF antibody, a PI3 kinase
mhibitor, an AKT mnhibitor, an mTORCI/2 mhibiior, a JAK/STAT inhibitor, a checkpoint-1 or 2
mhibitor, a focal adhesion kinase inlubitor, a Map kinase {mek} inhibitor, a VEGF trap antibody,
pemetrexed, erlotinib, dasatanib, nilotinib, decatanib, panitumumab, amrubicin, oregovomab, Lep-
etu, nolatrexed, azd2171, batabulin, ofatumumab, zanolimumab, edotecarin, tetrandrine,
rubitecan, tesmilifene, oblimersen, tictiimumab, ipilimumab, gossypol, Bio 111, 131-1-TM-601,
ALT-110, BIO 140, CC 8490, cilengitide, gimatecan, IL13-PE38QGR, ING 1001, IPdR1 KRX-
0402, lucanthone, LY317615, neuradiab, vitespan, Rta 744, Sdx 102, talampanel, atrasentan, Xr
311, romidepsin, ADS-100380, sunitinib, 3-fluorouracil, vorinostat, etoposide, gemcitabine,
doxorubicin, liposomal doxorubicin, S'-deoxy-S-fluorouridine, vincristine, temozolomide, ZK-
304709, selicichib; PDO323901, AZD-6244, capecitabine, L-Glutamic acid, N-[4-[2-(2-amino-4,7-
dihydro-4-oxo-1H- pyrrolo[2,3-dlpyrimidin-S-ylethyllbenzoyl]-, disodium salt, heptahydrate,
camptothecin, PEG-labeled innotecan, tamoxifen, toremifene citrate, anastrazole, exemestane,
letrozole, DES{diethylstilbestrol), estradiol, estrogen, conjugated estrogen, bevacizumab, IMC-
1C1Y, CHIR-258); 3-[S-{methylsulfonyipiperadinemethyl)- ndolyl-quinclone, vatalanib, AG-
013736, AVE-0005, goserelin  acetate, leuprolide  acetate, triptorelin  pamoate,
medroxyprogesterone acetate, hydroxyprogesterone caproate, megestrol acetate, raloxifene,
bicalotamide, flutanude, nilutamide, megesirol acetate, CP-724714; TAK-165, HKI-272, erlotinib,
fapatanib, canertinib, ABX-EGF antibody, erbitux, EKB-569, PKI-166, GW-572016, lonatarnib,
BMS-214662, tipifarmb; amifosting, NVP-LAQ824, suberoyl anabide hydroxamic acid, valproic
acid, trichostatin A, FK-228, SU11248, sorafemtb, KRN931 | ammoglutethimide, amsacrine,
anagrelide, L-asparaginase, Bacillus Calmette-Guerin (BCG) vaccine, adriamycin, bleomycin,
buserelin, busulfan, carboplatin, carmustine, chlorambucil, cisplatin, cladribine, clodronate,
cyproterone, cyvtarabine, dacarbazine, dactinomycin, daunorubicin, diethylstiibestrol, epirubicin,
fludarabine, fludrocortisone, fluoxymesierone, flutamide, gleevec, gemcitabine, hydroxyurea,
idarubicin, tfosfamide, imatintb, leuprolide, levamisole, lomustine, mechlorethamine, melphalan,
G-mercaptopurine, mesna, methotrexate, mitomycin, mitotane, mitoxantrone, nilutamide,
octreotide, oxaliplatin, panuidronate, pentostatin, plicamyein, porfimer, procarbazing, raltitrexed,
rituximab, streptozocin, teniposide, testosterone, thalidomide, thioguanine, thiotepa, tretinoin,

vindesine, 13-cis-retinoic acid, phenylalanine mustard, uracil mustard, estramustine, altretamine,
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floxuridine, S-decoxyuriding, cytosine arabinoside, 6-mecaptopurine, deoxycoformycin,
calcitriol, valrubicin, mithramyein, vinblastine, vinorelbine, topotecan, razoxin, marimastat, COL-
3, negvastat, BMS-275291 | squalamine, endostatin, SUS416, SUG668, EMD121974, interleukin-
12, IMB62, angiostatin, vitaxin, droloxifene, idoxyfene, spironolacione, finasteride, cimitidine,
trastuzumab, dentleukin diftitox, gefitinib, bortezimib, paclitaxel, cremophor-free paclitaxel,
docetaxel, epithilone B, BMS- 247550, BMS-310705, droloxifene, 4-hydroxytamoxifen,
pipendoxifene, ERA-923, arzoxifene, fulvestrant, acolbifene, lasofoxifene, idoxifene, TSE-424,
HMR- 3339, ZK 186619, topotecan, PTK787/7K 222384, VX-745, PD 184352, rapamycin, 40-0-
{2-hydroxyethyl}-rapamvein, temasirolimus, AP-23573, RADOOL, ABT-578, BC-210, LY294002,
LY292223, LY292696, LY293684, LY293646, wortmannin, FM336372, L-779 450, PEG-
filgrastim, darbepoetin, erythropoietin, granulocvie colony-stimulating factor, zolendronate,
prednisone, cetuximab, granulocyte macrophage colony-stimulating factor, histrelin, pegylated
interferon alfa-2a, interferon alfa-2a, pegvlated interferon alfa-2b, interferon alfa-2b, azacitidine,
PEG-L-asparaginase, lenalidomde, gemtuzumab, hydrocortisone, interleukin-11, dexrazoxane,
alemtuzumab, all-transretinoic acid, ketoconazole, mterleukin-2, megestrol, immune globulin,
nitrogen mustard, methylprednisolone, ibrifgumomab  tiuxetan, androgens, decitabine,
hexamethylmelanune, bexarotene, tositumornmab, arsenic trioxide, cortisone, editronate, mifotane,
cyclosporine, hiposomal daunorubicin, Edwina-asparaginase, strontium 89, casopitant, netupitant,
an NEK-1 receptor antagomst, palonosetron, aprepitant, diphenhydramine, hydroxyzine,
metoclopramide, forazepam, alprazolam, haloperidol, droperidol, dronabinol, dexamethasone,
methylprednisolone, prochlorperazine, granmisetron, ondansetron,  dolasetron,  {ropisetron,
peglilgrastim, erythropoietin, epoetin alfa, darbepoetin alfa, and mixtires thereof In one
embodiment, the anti-cancer agent is selected from the group consisting of abiraterone,
estramusting, docetaxel, ketoconazole, goserelin, histrelin, triptorelin, buserelin, cyproterone,
flutamide, bicalutamide, nilutanmide, pamidronate, and zolendronate In one embodiment, the anti-
cancer agent 15 selected from the group consisting of FLT-3 mhibitor, androgen receptor inhibitor,
VEGFR inhibitor, EGFR TK inhibitor, aurora kinase inhibitor, PIK-1 modulator, Bel-2 inhibitor,
HDAC mhibitor, c-Met mhibitor, PARP inhibitor, CDK 4/6 inhibitor, anti-HGF antibody, IGFR
TK mhibitor, PI3 lkinase inhibitor, AKT inhibitor, JAK/STAT inhibitor, checkpomt 1 inhibitor,
checkpoint 2 inhibitor, focal adhesion kinase inhubitor, Map kinase kinase mhibitor, VEGF trap

antthody, and chemical castration agent.
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10134} In one embodiment, the anti-cancer agent 1s selected from the group consisting of
temozolomide, capecitabine, irinotecan, tamoxifen, anastrazole, exemestane, letrozole, DES,
Estradiol, estrogen, bevacizumab, goserelin acetate, leuprolide acetate, triptorelin pamoate,
medroxyprogesterone  acetate, hydroprogesterone caproate, raloxifene, megestrol acetate,
carboplatin, cisplatin, dacarbazine, methotrexate, vinblastine, vinorelbine, topotecan, finasteride,
arzoxifene, fulvestrant, prednisone, abiraterone, enzalutamide, apalutamide, darolutanude,
sipuleucel-T, pembrolizumab, nivolumab, cemiplimab, atezolizumab (Tecentrig), avelumab
{Bavencio), durvalumab (Imfinzi}, docetaxel (Taxotere), cabazitaxel (Jeviana), mitoxantrone
{Novantrone)}, estramustine {Emcvyt), docetaxel, ketoconazole, histrelin, triptorelin, buserelin,
cyproterone, flutamide, bicalutamide, nilutamide, pamidronate, and zolendronate.,

[0135] Abiraterone acetate s a commercially available drug for the treatment of metastatic
castration-resistant prostate cancer developed by Janssen and sold under the brand name Zytiga®.
[8136] The articles "a" and "an" are used in this disclosure to refer to ove or more than one
{1.e, to at least one} of the grammatical object of the article. By way of example, "an element”
means one element or more than one element,

9137} The terro "and/or” 15 used in this disclosure to mean erther "and” or "or" unless
ndicated otherwise,

[6138] The terms "patient” and “subject” are used interchangeably herein, and refer to a
mammal, e.g., a hurnan, mouse, rat, guinea pig, dog, cat, horse, cow, pig, or non-human primate,
such as a monkey, chimpanzee, baboon or rhesus.

[8139] In one embodiment, the subject 1s a human

0146} In one embodiment, the subject 13 a human who has been diagnosed with prostate
cancer.

{0141} In one embodiment, the subject s a human whe has been diagnosed with metastatic
prostate cancer.

0142} In one embodiment, the subject is a human who has been diagnosed with castrate-
resistant prostate cancer.

10143} In one embodiment, the subject is a human who has been diagnosed with metastatic,

castrate-resistant prostate cancer.
COMPOUNDS OF THE DISCLOSURE
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10144] In one aspect, the application pertains to a bifunctional or multifunctional compounds
useful for regulating protein activity by inducing the degradation of a target protein. In some
embodiments, the bifunctional compound comprises an B3 ubiguitin ligase binding motety and a
protein targeting moiety, preferably linked through a linker moiety, as otherwise described herein,
wherein the E3 ubiquitin ligase binding moiety is coupled to the protein targeting moiety and
wherein the E3 ubiquitin ligase binding moiety recognizes a ubiquitin pathway protein (.2, an
ubiguitin ligase, preferably an B3 ubiquitin ligase) and the protein targeting motety recognizes the
target protein such that degradation of the target protein will occur when the target protein is
placed in proximity to the ubiquitin ligase, thus resulting in degradation/inhibition of the effects
of the target protein and the control of protein levels. In certain embodiments, the bifunctional
compound comprises a CLM coupled, e.g., linked covalently, directly, or indirectly, to a chemical

finker L, and a PTM, which can be depicted as:

PTM-L-CLM

9145} The CLM recognizes and binds to cereblon, an B3 Ubiquitin Ligase. The PTM s a sroall
molecule protein binding motety that binds and recruits an intracellular target protem or
polypeptide bringing it into close proximity to the CLM to effect the degradation of the target
protein, resulting in target protein ubiquitination.  In certain embodiments, the PTM 15 an AR
binding motety {ABM ).

{8146} In any of the compounds described heren, the PTM comprises the following chemical

structure:

e
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10147} In any of the compounds described herein, the L comprises the following chemical
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0145} In any of the compounds described herein, the CLM comprises the following chemical

structures:
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{8149} In another aspect, the application pertains to a bifunctional compound having the
structure:
ABM-L-CLM,
or a pharmaceutically acceptable salt, solvate, enantiomer, stereoisomer, or iSotopic
derivative thereof,
wherein:

{a) ABM is an androgen receptor {AR) hinding moiety having the structure:

(R%n /C}?
S \og
. e
i o N he
i T o
o3 o3
» /\.\
& o
wherein:

0l Q% @7, Q% and Q7 are each independently CR, or N;

@ is 4-6 membered cycloalkvl, Ce-Ciro aryl, 4-6 membered
heterocycloalkyl, or 4-6 membered hetercaryl, wherein the heterocycloalkyl or
heteroarvi comprises 0-4 hetercatoms;

0°, Q7, 0%, Q° and Q' are each independently CR®, or N;

Each R' is independently selected from the group consisting of H,
optionally substituted linear or branched C1-Cs alkyl, cyano, halogen, and
optionally substituted linear or branched C1-Cs alkoxy, wherein the alkyl or alkoxy
group 15 optionally substituted with one or more halo;

Each R? is independently selected from the group consisting of optionaily
substituted linear or branched Ci-Co alkyl, cyano, halogen, and optionally
substituted binear or branched C1-Cs alkoxy, wherem the alkyl or alkoxy group s
optionally substiuted with one or more halo;

Fach R 15 independently selected from the group consisting of optionally
substituted H, hmear or branched Ci-Cs alkyl, cyano, halogen, and optionally
substituted linear or branched C1-Cs alkoxy, wherein the alky! or alkoxy group 1s

optionally substituted with one or more halo; and

L
h
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nisQ 1,2, 3, or4;

(b} L is a chenueal hinking moiety having the structure:

wherein:

the ABM 1s linked to W, and the CLM is linked 10 Z or
the ABM is linked to Z, and the CLM is linked to W,

W is absent or "g"CEc"é'

is 4-7 membered cveloalkyl, 4-7 membered heterocycle, or spiro-
bicyelic heterocychoalkyl, where each ring in the spiro-bicyele 15 4-7 membered;
X 1s -CHz- or absent;

Y is -NRS- (- or absent;

“ 15 4-7 membered cycloalky! or 4-7 membered heterocycle;
Z is -C(R"-, -NR'-, -0-, or absent;

R® is H, linear or branched Cis alkyl, linear or branched Ci.s alkoxy-Crs

wF Ou_ 7
§ o
f] l[ o

3 0.
A '{c /.; ’

4

;;'3} ~.
\“ . . - lx\ . .
§ Tindicatesabondto Y, and /  indicates

N
3
&

alkyl, or , wherein

POSS

n

A

a bond to &w’ ;
each R’ is independently selected from the group consisting of H, linear or
branched Cis alkyl, and linear or branched Ci6 alkoxy,
pist 2 3 ord; and
gisl1,2,3, 4 orS;

{c} CLM is cereblon E3 ubiquitin ligase hinding motety having the structure:
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o]

7
NH

Wherein:

“15 Ce-Cro aryl, 4-7 membered hetercaryl, or bridged bicyclic
cycloatkyl;

ng’ indicates that linking moiety L 1s connected to ring S by one or two
covalent bonds;

Fach R*is independently selected from the group consisting of optionally
substituted linear or branched Ci-Cs alkyl, cyano, halogen, and opticnally
substituted linear or branched C1-Cs alkoxy, wherein the alkyl or alkoxy group is
optionally substituted with one or more halo;

R® is H, optionally substituted linear or branched Ci-Cs alkyl, or optionally
substituted linear or branched C1-Cs alkoxy, wherein the alkyl or alkoxy group 1s
optionally substituted with one or more halo; and
misG 1,2, 3 0rd

[8158] In another aspect, the application pertains to a compound of Formula (I}
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{0151} or a pharmaceutically acceptable salt solvate, enantiomer, sterecisomer, or iSotopic
derivative thereof

wherein all variables are as defined herein.

{8152} In some embodiments, when @ is pyridyl, *
CR! and Q% is CR!, then R is not chloro

is tetramethyleyclobutyl, Q7 is

{81583} In some embodiments, the compound of Formula (I} is not N-{4-(3-chloro-4-
cyanophenoxy)eyclohexyi-6-(4-((4-(4-{{2,6-dioxopipendin-3-yHcarbamoyl}phenyhipiperazin-1 -
vlymethyhpiperidin-1-yhpyridazine-3-carboxamide.

REY In some embodiments, the compound of Formula {I) 1s not

H
O N0
DOROY OOU
\= : = N
P \j/x\/\\ :

{6135} In some embodiments, L 1s

wheren

@ 18 4-7 membered cycloalkyl or 4-7 membered heterocycle;
Y is -NR", -0, or absent;

R® i3 H, linear or branched Cis alkyl, or linear or branched Cisalkoxy; and

is 4-7 membered cycloalky] or 4-7 membered heterocyele.

{81586] In some embodiments, L 1s

wherein:

@ is 47 membered cycloalkyl or 4-7 membered heterocycle;
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Y is -NRE- or -0

R® is H, linear or branched Cis alkyl, or linear or branched Cisalkoxy; and

" is 4-7 membered cycloatkyl or 4-7 membered heterocycle.

{8157} In some embodiments, L is

Wherein:

@ is piperidiny! or morpholinyl;

Y is -NR% or -0-;

R%is % or iZ{\\’/-\\;

7 15 cyclobutyl; and

Z 18 -0~

[81538] In some embodiments, L 1s

Wherein;
is piperidiny! or morpholinyl; and

7 is piperazinyl.

0159} In some embodiments, @ is pipertdinyl.

{8166} In some embodiments, the compound 15 a compound of Formula (Ib):

L
D
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{ib},
wherein all variables are as defined herein.

{0161} In some embodiments, the compound is a compound of Formula (Ic):

{R%n

NH

Q! 0.
Q?/ \Y
3 5 hN
Q\ 5{,0 - O

4
Q

(Icy,

wherein all variables are as defined herein.

{8162} Tn some embodiments, Q-0 are each CRY In some embodiments, between 1-3 of Q-
Q7 is N. In some embodiments, exactly 1 of Q0% is N. In some embodiments, exactly 2 of Q1-Q°
i3 N. In some embodiments, exactly 3 of Q-Q° s N.

{8163} In some embodiments, Q%0'° are each CRY. In some embodiments, between 1-3 of Q°-
Q' 15 N. In some embodiments, exactly 1 of Q%09 is N. In some embodiments, exactly 2 of Q%
0% is N. In some embodiments, exactly 3 of Q%-Q'% is N.

[0164]  Tn some embodiments, Q' is CH, Q% is C(CH3), Q7 is TICN), QY is C(CH3), and Q7 1s
CH.

[0165] In some embodiments, Q! is CH, ¢ is C{OCHz), @ is C{CN), Q*is CH, and @ is CHL
{0166]  Insome embodiments, Q! is CH, Q% is C{C1), @ s C{CN), Q% is CH, and Q° is CH.
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{0167} In sonie embodiments, R! is selected from the group consisting of CN and CHa. In some
embodiments, R’ is selected from the group consisting of CN and OCH’ In some embodiments,
R'is selected from the group consisting of CN and Cl In some embodiments, at least one R1 is

{Fs.

[03168] In some embodiments, “ 15 4-6 membered cycloalkyl In some embodiments,

“1s cyclobutyl or cyclohexyl In some embodiments, is cyclobutyl In some

embodiments, i cyclopentyl. In some embodiments, 7 1s eyclohexyl

[B#169] In some embodunents, vis 0 In some erobodiments, 15 1. In some embodiments, n is
2. In some embodiments, n s 3. In some embodiments, nis 4.

{0176} In some embodiments, R? is Hnear or branched C1-Cs alkyl. In some embodiments, R? is
methyl. In some embodiments, R? is ethyl In some embodiments, R? is propyl In some
embodiments, R? is n-propyl. In some embodiments, R? is isopropyl. In some embodiments, R? is
butyl. In some embodiments, R? is n-butyl In some embodiments, R? is isobutyl In some
embodiments, R? is sec-butyl. Tn some embodiments, R is tert-butyl. In some embodiments, R? is

pentyl In some embodiments, R* is hexyl.

(8171} In some embodiments, is phenyl, pyridinvl pyndazinyl, pyomidinyl, or

pyrazinyl. In some embodiments, .is phenyl. In some embodiments, ®h pyridinyl In

some embodiments, ®is pyridazinyl In some embodiments,

embodiments, . is pyrazinyl

{8172} In some embodiments, each R* 13 independently selected from the group consisting of

is pyrimidinyl. 1n some

¥, methoxy, ethoxy, methyl, and ethyl. In some embodiments, each R* is independently selected
from the group consisting of F, methoxy, and methyl
{6173} In some embodiments, m is 0,1, or 2. In some embodiments, m 18 O In some

embodiments, m is 1. In some embodiments, m is 2.
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18174} In one aspect, the application pertaing to a compound of Formula (Id):

MNH
ki
N G
9]
{1d},
wherein all variables are as defined herein.
{8175} In one aspect, the application pertains to a compound of Formula (Te):
hm RS
N
NH
oS
(Ie},
wherein all variables are as defined herein
{8176} In one aspect, the application pertains to a compound of Formula (i)
(R%n
(RYm RS
1 o)
o /Q \Ybﬁ%"
g 6 N
Qc} s
¢ 4'%0
(o &

(it

wherein all variables are as defined herein.
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18177} In one aspect, the application pertaing to a compound of Formula (Ig):

o) Oy, 7 . o}
o 077 Q -
Q" e, QG{;‘ \Qe -
H e NH
: . / i \
) oS o
NN N RN ‘ S
[¢] Q1
o}
{ig),
wherein all variables are as defined herein.
{8178} In one aspect, the application pertains to a compound of Formula (Thy:
(RMen RS
(R7n o]
NH
o— o]
C & e Q°
Q4
(Ih),
wherein all variables are as defined herein.
{8179} In one aspect, the apphcation pertains to a compound of Formula (It):
R¥ym RS
c
NH
{R%)n
H
N
8]

(s,

wherein all variables are as defined herein.
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18188} In one aspect, the application pertains to a compound of Formuda (I}

(Rhm

RS
QO
NH
R
Q
H
N
o]
(5,
wherein all variables are as defined herein.
[8181] o one aspect, the application pertains to a corapound of Formula (Ik):
(R%n
"'» @
/ f/,,, o -
\\r/ Q¢ = \ / v '
1)
Q“’

(T},
wherein all variables are as defined herein.

{8182] In one aspect, the application pertains to a compound of Formula (i)

(R%n
1
2 /Q\ ()//I'f,i"
Lol
| H
Q. 0 N
\Q4/

Q
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wherein all variables are as defined herein.

{8183} In one aspect, the application pertains to a compound of Formula (Im):

(Réin

i)
o]
zT

{Im),

wherein all variables are as defined herein.

10184} In one aspect, the application pertains to a compound of Formula (Io):

é\‘ "
(R*m b
(R ol N o
' ot \Qa
’”‘E]L'“L NH
H
N ol
\Qw/ o O
o
{In},

wherein all variables are as defined herein.

{0185} In one aspect, the application pertains to a compound of Formula (Ipy:

()
R
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(R¥m

’R/)ﬂ /QV O
' Qa/ \Qs
L NH
N R, A K
Q1O
O
(1o},
wherein all variables are as defined herein.
{8186} In one aspect, the application pertains to a compound of Formula (Ig):
(R
(RYm RS
a! Oy,
o Xy Y, \N o
| o /
3 S U LIN—— S NH
Q\ P i U \
NG (]
Q R, Y a0
{Ip),
wherein all variables are as defined herein.
18187} In one aspect, the application pertains to a compound of Formula (Ir):
2
(R9n RYym RS
Ql Oy 7 N o
-~ ’/{,ﬁ /Q
2 Ry . el \Qa
|§ H _____,_,.‘.%.-—--‘-L S NH
; i
e} ot \J \\
. 6{:" N ‘ e &
Q* Qe
o
(1a),

wherein all variables are as defined herein.

{0188} In one aspect, the application pertains to a compound of Formula (Is}:
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(®5m

R%n N o)
LS S NH
fD. 0 8]
Q

{ir),
wherein all variables are as defined herein.
6189} In another aspect, the application pertains to a compound, wherein the compound is:

1 )Q f*“@\ ,,\/CE\%

ey ,

\/ \f
2 / \/
5;\ / NH
/\! /\ !
\/A\/ \/
4
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or a pharmaceutically acceptable salt, enantiomer, sterecisomer, solvate, or isotopic derivative
thereof.

{0190} A compound of the disclosure may be synthesized using standard synthetic methods
and procedures for the preparation of organic molecules and functional group transformations and
manipulations, including the use of protective groups, as can be obtaned from the relevant
scientific literature or from standard reference textbooks in the field in view of this disclosure.
Although not limited to any one or several sources, recognized reference textbooks of organic
synthesis include: Smith, M.B.; March, J. March’s Advanced Organic Chenmisiry: Reactions,
Mechanisms, and Structure, 5% ed.; John Wiley & Sons: New York, 2001; and Greene, T.W.;
Wuts, P.G. M. Protective Groups in Organic Synthesis, 3% John Wiley & Sons: New York, 1999,
The svnthetic methods described in U S, Patent Application Publication No. 2018/0099940 and
International Publication No. 2018/144649 are incorporated herein by reference in their entireties.
[8181} In one embodiment, the compounds of the disclosure may be prepared according to the
procedures and methods disclosed herein, mcluding, for example, where indicated in Table 1.
Other bifunctional compounds of the disclosure can be prepared using simiar methods from
common intermediates or derivatives thereof,

{0192} TABLE 1. SYNTHETIC ROUTES TO PREPARE VARIOUS COMPUUNDS OF THE DISCLOSURE
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Compound No,

Synthetic Route

I Example 3
3 Example 4
4 FiG. 2
5 Example 5
9 FIG 3
14 Example 6
15 Example 7
16 FIG 4
21 Example 8
23 Example 9
24 Example 10
27 Example 11
28 Example 12
33 Example 13
34 Example 14
35 Example 15
37 Example 10
38 Example 17
39 Example 18
40 Example 19
41 Example 20
43 and 44 Example 21
48 and 49 Example 22
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64 Example 23
70 Example 24

METHODS OF UBIQUITINATING/DEGRADING A TARGET PROTEIN IN A CELL

[0393] The present disclosure provides a method of ubiquitinating/degrading a targst protein
in a cell. The method comprises administering a bifunctional composition comprising an E3
ubiquitin ligase binding moiety and a protein targeting moiety, preferably linked through a linker
moiety, as otherwise described herein, wherein the 3 ubiguitin ligase binding moiety is coupled
to the protein targeting moiety and wherein the E3 ubiquitin ligase binding motety recognizes a
ubiquitin pathway protein {e g, an ubiquitin ligase, preferably an H3 ubiguitin ligase) and the
protein targeting moiety recognizes the target protein such that degradation of the target protein
will occur when the target protein s placed in proximity to the ubiguitin ligase, thus resulting n
degradation/intubition of the effects of the target protein and the control of proten levels, The
control of protein levels afforded by the present disclosure provides treatment of a disease state or
condition, which is modulated through the target protein by lowering the level of that protemn in
the cells of a patient.

[08194] In oue aspect, this application provides a compound of Formula (I), or a
pharmaceutically acceptable salt, enantiomer, stersoisomer, solvate, polymorph, isotopic
derivative, or prodrug thereof, that degrades the androgen receptor {AR) protein. In one
embodiment, the AR that is degraded by the compound of Formula (I} 15 wild type AR, In one
embodiment, the AR that is degraded by the compound of Formula (I} 1s a mutant form of AR
{6195} In one embodiment, the mutant form of AR that 15 degraded by the compound of
Formula (I} comprises at least one AR somatic tumor mutation. In one embodiment, the at feast
one somatic AR tumor mutation is selected from L702H, MBO95V, M&96V, TR78A, F&77L, and
HE73Y.

{8196} In one embodiment, the muiant form of AR that 15 degraded by the compound of
Formula (1) comprises at least two AR somatic tumor mutations. In one embodiment, the at least
two somatic AR tumor mutation are selected from L702H, M895V, MBo6V, T878A, F877L, and
HE73Y

{8197} In one embodiment, the present disclosure is directed to a method of treating a patient

in need for a disease state or condition modufated through a protein where the degradation of that
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protein will produce a therapeutic effect in that patient, the method comprising administering to a
patient in need an effective amount of a compound of Formula (I}, optionally in combination with
angther anii-cancer agent. The disease state or condition may be a disease caused by a microbial
agent or other exogenous agent such as a virus, bacteria, fungus, protozoa, or other microbe or
may be a disease state caused by overexpression of a protein, which leads to a disease state and/or

condition.

METHODS OF TREATMENT

{0198} In one aspect, the present application pertains to a method of treating and/or preventing
cancer comprising administering to a subject in need thereof a therapeutically effective amount of
a compound of the disclosure, or a pharmaceutically acceptable salt, enantiomer, sterecisomer,
solvate, or 1sotopic derivative thereof.

[8199] 1o one aspect, the present application pertains to a method of treating and/or preventing
cancer comprising administering to a subject 0 need thereof a therapeutically effective amount of
a compound of Formula (I}, or a pharmaceutically acceptable salf, enantiomer, stereoisomer,
solvate, polymorph, tsotopic derivative, or prodrug thereof, m combination with one or more
additional anti-cancer agents.

[8266] The methods of treating cancer described herein result in a reduction i turor size.
Alternatively, or in addition, the cancer is metastatic cancer and this method of treatment includes
nhibition of metastatic cancer cell invasion.

{8201} In one embodiment, the cancer 1s prosiate cancer,

[0262] In one embodiment, the cancer 1s metastatic prostate cancer.

{8203} In one embodiment, the cancer 13 castrate-resistant prostate cancer.

0204] In one embodiment, the cancer i1 metastatic, castrate-resistant prostate cancer
{mCRPC).

{0205} In one embodiment, the subject suffering from prosiate cancer {e.g., mCRPC) will have
a different response to treatment with a compound of the disclosure or a pharmaceutically
acceptable salt, enantiomer, stereoisomer, solvate, polymorph, isotopic derivative, or prodrug
thereof, depending on the AR biomarker status of the subject, i.e., whether the subject has one or

more somatic tumor mutations to AR,
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10206} In one embodiment, the subject with prostate cancer comprises at least one somatic AR
tumor mutation.

0287} In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of L702.

10208} In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of L702H.

18209] In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of M89S.

10210} In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of M89SY.

0211} In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of M896.

[8212] In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of MBOY.

[8213] In one emabodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of T878.

8214} In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of TR78A,

[8215] In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mudation of F877.

{8216} In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of F877L.

[8217] In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of H87S.

{0218} In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of H375Y.

[6219] In one embodiment, the subject with prostate cancer comprises at least two somatic AR
tumor mutations.

{82264 In one aspect, the application pertains to a method of treating prostate cancer with a

compound of the disclosure, wherein the compound of the disclosure is:
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or a pharmaceutically acceptable salt, enantiomer, sterecisomer, solvate, or isotopic derivative
thereof.
10221} In one aspect, the application pertains to freating prostate cancer with a compound of
the disclosure in combination with another anti-cancer agent. In one embodiment, the prostate
cancer treated with the combination of a compound of the disclosure and ancther anti-cancer agent
is metastatic prostate cancer. In one embodiment, the prostate cancer treated with the combination
of a compound of the disclosure and another anti-cancer agent is castrate-resistant or castration-
resistant prostate cancer. In one embodiment, the prostate cancer treated with the combination of
a compound of the disclosure and another anti-cancer agent is metastatic, castrate-resistant prostate
cancer. In one embodiment, the other anti-cancer agent is abiraterone, estramustine, docetaxel,
ketoconazole, goserelin, histrelin, triptorelin, buserelin, cyproterone, flutamide, bicalutamide,
nilutamide, pamidronate, zolendronate, or a pharmaceutically acceptable salt thereof. In one
embodiment, the other anti-cancer agent is abiraterone or a pharmaceutically acceptable salt
thereof. In one embodiment, the other anti-cancer agent is abiraterone acetate.
{8222} In one aspect, treating cancer resulis in a reduction o size of a tumor. A reduction mn
size of a tumor may also be referred to as "tumor regression." Preferably, after treatmoent, tumor

stze 18 reduced by 5% or greater relative 1o its size prior to treatment; more preferably, tumor size
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is reduced by 10% or greater; more preferably, reduced by 20% or greater, more preferably,
reduced by 30% or greater; more preferably, reduced by 40% or greater; even more preferably,
reduced by 50% or greater; and most preferably, reduced by greater than 75% or greater. Size of
a tumor may be measured by any reproducible means of measurement. In a preferred aspect, size
of a tumor may be measured as a diameter of the tumor.

{0223} In another aspect, treating cancer results inn a reduction in tumor volume. Preferably,
after treatment, tumor volume is reduced by 5% or greater relative to its volume prior to treatment;
more preferably, tumor volume is reduced by 10% or greater; more preferably, reduced by 20% or
greater; more preferably, reduced by 30% or greater; more preferably, reduced by 40% or greater;

even more preferably, reduced by 50% or greater; and most preferably, reduced by greater than

~3

3% or greater. Tumor volume may be measured by any reproducible means of measurement.
{8224 In another aspect, treating cancer results in a decrease 1o nurober of turoors. Preferably,
after treatment, tumor number 13 reduced by 3% or greater relative to number prior to treatment;
more preferably, tamor number is reduced by 10% or greater; more preferably, reduced by 20%
or greater; more preferably, reduced by 30% or greater; more preferably, reduced by 40% or
greater; even more preferably, reduced by 50% or greater; and most preferably, reduced by greater
than 75%. Number of tumors may be measured by any reproducible means of measurement. Ina
preferred aspect, number of tumors may be measured by counting tumors visible to the naked eye
or at a specified magnification. In a preferred aspect, the specified magmification 1s 2x, 3x, 4x, 5x,
10x, or 50x.

[8225] In another aspect, ireating cancer results in a decrease in number of metastatic lesions
i other tissues or organs distant from the primary tumor site. Preferably, after treatment, the
number of metastatic lesions 1s reduced by 5% or greater relative to number prior to treatment;
more preferably, the number of metastatic lesions 1s reduced by 10% or greater; more preferably,
reduced by 20% or greater;, more preferably, reduced by 30% or greater; more preferably, reduced
by 40% or greater; even more preferably, reduced by 50% or greater; and most preferably, reduced
by greater than 75%. The number of metastatic lesions may be measured by any reproducible
means of measurement. In a preferred aspect, the number of metastatic lesions may be measured
by counting metastatic lesions visible to the naked eye or at a specified magnification. Ina

preferred aspect, the specified magmification 18 2x, 3x, 4x, Sx, 10x, or 50x.
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10226} In another aspect, treating cancer results in an increase in average survival time of a
population of treated subjects in comparison (o a population receiving carrier alone. Preferably,
the average survival time is mcreased by more than 30 days; more preferably, by more than 60
days; more preferably, by more than 90 days; and most preferably, by more than 120 days. An
increase in average survival time of a population may be measured by any reproducible means. In
a preferred aspect, an increase in average survival time of a population may be measured, for
example, by calculating for a population the average length of survival following intiation of
treatment with an active agent or compound of the disclosure. In another preferred aspect, an
increase in average survival time of a population may alse be measured, for example, by
calculating for a population the average length of survival following completion of a first round of
treatment with an active agent or compound of the disclosure.

0227} In another aspect, treating cancer resulis in an ncrease in average survival time of a
population of treated subjects in comparison to a population of yotreated subjects. Preferably, the
average survival time 1s increased by more than 30 days; more preferably, by more than 60 days;
more preferably, by more than 90 days; and most preferably, by more than 120 days. Anincrease
m average survival time of a population may be measured by any reproducible means. In a
preferred aspect, an increase m average survival time of a population mav be measured by
calculating for a population the average length of survival following initiation of treatment with
an active agent or compound of the disclosure. In another preferred aspect, an increase in average
survival time of a population may be measured by calculating for a population the average length
of survival following completion of 8 first round of treatment with a compound of the disclosure.
{8228} In another aspect, treating cancer results in a decrease in tumor growth rate. Preferably,
after treatment, tumor growth rate 1s reduced by at least 5% relative to growth rate prior to
treatment; more preferably, tumor growth rate 18 reduced by at least 10%; more preferably, reduced
by at least 20%; more preferably, reduced by at least 30%; more preferably, reduced by at least
40%,; more preferably, reduced by at least 50%; even more preferably, reduced by at least 50%;
and most preferably, reduced by at least 75%. Tumor growth rate may be measured by any
reproducible means of measurement. In a preferred aspect, tumor growth rate is measured
according to a change in tumor diameter per unit time.

10229} In another aspect, treating cancer results in a decrease in tumor regrowth. Preferably,

after treatment, tumor regrowth is less than 5%; more preferably, tumor regrowth is less than 10%;
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more preferably, less than 20%,; more preferably, less than 30%; more preferably, less than 40%;
more preferably, less than 50%; even more preferably, less than 50%; and most preferably, less
than 75%. Tumor regrowth may be measured by any reproducible means of measurement. Ina
preferred aspect, tumor regrowth is measured by measuring an increase in the diameter of a tumor
after a prior tumor shrinkage that followed treatment. In another preferred aspect, a decrease in
tumor regrowth is indicated by failure of tumors to reoccur after treatment has stopped.

18238] The dosages of the compound of the disclosure for any of the methods and uses
described herein vary depending on the agent, the age, weight, and clinical condition of the
recipient subject, and the experience and judgment of the clinician or practitioner administering
the therapy, among other factors affecting the selected dosage.

[0231} The therapeutically effective amount of the compound of the disclosure may be
adminustered one or more tirnes over a day for up to 30 or more days, followed by 1 or more days
of non-administration of the compound. This type of treatment schedule, t.e, adronistration of a
the compound of the disclosure on consecutive days followed by non-admunistration of the
compound on cousecutive days may be referred to as a treatment cycle. A treatruent cycle may be
repeated as many tiroes as necessary to achieve the intended affect.

(6232} In one embodiment, the therapeutically effective amount of the compound of the
disclosure 18 0.01,0.05,0.1,02,03,04,05,06,07,08,09,1,15,2,25,3,3.5,4,45,5,535,
6,657,758 85,9,95, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29,30, 31,32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,47, 48, 49, 50, 51, 52, 53, 54,
55,56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 8D,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 105, 110, 115, 120,
125, 130, 135, 140, 145, 150, 155, 160, 165, 170, 175, 180, 185, 190, 195, 200, 205, 210, 215,
220, 225, 230, 235, 240, 245, 250, 255, 260, 265, 270, 275, 280, 285, 290, 295, 300, 305, 310,
315, 320, 325, 330, 335, 340, 345, 350, 355, 360, 365, 370, 375, 380, 385, 390, 395, 400, 405,
410, 4185, 420, 425, 430, 435, 440, 445, 450, 455, 460, 465, 470, 475, 480, 485, 490, 495, 500,
503, 510, 515, 520, 525, 330, 535, 540, 545, 550, 555, 560, 565, 570, 375, 580, 385, 590, 595,
600, 605, 610, 615, 620, 625, 630, 635, 640, 645, 630, 655, 660, 665, 670, 675, 680, 683, 690,
695, 700, 705, T10, 715, 720, 725, 730, 735, 740, T45, T30, 755, 760, 765, 770, 775, T80, 785,
790, 795, $00, 805, 810, 815, 820, 825, 830, 835, 840, 845, 850, 855, 860, 865, 870, 875, 880,
890, 895, 900, 905, 910, 915, 920, 925, 930, 935, 940, 945, 950, 955, 960, 963, 970, 975,
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980, 985, 990, 995, or 1,000 mg administered once, twice, three times, four times, or more daily
for one, two, threg, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen,
twenty, twenty-five, thirty consecutive days, or, once, twice, three times, four times, or more daily,
m single or divided doses, for 2 months, 3 months, 4 months, 5 months, 6 months, or longer.

19233} In one embodiment, the therapeutically effective amount of the compound of the
disclosure is about 10 to about 40 mg, about 20 to about 50 mg, about 30 to about 60 mg, about
40 to about 70 mg, about 50 to about 80 mg, about 60 to about 90 mg, about 70 to about 100 mg,
about 80 to about 110 mg, about 90 to about 120 myg, about 100 to about 130 mg, about 110 to
about 140 mg, about 120 to about 150 mg, about 130 to about 160 mg, about 140 to about 170 mg,
about 150 to about 180 myg, about 160 to about 190 mg, about 170 to about 200 mg, about 180 to
about 210 mg, about 190 to about 220 mg, about 200 to about 230 mg, about 210 to about 240 mg,
about 220 to about 250 mg, about 230 to about 260 mg, about 240 to about 270 mg, about 250 1o
about 280 mg, about 260 to about 290 mg, about 270 to about 300 mg, about 280 to about 310 mg,
about 290 to about 320 mg, about 300 to about 330 mg, about 310 to about 340 mg, about 320 to
about 350 mg, about 330 to about 360 mg, about 340 to about 370 mg, about 350 to about 380 mg,
about 360 to about 390 mg, about 370 to about 400 mg, about 380 to about 410 mg, about 390 10
about 420 myg, about 400 to about 430 mg, about 410 to about 440 myg, about 420 to about 430 mg,
about 430 to about 460 mg, about 440 to about 470 myg, about 430 to about 480 mg, about 460 1o
about 490 mg, about 470 to about 300 mg, about 480 to about 510 myg, about 490 to about 520 mg,
about 500 to about 530 mg, about 510 to about 540 mg, about 520 to about 550 mg, about 330 1o
about 560 mg, about 540 to about 570 mg, about 550 10 about 580 mg, about 560 to about 590 mg,
about 570 to about 600 mg, about 580 o about 610 mg, about 5350 to about 620 mg, about 600 1o
about 630 mg, about 610 to about 640 mg, about 620 1o about 650 mg, about 630 to about 660 myg,

about 640 to about 670 mg

t=2

about 650 to about 680 mg, about 660 to about 690 mg, about 670 to
about 700 mg, about 680 to about 710 mg, about 690 to about 720 mg, about 700 to about 730 mg,

o about 740 to

o

about 710 to about 740 mg, about 720 to about 750 mg, about 730 to about 760 m

about 770 mg, about 750 to about 780 mg, about 760 to about 790 mg, about 770 to about 800 mg,

about 780 to about 810 mg

t=%}

about 790 to about 820 mg, about 800 to about 830 myg, about 810 to
about 840 mg, about 820 to about 850 mg, about 830 to about 860 mg, about 840 to about 870 myg,

about 850 to about 880 mg

t=2}

about 860 to about 890 mg, about 870 to about 900 myg, about %80 to

about 910 mg, about 890 to about 920 mg, about 900 to about 930 mg, about 910 to about 940 mg,
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about 920 to about 950 mg, about 930 to about 960 mg, about 940 to about 970 mg, about 950 to
about 980 mg, about 960 to about 990 mg, or about 970 to about 1,000 mg administered once,
twice, three times, four times, or more daily in single or divided doses {which dose may be adjusted
for the patient’s weight in kg, body surface area in m*, and/or age in years).

19234} In one embodiment, the therapeutically effective amount of the compound of the
disclosure is about 70 mg to about 1000 my administered once, twice, three times, four times, or
more daily in single or divided doses (which dose may be adjusted for the patient’s weight in kg,
body surface area in m”, and/or age in years).

10235} In one embodiment, the therapeutically effective amount of the compound of the
disclosure is about 70 mg, 105 mg, 140 mp, 175 mg, 210 mg, 245 mg, 280 mg, 315 mg, 350 mg,
385 mg, 420 mg, 455 myg, 490 mg, 525 mg, 560 mg, 595 mg, 630 mg, 665 myg, or 700 mg
admirnustered once, twice, three times, four times, or more daily in single or divided doses (which
dose may be adjusted for the patient’s weight in kg, body surface area in m?%, and/or age in years).
9236} The therapeutically effective amount of the compound of the disclosure can also range
from about 0.01 mg/kg per day to about 100 mg/kg per day. Inanaspect, therapeutically effective
amount of the compound of the disclosure can range from about 0.05 mg/kg per day to about 10
mg/kg per day. In an aspect, therapeutically etfective amount of the compound of the disclosure
can range from about 0.075 mg/kg per day to about 5 mg/kg per day. In an aspect, therapeutically
effective amount of the compound of the disclosure can range from about 8.10 mg/kg per day to
about 1 mg/kg per day. In an aspect, therapeutically effective amount of the compound of the
disclosure can range from about 0.20 mg/kg per day to about 0.70 mg/kg per day.

{8237} In one embodiment, the therapeutically effective amount of the compound of the
disclosure 13 about 0.10 mg/kg per day, about 0.15 mg/kg per day, about 0.20 mg/kg per day, about
0.25 mg/kg per day, about 0.30 mg/kg per day, about 0.35 mg/kg per day, about 0.40 mg/kg per
day, about ¢.45 mg/ke per day, about .50 mg/kg per day, about 0.55 mg/ke per day, about 0.60
mg/kg per day, about 0.65 mg/kg per day, about 0.70 mg/kg per day, about 0.75 mg/ke per day,
about 0.80 mg/kg per day, about 0.85 mg/kg per day, about 0.90 mg/ke per day, about 0.95 mg/ke
per day, or about 1.00 mg/kg per day.

{8238} In one embodiment, the therapeutically effective amount of the compound of the
disclosure 1s about 1.05 mg/kg per day, about 1.10 mg/ke per day, about 1.15 mg/kg per day, about

1.20 mg/kg per day, about 1.25 my/kg per day, about 1.30 mg/kg per day, about 1.35 myg/kg per
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day, about 1.40 mg/kg per day, about 1.45 mg/ke per day, about 1.50 mg/kg per day, about 1.55
mg/kg per day, about 1.60 mg/ke per day, about 1.65 meo/kg per day, about 1.70 mg/kg per day,
about 1.75 mg/ke per day, about 1.80 mg/kg per day, about 1.85 mg/kg per day, about 1.90 mg/kg
per day, about 1.95 mg/kg per day, or about 2.00 mg/kg per day.

10239} In one embodiment, the therapeutically effective amount of the compound of the
disclosure 1s about 2 mg/kg per day, about 2.5 mg/kg per day, about 3 mg/ky per day, about 3.5
mg/kg per day, about 4 myp/kg per day, about 4.5 mg/ke per day, about 5 ma/kg per day, about 5.5
mg/kg per day, about 6 mo/ke per day, about 6.5 mg/kg per day, about 7 mg/ke per day, about 7.5
mg/ke per day, about 8.0 mg/kg per day, about 8.5 mg/ke per day, about 9.0 mg/kg per day, about
9.5 mg/kg per day, or about 10 mg/kg per day.

0248} In one embodiment, the therapeutically effective amount of the compound of the
disclosure ts administered to the subject once daly. In one embodiment, this daily dose of a
compound of the compound of the disclosure may adnmunistered to the subject all at once. In one
embodiment, this daily dose of the compound of the disclosure may administered to the subject in
two portions (1.e., a divided dose). In one embodiment, this daily dose of the compound of the
disclosure may administered to the subject in three divided doses. In one embodiment, this daily
dose of the compound of the disclosure may admunistered to the subject n four divided doses. In
one embodiment, this daily dose of the compound of the disclosure may be administered to the
subject n five or more divided doses. In one embodiment, these portions or divided doses are
administered to the subject at regular mtervals throughout the day, for example, every 12 hours,
every & hours, every 6 hours, every 5 hours, every 4 hours, etc.

{0241} The therapeutically effective amount of the compound of the disclosure can be
estimated nitially either in cell culture assays or n animal models, usually rats, mice, rabbits,
dogs, or pigs. The animal model may also be used to determine the appropriate concentration
range and route of adminsstration. Such information can then be used to determine useful doses
and routes for administration in humans. Therapeutic/prophylactic efficacy and toxicity may be
determined by standard pharmaceutical procedures 1 cell cultures or experimental animals, eg.,
ED50 (the dose therapeutically effective in 50% of the population) and L350 (the dose lethal to
S50% of the population). The dose raiio between toxic and therapeutic effects 1s the therapeutic

index, and it can be expressed as the ratic, LDSO/EDS0. Pharmaceutical compositions that exhibit
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large therapeutic indices are preferred. The dosage may vary within this range depending upon
the dosage form employed, sensitivity of the patient, and the route of administration.

0242} Dosage and administration are adjusted to provide sufficient levels of the compound of
the disclosure or to maintain the desired effect. Factors which may be taken into account include
the severity of the disease state, general health of the subyect, age, weight, and gender of the
subject, diet, tume and frequency of adnunistration, drug combination(s), reaction sensitivities, and
tolerance/response to therapy. Long-acting pharmaceutical compositions may be administered
every 3 to 4 days, every week, once every two weeks, or monthly depending on half-life and
clearance rate of the particular formulation.

{9243} In one embodiment, for the methods of treating prostate cancer with the combination
of the compound of the disclosure and another anti-cancer agent, the therapeutically effective
amount of the compound of the disclosure is described herein, and the therapeutically effective
armnount of the anti-cancer agent 13 0.01, 0.05,0.1,02,03,04,0.5,06,07,08,09, 1,15 2,25,
3,354,455, 55,665,775, 8 859 95 10, 11, 12,13, 14,15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25,26, 27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,
76,77, 78,79, 80, 81, 82, 83, 84, 85, 85, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100,
. 135, 140, 145, 150, 155, 160, 165, 170, 175, 180, 18S, 190, 195,

o
/

S

q

108, 110, 115, 120, 125, 13¢
200, 208, 210, 215, 220, 225, 2
295, 300, 305, 310, 315, 320, 325, 330, 335, 340, 345, 350, 355. 360, 365, 370, 375, 380, 385,

4 430, 435, 440, 445, 450, 455, 460, 465, 470, 475, 480,

Lo

240, 245, 250, 255, 2060, 265, 270, 275, 280, 285, 280,

390, 395, 400, 405, 410, 415,
485, 490, 495, 500, 503, 510, 513, S20, 525, 530, 535, 540, 545, 550, 555, 560, 565, 570, 575,
380, S8S, 390, 595, 600, 605, 610, 615, 620, 625, 630, 635, 640, 645, 630, 655, 660, 6635, 670,
675, 680, 685, 690, 695, 700, 705, 710, 715, 720, 725, 730, 735, 740, 745, 750, 755, 760, 765,
770, 775, 780, 785, 790, 795, 800, 805, 810, 815, 820, 823, 830, 835, 840, 845, 850, 855, 860,
865, 870, 875, 880, 883, 890, 895, 900, 905, 910, 915, 920, 925, 930, 935, 940, 945, 950, 935,
960, 965, 970, 975, 980, 985, 990, 995, or 1,000 mg admunistered once, twice, three times, four
times, or more datly for one, two, three, four, five, six, seven, eight nine, ten, eleven, twelve,
thirteen, fourteen, fifteen, or thirty consecutive days, or, once, twice, three times, four times, or
more daily, in single or divided doses, for 2 months, 3 months, 4 months, 5 months, 6 months, or

ionger.
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10244} In one embodiment, for the methods of treating prostate cancer with the combination
of the compound of the disclosure and abiraterong, or a pharmaceutically acceptable salt thereof,
the therapeutically effective amount of the compound of the disclosure is described herein, and the
therapeutically effective amount of abiraterone, or a pharmaceutically acceptable salt thereof, is
0.01,0.05 01,02 03,04, 0506 07 0809 1,15.2.253,35.4.45,5 55.6.65,7,7.5,
8 85 0 95 10 11, 12,13, 14, 15, 16, 17, 18, 19,20, 21,22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32,33, 34, 35, 36, 37,38, 39, 40, 41, 42, 43, 44_ 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55_ 56, 57,
38, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, §9, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 105, 110, 115, 120, 125, 130,
135, 140, 145, 150, 155, 160, 165, 170, 175, 180, 185, 190, 195, 200, 205, 210, 215, 220, 225,
230, 2385, 240, 245, 250, 255, 260, 265, 270, 275, 280, 285, 290, 295, 300, 305, 310, 315, 320,
328, 330, 335, 340, 345, 350, 335, 360, 365, 370, 375, 380, 385, 390, 395, 400, 405, 410, 415
420, 425, 430, 435, 440, 445, 450, 455, 460, 4635, 470, 475, 480, 485, 490, 495, 500, 505, 510,
S, 520, 525, 530, 535, 540, 543, S50, 3335, 560, 365, 570, 875, 380, S8S, 390, 595, 600, 605
610, 615, 620, 625, 630, 635, 640, 645, 650, 655, 660, 665, 670, 675, 680, 685, 690, 695, 700,
S, 730, 7S, 726, 725, 730, 735, 740, 745, 756, 735, 760, 763, 770, 77S, 780, 78S, 790, 795,
800, B80S, 8§10, 81S, 820, 825, 830, 835, 840, 845, 850, 855, 860, 865, 870, 8BTS, 880, 885, 8§90,
895, 900, 905, 910, 915, 920, 925, 930, 935, 940, 943, 950, 935, 960, 955, 970, 975, 980, 985,

4%
4%

990, 995, or 1,000 mg administered once, twice, three times, four times, or more daily for one,
two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, thirty
consecutive days, of, once, twice, three times, four times, or more daily, in single or divided doses,
for 2 months, 3 months, 4 months, 3 months, 6 months, or longer. In one embodiment, the
abiraterone is abiraterone acetate.

j0245] In one embodiment, for the methods of ireating prostate cancer with the combination
of the compound of the disclosure and abiraterone acetate, the therapeutically effective amount of
the compound of the disclosure is described herein, and the therapeuticaily effective amount of
abiraterone acetate 1s 1,000 mg administered orally once daily for one, two, three, four, five, six,
seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, twenty, twenty-five, thirty, or
more consecutive days, in single or divided doses. In one embodiment, the abiraterone acetate is
administered in combination with 5 mg of prednisone administered orally, twice daily. In one

embodiment, the combination of the compound of the disclosure and abiraterone acetate is
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administered to the subject in need thereof in the fasted state. In one embodiment, the subject does
not eat for at least two hours before, and at least one howr after, the admunistration of the
combination of the compound of the disclosure and abiraterone acetate.

{8246} In one embodiment, the compound of the disclosure and abiraterone acetate are
administered to the subject simultaneously. In one embodiment, the compound of the disclosure
and abiraterone acetate are administered to the subject sequentially.

18247} In one embodiment, the compound of the disclosure and the anti-cancer agent are
administered to the subject i temporal proximity.

10248} In some embodiments, “temporal proximuty” means that administration of the
compound of the disclosure occurs within a time period before or after the administration of anti-
cancer agent, such that the therapeutic effect of the compound of the disclosure overlaps with the
therapeutic effect of the anti-cancer agent. In some embodiments, the therapeutic effect of the
compound of the disclosure completely overlaps with the therapeutic effect of the anti-cancer
agent. In some embodiments, “temporal proxinuty” means that administration of the cormpound
of the disclosure occurs within a fime period before or after the administration of anti-cancer agent,
such that there 1s a synergistic effect between the compound of the disclosure and the anti-cancer
agent. In one embodiment, the anti~cancer agent 15 abiraterone acetate,

[8249] “Temporal proximity” may vary according to various factors, including but not limited
to, the age, gender, weight, genetic background, medical condition, disease history, and treatment
history of the subject to which the therapeutic agents are to be admistered; the disease or
condition to be treated or ameliorated; the therapeutic outcome to be achieved; the dosage, dosing
frequency, and dosing duration of the therapeutic agents; the pharmacokinetics and
pharmacodynanucs of the therapeutic agents; and the route(s) through which the therapeutic agents
are administered. In some embodiments, “temporal proximity” means within 15 nunutes, within
30 minutes, within an hour, within two hours, within four hours, within six hours, within eight
hours, within 12 hours, within 18 hours, within 24 hours, within 36 hours, within 2 days, within 3
days, within 4 days, within 5 days, within 6 days, within a week, within 2 weeks, within 3 weeks,
within 4 weeks, with 6 weeks, or within 8 weeks. In some embodiments, multiple administration
of one therapeutic agent can occur in temporal proxinuty to a single admimstration of another
therapeutic ageni. In some embodiments, temporal proximity may change during a treatment cycle

or within a dosing regimen.
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PHARMACEUTICAL COMPOSITIONS

{82561 In one embodiment, the compound of the disclosure 15 formulated for oral
administration. For example, in one embodiment, he compound of the disclosure is formulated as
a tablet that comprises zero, one, two, or more of each of the following: emulsifier; surfactant,
binder; disintegrant, glidant; and lubricant.

{9251} In one embodiment, the emulsifier 15 hyvpromellose.

18252} In one embodiment, the surfactant 1s vitamin E polyethylene glycol succinate.

[0253] In one embodiment, the binder {(also referred to herein as a filler) is selected from the
group consisting of microcrystalline cellulose, lactose monochydrate, sucrose, glucose, and
sorbitol.

0254} In one embodiment, the disintegrant is croscarmellose sodium.

[B255] In one embodiment, the ghdant refers to a substance used to promote powder flow by
reducing mterparticle cohesion. In one embodiment, 1 the dosage forms of the disclosure, the
glidant is selected from the group consisting of sihicon dioxide, silica collowdal anhydrous, starch,
and talc.

[8256] In one embodiment, the lubricant refers to a substance that prevents ingredients from
sticking and/or clurnping together i the rachines used in preparation of the dosage forms of the
disclosure. In one embodiment, in the dosage forms of the disclosure, the lubricant is selected
from the group consisting of magnesium stearate, sodium stearyl fumarate, stearic acid, and
vegetable stearin,

[8257] The pharmaceutical compositions contamning the compound of the disclosure may be
manufactured i a manner that s generally known, eg, by means of conventional nuxing,
dissoiving, granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping, or
iyophilizing processes. Pharmaceutical compositions may be formulated in a conventional manner
using one or more pharmaceutically acceptable carriers comprising excipients and/or auxiliaries
that facilitate processing of the compound of the disclosure into preparations that can be used
pharmaceutically. OFf course, the appropriate formulation is dependent upon the route of
administration chosen.

[8258] Pharmaceutical composiiions suitable for injectable use include sterile aqueous
solutions {where water soluble) or dispersions and sterile powders for the extemporangous

preparation of sterile injectable sclutions or dispersion. For intravenous adnunistration, suitable
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carriers include physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany,
N.I} or phosphate buffered saline (PBR). In all cases, the composition must be sterile and should
be fluid to the extent that easy syringeability exists. It must be stable under the conditions of
manufacture and storage and must be preserved agamnst the contaminating action of
microorganisms such as bacteria and fungl. The carrier can be 4 solvent or dispersion medium
containing, for example, water, ethanol, polyol {for example, slycerol, propylene glycol, and tiquid
polyethylene glycol, and the like), and suitable mixtures thereof. The proper fluidity can be
maintained, for example, by the use of a coating such as lecithin, by the maintenance of the
required particle size in the case of dispersion and by the use of surfactants. Prevention of the
action of microorganisms can be achieved by various antibacterial and antifungal agents, for
example, parabens, chlorobutancl, phenel, ascorbic acid, thimerosal, and the like. In many cases,
it will be preferable to include isotonic agents, for example, sugars, polyalcohols such as mannitol,
sorbitol, sodium chloride in the compuosition. Prolonged absorption of the injectable compositions
can be brought about by including in the composition an agent which delays absorption, for
example, aluminum monostearate and gelatin,

8259} Sterile injectable solutions can be prepared by incorporating the compound of the
disclosure in the required amcunt in an appropriate solvent with one or a combination of
mngredients enumerated above, as required, followed by filtered sterilization. Generally,
dispersions are prepared by incorporating the active agent or compound into a sterile vehicle that
contains a basic dispersion medium and the required other ingredients from those enumerated
above. Inthe case of sterile powders for the preparation of sterile 1njectable solutions, methods of
preparation are vacuum drying and freeze-drying that yields a powder of the active ingredient plus
any additional desired ingredient from a previously sterile-filtered solution thereof.

[8268] Oral compositions generally clude an mnert diluent or an edible pharmaceutically
acceptable carrier. They can be enclosed in gelatin capsules or compressed nto tablets. For the
purpose of oral therapeutic administration, the compound of the disclosure can be ncorporated
with excipients and used in the form of tablets, troches, or capsules. Oral compositions can also
be prepared using a fluid carmer for use as a mouthwash, wherein the agent or compound n the
fluid carrier 13 applied orally and swished and expectorated or swallowed. Pharmaceutically
compatible binding agents, and/or adjuvant materials can be included as part of the composition.

The tablets, pilis, capsules, troches and the fike can contain any of the following ingredients, or
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compounds of a similar nature: a binder such as microcrystaliine cellulose, gum tragacanth or
gelatin; an excipient such as starch or laciose, a disintegrating agent such as alginic acid, Primogel,
or corn starch; a lubricant such as magnesium stearate; a ghidant such as colloidal silicon dioxide;
a sweetening agent such as sucrose o1 saccharin; or a flavoring agent such as peppermint, methyl
salicylate, or orange flavoring.

{9261} For admimistration by inhalation, the agents or compounds are delivered in the form of
an aerosol spray from pressured container or dispenser, which contains a suitable propellant, e.g.,
a gas such as carbon dioxide, or a nebulizer.

10262} Systemic adminisiration can also be by transmucosal or transdermal means. For
transmucosal or transdermal admunistration, penetrants appropriate to the barrier to be permeated
are used in the formulation. Such penetrants are generally known in the art, and include, for
example, for transmucosal administration, detergents, bile salts, and fusidic acid derivatives.
Transmucosal administration can be accomplished through the use of nasal sprays or suppositories.
For transdermal adrminstration, the active agents or compounds are formulated into ointments,
salves, gels, or creams as generally known n the art,

[8263] In one aspect, the compound of the disclosure 15 prepared with pharmaceutically
acceptable carriers that will protect the agent or compound aganst rapid elimunation from the body,
such as a conirolled release formulation, including implants and nucroencapsulated delivery
systems. Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polygiveolic acid, coliagen, polyorthoesters, and polyiactic acid. Methods for
preparation of such formulations will be apparent to those skilled in the art. The materials can also
be obtained commercially from Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal
suspensions (including liposomes targeted to nfected cells with monoclonal antibodies to viral
antigens} can also be used as pharmaceutically acceptable carriers. These can be prepared
according to methods known to those skilled in the art, for example, as described in UK. Pat. No.
4,522 811

{0264} It 15 especially advantageous to formulate oral or parenteral compositions in dosage
unit form for ease of administration and uniformity of dosage. Dosage unit form as used herein
refers to physically discrete units suited as unitary dosages for the subject to be treated; each unit
containing a predetermined quantity of active agent or compound calculated to produce the desired

therapeutic effect tn association with the required pharmaceutical carrier. The specification for
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the dosage unit forms of the application are dictated by and directly dependent on the unique
characteristics of the compound of the disclosure and the particular therapeutic effect to be
achieved.

[0265] The pharmaceutical compositions can be included in a container, pack, or dispenser
together with instructions for administration.

{0266} Hiustrative modes of admmistration for the compound of the disclosure includes
systemic or local administration such as oral, nasal, parenteral, transdermal, subcutaneous, vaginal,
buccal, rectal or topical administration modes. In one embodiment, the compound of the disclosure
1s administered orally. In one embodiment, the compound of the disclosure is administered as a
tablet, capsule, caplet, solution, suspension, syrup, granule, bead, powder, or pellet.

0267} Hustrative pharmaceutical composiiions are tablets and gelatin capsules comprising a
salt of the compound of the disclosure and a pharmaceutically acceptable carrier, such as a) a
diluent, e.g., purified water, triglyceride oils, such as hyvdrogenated or partially hyvdrogenated
vegetable o1l, or mixtures thereof, comn oil, ohve oil, sunflower o, safflower o1}, fish oils, such as
EPA or DHA, or their esters or triglycerides or nuxtures thereof, omega-3 fatty acids or derivatives
thereof, lactose, dextrose, sucrose, manmitol, sorbitol, cellulose, sodium, sacchann, glucose and/or
glyeme; by a lubricant, e g, silica, talcum, stearic acid, s magnesium or calcium salt, sodium
oleate, sodium stearate, magnesium stearate, sodium benzoate, sodium acetate, sodium chloride
and/or polyethylene glycol; for tablets also; ¢} a binder, e.g., magnesium aluminum sificate, starch
paste, gelatin, tragacanth, methylcelhddose, sodium  carboxymethyleeliulose, magnesium
carbonate, natural sugars such as glucose or beta-lactose, corn sweeteners, natural and synthetic
gums such as acacia, tragacanth or sodium alginate, waxes and/or polyvinyipyrrolidone, if desired;
d} a disintegrant, e.g., starches, agar, methyl cellulose, bentonite, xanthan gum, algic acid or its
sodium salt, or effervescent mixtures; e} absorbent, colorant, flavorant and sweetener; )} an
emudsifier or dispersing agent, such as Tween 80, Labrasol, HPMC, DOSS, caproyl 909, labrafac,
iabrafil, peceol, transcutol, capmul MCM, capmul PG-12, captex 355, gelucire, vitamin E TGPS
or other acceptable emusifier; and/or g) an agent that enhances absorption of the salt such as
cyclodextrin, hydroxypropyl-cyclodextrin, PEG400, and/or PEG200.

{8268} For preparing pharmaceutical compositions from the compound of the disclosure, or a
salt or hydrate thereof, inert, pharmaceutically acceptable carriers can be either solid or liquid.

Solid form preparations mclude powders, tablets, dispersible granules, capsules, cachets and
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suppositories. The powders and tablets may be comprised of from about 5 to about 95 percent
active ingredient. Suitable solid carriers are known in the art, e.g, magnesium carbonate,
magnesium stearate, talc, sugar or lactose. Tablets, powders, cachets and capsules can be used as
sohid dosage forms suitable for oral administration. Examples of pharmaceutically accepiable
carriers and methods of manufacture for various compositions may be found i A, Gennaro {ed.),
Remington's Pharmaceutical Sciences, 18th Edition, {1990}, Mack Publishing Co., Easton, Pa.
18269} Liguid form preparations include solutions, suspensions and emulsions. For example,
water or water-propylene glycol solutions for parenteral injection or addition of sweeteners and
opactfiers for oral solutions, suspensions and emulsions. Liguid form preparations may also
mclude solutions for intranasal administration.

[0278] Liguid, pariicularly injectable, compositions can, for example, be prepared by
dissolution, dispersion, ete. For example, the disclosed salt 15 dissolved in or nuxed with a
pharmaceutically acceptable solvent such as, for example, water, saline, aqueous dextrose,
glvcerol, ethanol, and the like, to thereby form an igjectable isotonic solution or suspension.
Proteins such as albumin, chylomicron particles, or serum proteins can be used to solubilize the
disclosed compounds.

{0271} Parental mjectable administration 1s generally used for subcutaneous, intramuscular or
mtravenous imjections and mfusions. Injectables can be prepared in conventional forms, either as
Heed solutions or suspensions or solid forms suttable for dissolving in hiquad prior to mjection.
8272} Aerosol preparations suitable for inhalation may mchide solutions and solids i powder
form, which may be i combination with a pharmaceutically acceptable carrier, such as an inert
compressed gas, e.g., nitrogen.

[8273] Also meluded are solid form preparations that are intended to be converted, shortly
before use, to liquid form preparations for either oral or parenteral administration. Such liquid
forms include solutions, suspensions and emulsions.

10274} Depending on the intended mode of administration, the disclosed compositions can be
i sohid, semi-solid or liguid dosage form, such as, for example, injectables, tablets, suppositories,
pills, time-release capsules, elixirs, tinctures, emulsions, syrups, powders, liquids, suspensions, or
the like, sometimes in unit dosages and consistent with conventional pharmaceuiical practices.

Likewise, they can also be administered in intravenous {both bolus and infusion), intraperitoneal,
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intrathecal, subcutaneous or intramuscular form, and all using forms well known to those skilled
in the pharmaceutical arts.

0275} Pharmaceutical compositions can be prepared according to conventional muxing,
granulating or coating methods, respectively, and the present pharmaceutical compositions can
contain from about 0.1% to about 99%, from about 5% to about 90%, or from about 1% to about
20% of the disclosed free base or salt by weight or volume.

18276} The pharmaceutical compositions containing the compound of the disclosure may
further comprising one or more additional anti-cancer agents, including any of those disclosed
herem.

{9277} Al amounts of any component of an oral dosage form described herein, e g, a tablet,
that are indicated based on % w/w refer to the total weight of the oral dosage form, unless otherwise

mdicated.

EXAMPLES
18278} The disclosure 15 further 1llustrated by the following examples, which are not to be
counstrued as limiting this disclosure in scope or spirit to the specific procedures herein described.
It 15 to be understood that the examples are provided to llustrate certain ernbodiments and that no
fumitation to the scope of the disclosure 1s intended thereby. It 15 to be further understood that resort
may be had to various other embodiments, modifications, and equnvalents thereof which may
suggest themselves to those skilled in the art without departing from the spirit of the present
disclosure and/or scope of the appended claims.
(8279} Abbreviations:

ACN: acetonitrile

ADDP: 1,1 «{azodicarbonyl}dipiperidine

BAST: N.N-bis(Z-methoxyethyDaminosulfur trifluoride

Binap: 2,27 -bis{diphenviphosphing)-1,1" -binaphthy!

Boc: rert-butoxycarbonyl

BPO: benzoyl peroxide

Cbz: Carbonylbezyloxy

DAST: diethvlaminosulfur trfluoride

DBE: 1 2-dibromoethane
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DCE: 1,2-dichloroethane

BCM: dichloromethane

DEAD: diethyl azodicarboxylate

PAD: diisopropyl azodicarboxylate

DIBAL: disicbutylaluminium hydride

DIEA or DIPEA: dusopropylethylamine

DMA: N N-dimethylacetamide

DMEF: N, N-dimethylformamide

DMP: Dess-Martin periodinane

DMSQ: Dimethylsulfoxide

EA: ethyl acetate

EDCLE 1-ethyl-3-(3-dimethylanunopropyearbodiimide

HATU: i-[bis{dimethylamino)}methyiene]-1H-1,2,3-triazolo{4,5-bipyridinium 3-oxide
hexafluorophosphate

HBTU: NN, NN -tetramethy 1-0-(1 H-benzotniazol-1-yluronium hexafluorophosphate
HMDS: bis{trimethylsidylamune

HOBt: hydroxybenzotriazole

HPLC: High Performance Liquid Chromatography

HMPA: hexamethylphosphoramide

LA hithium diisopropylamide

LCMS: Ligand Chromatography —~ Mass Specirometry

MCPBA: meta-chloroperoxybenzoic acid

MsCL methanesolfony! chiornide

M.W: microwave

NBS: N-bromosuccinimide

NMM: N-methylmorpholine

NMP: N-methylpyrrolidone

PCC: pyridinium chisrochromate

Pd-118 or Pd(dtpDHClz: 1,1 -bis(di-tert-butylphosphino)ferrocene dichioropalladium
Pd{dpphiCl: 1,17-bis{diphenylphosphinoiferrocene dichloropatiadiom
Pd(dba)2: bis(dibenzylideneacetonepaliadium
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Pda{dba)s: Tris{dibenzylidencacetone}dipalladium

PPTR: pyridium p-tolunesulfonate

PTSA: p-toluenesulfonic acid

RuPhos-Pd-(G3: XPhos-Pd-G3: [{2-dicyclohexylphosphino-2’ 6’ -diisopropoxy-i,1' -
biphenyl}-2-(2' -amino-1,1" -biphenyl)] palladium(Il} methanesulfonate
RuPhos-Pd-G2: Chloro[(2-dicyclohexylphosphine-2’ 6" ~diisopropoxy-1,17 -
biphenyl}-2-(2" -amino-1,1" -bipheny!)] palladium(Il)

SEM-CL Z-(trimethylisilyhethoxvmethyl chloride

S¥C: supercritical fluad chromatography

STAB: sodium triacetoxyborohydride

t-BuXPhos-Pd-G3: [{2-di-fert-butylphosphine-2' 4" 6" -ritsopropyl-1,1’ -biphenyi)-
2-{2" -amino-1,1" -bipheny!}] palladium(il} methanesulfonate

TEA: triethylarmine

THF: tetrahydrofuran

TFA: trifluoroacetic acid

TLC: thin layer chromatography

TME: 2,2,6,6-tetramethylipiperidine

TEMPQ: 2.2,6,6-tetramethylpipetidine-N-oxide

TosCl or TsCl p-toluenesulfonyl chlonde

TsOH: p-toluenesulfonic acid

KantPhos: 4,5-bis(diphenyliphosphing)-9,9-dimethyixanthene

XPhos: 2-dicyclohexylphosphine-2°4’ 6" ~triisopropylbiphenyl

XPhos-Pd-G3: [(2-dicyclohexylphosphino-2' 4" 6" -triisopropyl-1,17 -biphenyl}-2-
(2" -amino-1,1" -biphenyl)] palladium(I1) methanesuifonate

12354-83-7: bis{pentamethyleyclopentadienylrhodim dichlornide)

{0288}  EXAMPLE 1 — COMPOUNDS OF THE DISCLOSURE

Comp
ound Compound Structure
No.




WO 2021/127443 PCT/US2020/066021

130




WO 2021/127443 PCT/US2020/066021

131




WO 2021/127443 PCT/US2020/066021

it

13

132




WO 2021/127443 PCT/US2020/066021

N /“”/»«/
POBEN
i4 ; é//"’ \]» - H
/o
15
16
17
18

133



WO 2021/127443 PCT/US2020/066021
] \ (‘filll" /j(i;: (o]
N7 i
G /f\N/ (\N S g
\V/ N\)
Ot /,i o
- A N
o | A T M
N
\v/ s (\
/”\)
\ /Oit.-,"h‘/ //
E P
21 7
22
SASY LT
- ; A
23 ff’% ] w/\ﬁ/\i _ | ELW
o M r”\r‘d T °

134




WO 2021/127443 PCT/US2020/066021

el S
;/\z//\\“‘ //\(/O
24 /i’“\?r/m\v/s )\\ s
N ]
X i | I\
| T /\v&“‘w \M/J A g
o # o
25
26
27
28




WO 2021/127443 PCT/US2020/066021

ﬁg”%{/ l o

P

A 0haa eSSV
29 Ci :\:\N F /\\

(6] Q

/\»u/J

30
/jv N \ /
Oy,
[ CL.JLT /NL,

31

\//*\ \)\/ ’“\ /J\\

Ny o /\K’O

A ; NH
32 N(//} Z ! 1

ci //,\’\ Ny S o]
33 TN

i g Sy

136



WO 2021/127443 PCT/US2020/066021

34

35

36

137




WO 2021/127443

PCT/US2020/066021

37 !/\n:,
e NT/N\/’/J § I RN N
I i /;/Ir
“\‘\\\\’3 W(L\f\ -~ \\"’""{’ /L /k /@/
/J\ © ¢ "”I"’c/ = o’/
[oig N (s} p
38 !/\\ /\Lﬁ
W //2,):
o IW N/l/ !
< 11/, \\
- (o
39 r W /w
A PR v/ N
. / N
A “\\\;‘} )\\/jr E /l/ \ ///
LXr N
O/ N/ ¢] ¢ ? "ﬁ/ "%,O* / o/
H
40 '”\N
SN \_/’/j N \ / .
joq Rt jod
A o - ""f(,;. / -
o S ‘/[‘ o o
11 /\
/
\\\“'\j
& "'// - /Lu

138




WO 2021/127443 PCT/US2020/066021

42 /\O
- \//

\/”éﬁ

\
\\\\N I V - L /k /ﬂ/
L o "”""//G P / 3 -‘J"/
[¢] o -

&U
(J/

44




WO 2021/127443 PCT/US2020/066021

45 o h 0
T
s?/@F |
e |
\{\/\/l\m %/\L/ g /LJ/I
46 /\ -
\v/ \7“
X YL L g

47

H
o] N (0]
o \,:j
/J.\ =
M
H

140




WO 2021/127443

PCT/US2020/066021
48 @Iﬂ‘f .
g ] =
H
N
e
/;}N
A
\\
49 o\\i?n/\fo i
e \\/ F\/\\ 0/\]
k/m\ofj\/\‘ S N
I i e = ﬁ/
o nQ\'/ 7 ‘
o ”"f/,‘,o \\
SO

. QN/ E\ /,—C‘
o
NN

\\o’ e ’ \w“"‘K/

N

pod

\i\ x
I #
N /\ﬂ/ kj\;/{iﬁ/[;(/

141



WO 2021/127443 PCT/US2020/066021

N
b3

142




WO 2021/127443 PCT/US2020/066021

L
(98}
T

Zaiee

L

L
o
Zx

143



WO 2021/127443 PCT/US2020/066021

58

144




WO 2021/127443 PCT/US2020/066021

39
/;}N
60 cﬁ\ig \lw “
- - [ N ’\ /j\
s PN
N

61 N
» /' o ! Ty -~
L P
)\ U\ ' f\ "
Nr‘

145




WO 2021/127443 PCT/US2020/066021

63

(1]

64
NH
A
65

146




WO 2021/127443

PCT/US2020/066021

66

Il

. \ o]
% @H\H
M \.‘\i/ \\

&7




WO 2021/127443

PCT/US2020/066021

68

ttiiile]

69

70

148




WO 2021/127443 PCT/US2020/066021

73




WO 2021/127443 PCT/US2020/066021

~3
L

76

{0281} EXAMPLE 2 - SYNTHESIS OF INTERMEIDIATE 4-{(1R3R}-3-AMINO-2,2.4 4-
TETRAMETHYLCYCLOBUTOXY }-2-METHOXYBENZONITRILE
9283} Step 1 Preparation of tert-butyl ((1R,3R)-3-(4-cyvano-3-methoxyphenoxy)-2,2,4,4-

tetramethylcyclobutyljcarbamate

N Of
.Boc
\ XN ©
NZ H

9283} To a solution of tert-butyl N-(3-hydroxy-2,2,4,4-tettamethyl-cyclobutyljcarbarnate
{10.00 g, 41.09 mmol, 1.00 eq) in dimethylformamide (100 ml) was added sodium hydride (3.29
g, 82.19 mmol, 60% purity, 2.00 eq) at 0 °C for 0.5 h. Then to the mixture was added dropwise a
solution of 4-fluoro-2-rmoethoxy-benzonitrile (6.83 g, 45.20 muol, 1.10 eq) in dimethylformamide
{10 mL} at 6°C. The mxture was warmed to 20 °C and stirred at 20 °C for 3.5 b The reaction
mixture was quenched with saturated ammonium chlonide solvent (600 L) and extracted with
ethyl acetate {300 mL). The organic lavers were washed with brine (300 wml x 2), dried over

sodium subfate and concentrated under reduced pressure to give a residue. The residue was purified
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by column chromatography on silica gel (petroleum ether: ethy! acetate = 20:1 to &:1) to give tert-
butyl N-[3-{4-cyano-3-methoxy-phenoxy}-2,2,4, 4-tetramethyl-cyclobutyljcarbamate (10,00 g,
26.70 mmol, 64% yield) as a white solid. '"H-NMR {(400MHz, DMSO-ds) § 7.62 {d, /8.4 Hz, 1H)
6.76 - 6. 59 (m, 2H) 6.50 (d, J=8.4 Hz, TH) 4.12 (s, 1H) 3.89 (s, 3H) 3.64 - 3.44 (m, 1H) 1.41 (s,
OH) 1.13 (s, 6H) 1.06 (s, 6H).

[0284] Step 2: Preparation of 4-((1R3R)-3-amino-2,2.4,4-tetramethylcyclobutoxy)-2-

methoxybenzonitrile

i O,
= NH-
== 2
N7
O
[0285] To a solution of tert-butyl N-[3-(4d-cvano-3-methoxy-phenoxy}-2,2,4,4-tetramethyl-

cyclobutyljcarbamate (10.00 g, 26.70 munol, 1.00 eq) in dichloromethane (80 mL) was added
hydrochloric acid / dioxane (4 M, 48.00 mL, 7.19 eq). The muxture was stured at 25 °C for 1 h.
The reaction mixture was concentrated under reduced pressure to give 4-(3-amino-2.2.4.4-
tetramethyi-cyclobutoxy}-2-methoxy-benzonitrile (8.20 g, 26.38 mmol, 98% yield, hydrochloride
salt) as a white solid. 'H-NMR (400MHz, DMSO-ds) & 8.49 (s, 3H) 7.64 (d, J=8.8 Hz, 1H) 6.63
{d,J=2.0Hz, 1H)6.53(d, /=88, 20Hz 1H)4.31 (5, 1H)3.90 (5, 3H)3.06(d, /=532 Hz, 1H) 1.33
(s, 6H) 1.11 (s, 6H).

10286} EXAMPLE 3 - SYNTHESIS OF 4-(4-{{(1-{4-(((1R,3R)-3-(4-CY ANO-3-METHOXYPHENOX Y }-
22,4 4~TETRAMETHYLCYC E,GBU'['YL}CARBAMOYL)PHEI\:“Y]_,)PEPERIDIN~4-Y LIMETHY L)P[PE RAZIN-1-
YL} N--2,6-DIOXOPIPERIDIN-3~-YL }-2-FLUORCBENZ AMIDE (COMFPOUND 1)
{0287} Step LI Preparation  of  benzyl  4-({I-(tert-butoxyearbonylipipendin-4-
vlymethyhpiperazine-1-carboxylate
BOC\N r/\N,Cbz

AN
[6288] To a solution of tert-butyl 4-formylpipenidine-i-carboxylate (10.00 g, 46.8% mmol,
1.00 eq) i methano] {20 mL) was added benzyl piperazine-1-carboxylate (10.33 g, 46.89 mmol,
9.06 mbL, 1.00 eq) at 25 °C and stirred for 16 b Then the mixture was added sodium

cyancborohydride {(4.42 g, 70.33 mmol, 1.50 eq}. The mixture was stirred at 25 °C for 2 h. The
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reaction mixture was concentrated under reduced pressure. The residue was diluted with water
{20 mL) and extracted with ethyl acetate {100 mL x 3}. The combined organic layers were washed
with brine (100 mL x 3}, dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by silica gel chromatography
{petroleum ether / ethyl acetate = 3/1) to give benzyl 4-[(1-tert-butoxycarbonyl-4-
piperidyymethylipiperazine-1-carboxylate (15.00 g, 35.92 mmol, 76% vield) as a colorless oil
YH-NMR (400MHz, CDs0D) 8 7.22 - 7.43 (m, SH), 5.09 - 5.14 (m, 2H), 4.03 - 4.13 {m, 2H), 3.49
(s, 4H), 2.75 (s, 2H), 2.39 (s, 4H), 2.20 (d, ./=6.4 Hz, 2H}, 1.63 - 1.82 (m, 3H), 1.44 {5, OH), 0.97
=113 {m, 2H).

[6289] Step 2. Preparation of tert-butyl 4-(piperazin-1-vimethyl) piperidine-1-carboxylate

BOCw ™ r/\NH

A

{8290} To a mixture of benzyl 4-[{1-tert-butoxycarbonyl-d-piperidylimethyljpiperazine-i-
carboxyiate (8.00 g, 1916 mmol, 1.00 eg) in ethanol (50 mL)} was added palladium hydroxide on
activated carbon catalyst (2.69 g, 10% purity). The mixture was degassed and purged with
hydrogen for 3 tines. Then the muxture was stirred at 30 °C for 12 h under hydrogen (S0 psi}
atmosphere. The reaction nuxture was filtered and concentrated under reduced pressure to give
tert-butyl 4-(piperazin-1-yimethyl) piperidine-1-carboxylate (4.50 g, 15.88 mmol, 82% yield) as a
black oil. "H-NMR {400MHz, CD:0D) 8 4.00-4.10 (mo, 1H), 3.96 - 412 (m, 1H), 3.29 - 3.43 {m,
1H), 2.81 - 2.95 (m, 45}, 2.75 (s, 2H), 2.42 (d, /=2.8 Hz, 3H), 2.19 (d, /=6.8 Hz, 2F), 1.71 - 1.80
(m, 3H), 1.45 (s, 9F), 1.01 - 112 (m, 2H).

(6291} Step 3. Preparation of tert-butyl 4-{{4-(3-fluoro-4-methoxycarbonyl-phenypiperazin-

-yljmethylipiperidine-t-carboxylate

v

Boc., -~ ~
N N
SUS

{0292} To a solotion of methyl 4-bromo-2Z-fhuoro-benzoate (500,00 mg, 2.15 mmol, 1.00 eqg)
m dioxane (6 ml} was added palladium{ll) acetate (24.09 mg, 107.28 pmol, 0.05 eq),

bis{diphenylphosphino)-1, 1" -bmaphthalene (133.60 mg, 214.56 umol, 0.10 eq), cesium carbonate
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{(1.54 g, 472 mmol, 2.20 eq) and tert-buiyl 4-{piperazin-1-ylmethylipiperidine-1-carboxylate
{669.00 mg, 2.36 mmol, 1.10 eq} at 110 °C. The mixture was stirred at 110 °C for 16 h. The
mixture was filtered and the filtrate was concentrated under vacuum to give a residue. The residue
was purified by column chromatography on stlica gel {petroleum ether/ethy! acetate == 8/1 to 1:1)
to give tert-butyl 4-[14-(3-fluore-4-methoxycarbonyl-phenyljpiperazin-1-yljmethylipiperidine-1-
carboxylate {750.00 mg, 1.72 mumol, 80% yield) as a black brown solid. LC/MS (EST) m/z: 436.3
V] TH-NMR (400MHz, CDC) § 7.82 (1, J=8.8 Hz, 1H), 6.62 (dd, J=8.8, 2.0, 1H), 6.50 (dd,
J=14.8, 24, 1H), 4.03 - 409 (m, 1H), 3.88 (s, 3H), 3.23 - 3.36 (m, 4H), 2.71 (1, J=12.4 Hz, 2H),
2.47 - 257 (m, 4H), 2.22(d, J=7 2 Hz, 2H), 1.75 (d, J=13.2 Hz, 2H), 1.59 - 1.71 {m, 2H), 1.46 (s,
9H), 1.02 - 1.18 (m, 2H).

18293} Step 4 Preparation of methyl 2-fluoro-4-(4-(piperidin-d-ylmethyl) piperazin-1-yi}
benzoate

[0294] To a solution of tert-butyl 4-[I4-(3-fluoro-4-methoxycarbonyl-phenylpiperazin-i-
vljmethyljpiperidine-1-carboxylate {1.00 g, 2.30 mmol, 1.00 eq) m ethyl acetate (10 rol) was
added hydrochloride / ethyl acetate (4 M, 574.01 pd,, 1.00 eq). The mixture was stirred at 23 °C
for 1 h. The maxture was concentrated under reduced pressure fo give methyl 2-fluoro-4-{4-{4-
piperidylmethylpiperazin-1-viibenzoate (850.00 mg, 2.2% mmol, 9% yield, hydrochloride salt)
as a white solid. LC/MS (EST) sz: 3361 [M+1]7, 'H-NMR (400MHz, DMSO-ds) § 8.90 (5, 1H),
B.74 (s, 1TH), 7.76 {t, }=8.8 Hz, 1H), 6.91 (d, }=3.2 Hz, 1H), 3.96 - 4.11 (m, 2H), 3.78 (s, 3H), 3.32
-3.39 (m, 2, 3.27 (d, }=12.8 Hz, 3H), 3.07 (d, J=6.8 Hz, 4H), 2.80 - 2.93 (m, 2H), 2.17 (5, 1H),
201 (d, I=13.6 Hz, 2H), 1.91 (s, 1H), 144 (q, J=11.2 Hz, 2H).

{6295} Step 5. Preparation of methyl 4-(4-{(1-{4-{tert-butoxycarbonyl}phenyDpipendin-4-

yhmethyhpiperazin-1-y1i-2-fluorobenzoate

O

>Lo I Zy AN 07
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10296} To a solution of methyl 2-fluoro-4-[4-(4-piperidyimethyl}piperazin-1-yljbenzoate
{850.00 mg, 2.29 mmel, 1.00 eq, hydrochloric acid} m dioxane (20 mL} were added
diacetoxypalladium (51.32 me, 22857 umol, ¢10 eg), 2,2-bis{diphenylphosphino}-1,1*-
binaphthalene (213.49 mg, 342 86 pmol, 0.15 eq), cesium carbonate {1.80 g, 5.71 mmel, 2.50 eq}
and tert-butyl 4-bromobenzoate (705.25 mg, 2.74 mmol, 1.20 eq). The mixture was stirred at 110
°C for 12 h under sitrogen atmosphere. The mixture was filtered. The filtrate was concentrated
under reduced pressure to give the residue. The residue was purified by column chromatography
on gel silica {petroleum ether / ethyl acetate = 20/1 to 3/1} to give methyl 4-[4-[{1-(4-tert-
butoxvearbonylphenyl)-d-piperidylimethvljpiperazin-i-yl}-2-fluoro-benzoate (588.00 mg, 1.15
mmol, 50% vield) as a white solid. LO/MS (EST) mz: 512.2 [M+1]7.

0297} Step & Preparation of  4-{4-({(1-(4-(tert-butoxycarbonyl}phenyhipiperidin-4-

yimethybpiperazin-1-y1)-2-fluorcbenzoic acid

h@od

[6298] To a solution of  methyl 4-14-[[1-{4-tert-butoxycarbonylphenyl)-4-
piperidylimethylipiperazin-1-yi}-2-fluoro-benzoate (588.00 mg, 1.15 mmol, 1.00 eq) in methanol
{8.00 mL) and water {Z2.00 mL) was added LAOHH:O (144.68 myg, 3.45 mmol, 3.00 eq). The
nuxture was stirred at 40 °C for 10 h. The reaction mixture was concentrated under reduced
pressure. The residue was adjusted to pH 5-6 by hydrochloric acid (1 M) and extracted with ethyl
acetate (30 mk. x 2). The combined orgarnic lavers were washed with brine (20 mL x 1), dried over
sodiurn sulfate, filtered and concentrated under reduced pressure to give 4-[4-[[1-(d-tert-
butoxycarbonyiphenyl)-4-pipenidylimethylipiperazin-1-y1}-2-fluoro-benzoic acid (563.00 g,
1.13 mmol, 98% vield) as a white solid. LC/MS (EST) m/z: 498.2 [M+117

[8299] Step 7. Preparation of tert-butyl 4-{4-({(4-(4~((2,6-dioxopiperidin-3-yhcarbamoyl}-3-
fluoropheny}piperazin-1-ymethyDpiperidin-1-yi)benzoate
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S g 8
N

{0306} To a solution of 4-[4-[] 1 -{4-tert-butoxycarbonylphenyl}-4-piperidylimethylipiperazin-
1-y1}-2-fluoro-benzoic acid {563.00 mg, 1.13 mmol, 1.00 eq} in dimethylformamide (6 mL} were
added 1-hydroxybenzotriazole (229.32 mg, 1.70 mmel, 1.50 eq), 1-(3-dimethylaminopropyl}-3-
ethvlcarboduimide hydrochloride (325.35 mg, 1.70 mmol, 1.5 eq}, diisopropylethylamine (731.15
mg, 5.66 mmol, 98537 pl, 5.00 eq) and 3-anunopiperidine-2,6-dione (223.47 mg, 1.36 mmol,
1.20 eq, hydrochloride salt). The mixture was stirred at 25 °C for 10 h. The reaction mixture was
guenched by addition water {S0 mL) and a purple solid was separated out. The mixture was filtered
to give tert-butyl 4-[4-[[4-[4-[(2,6-dioxo-3-piperidyhcarbamoyl]-3-fluoro-phenylipiperazin-1-
yiimethyl}-1-piperidyiibenzoate {(600.00 mg, 987 31 pumol, §7% vield) as a purple solid. LC/MS
(ESI) m/z: 60R.0 [M+1]7; '"H-NMR (400MHz, DMSO-ds) & 10.83 (s, 1H), 8.03 (¢, J=7.2 Hz, 1H),
794 (s, 1H), 7.69 (d, J=8.8 Hz, 2H), 7.63 {t, J=9.2 Hz, 1H), 692 (d, J=92 Hz, 2H), 6.72 - 6.84 {m,
2H), 472 (td, J=12.8, 6.4 He, 1H), 3.87 (d, J=128 Hz, ZH), 3.28 (5, 4H), 2.88 (s, 3H), 2.81 {br ¢,
J=12.0Hz 2H),2.72 (5,3H), 2.53(d, J=4.0Hz, 2H)}, 2.11 {(dd, J=12 8, 40 Hz, 1H), 1.79{(d, }=112
Hz, 3H), 1.50 (s, 9H), 1. 13~ 1.24 {m, ZH).

{8361} Step & Preparation  of  4-{4-{{4-(4-{(2,6-dioxopiperidin-3-ylicarbamoyi}-3-

fluorophenylpiperazin-1-ylymethypiperidin-1-ylbenzoic acid

i i qo
HO™ & Ny N
b&hg °
()

16302} To a solution of tert-butyl 4-[4-[{4-[4-[{2,6-dioxo-3-piperidylicarbamoyii-3-fluoro-
pheoylipiperazin-1-ylhmethyl}-1-piperidyl]benzoate {600.00 mg, 987 31 pumol, 1.00 eg) 1o ethyl
acetate (8 ml.} was added hvdrochloric acid / ethyl acetate (4 M, 246.83 ul, 1.00eq). The mixture
was stirred at 25 °C for 1 b, The nuxture was concentrated under reduced pressure to give 4-[4-

[[4-14-[{2,6-dioxo-3-pipenidycarbamoyl]-3-fluoro-phenylipiperazin- 1 -yl methyi]- 1~



WO 2021/127443 PCT/US2020/066021

piperidyl]benzoic acid (510.00 mg, 924.57 umol, 93% vield) as a white sohid. LO/MS (ESDH m/z:
5522 [M+1]".

{0303} Step 91 Preparation of 4-(4-((1-(4-{{{1R,3R}-3-(4-cyano-3-methoxyphenoxy}-2,2,4,4-
tetramethyleyclobutyicarbamoylphenyhpiperidin-d-y Dimethy Dpiperazin- 1-y1}-N-{2,6-

dioxopiperidin-3-yi-2-fluorobenzamide

A i m L;aw%w

0304} To a solution of  4-[4-[{4-[4-[{2,0-dioxo-3-pipertdyljcarbamoyl}-3-fluoro-
phenylipiperazin-1-ylimethyl]-1-piperidylibenzoic acid (170¢.00 mg, 308.19 umol, 1.00 eq} in
dimethviformamide (2 mL} were added 1-hydroxybenzotriazole (54.14 mg, 400.65 umol, 1.30eq),
1-(3-dimethylanunopropyi}-3-ethylcarbodumide hydrochloride (76.80 mg, 400.65 pmol, 1.30 eg),
dusopropyvlethylamine (199.16 mg, 1.54 mmol, 26841 ul, 5.00 eq) and 4-(3-amino-2.2,4,4-
tetramethyl-cyclobutoxy}-2-methoxy-benzonitrile (11495 my, 36983 umol, 120 eg,
hydrochloric acid). The mixture was stirred at 25 °C for 24 h. The mixture was filtered to give the
filirate. The filtrate was purified by prep-HPLC to give 4-[4-[[1-[4-[[3-(4-cyano-3-methoxy-
phenoxy}-2,2 4 4-tetramethyl-cyclobutyljcarbamoyi]phenyi]-4-piperidylmethyi]piperazin-1-yi}-
N-{2,6-dioxo-3-piperidyl}-2-fluoro-benzamide (3510 mg, 64.42 pmol, 20% vield, 99% purity,
formic acid) as a white solid. LC/MS (ESI) m/z: 808.3 [M+1]" "H-NMR (400MHz, DMSO-ds) §
10.84 (s, 1H), 8.17 (s, 1H), 8.04 (1, J=7.2 Hz, 1H), 7.74 (d, J=8.8 Hz, 2H), 7.60 - 7.68 (m, 2H),
7.49 (d, 7=9.2 Hz, 1H), 6.96 (d, J=9.2 Hz, ZH), 6.74 - 6.86 (m, 2H), 6.64 (d, J=2.0 Hz, 1H), 6.55
(dd, J=8.4, 2.0 Hz, 1H), 4.69 - 4.78 (mn, 1H), 4.28 (s, 1H), 4.06 (d, 1=9.2 Hz, 1H), 3.91 (s, 3H),
3.86 (d, I=13.2 He, 2H), 331 (s, 4H}, 273 - 2.85 (m, 3H), 2.54 {d, J=4 0 Hz, 1H}, 2.49 (s, 4H),
221(d, J=68Hz, 2H}, 2.06- 216 (m, 1H), 1.98 - 2.05 (m, 1H), 1.76 - 1.85 (m, 3H), 1.23 (s, 6H),
122 - 117 (m, 2H), 1.15 (s, 6H).

[8305] EXAMPLE 4 -~ SYNTHESIS OF  N-[3«{3-CHLORO-4-CY ANOPHENOXYY-2,2 4 4-
TETRAMETHYLCYCLOBUTYL]- (4 [(2,6—[)1()XOPI‘PERIDIN-3—

156



WO 2021/127443 PCT/US2020/066021

YLICARBAMOYL IPHENYL [PIPERAZIN-1-YL IMETHYL [PIPERIDIN-1-YL|PYRIDAZINE-3-CARBOXAMIDE
{{"OMPOUND 3}

{0306} NCHEME 1. SUMMARY OF THE SYNTHESIS OF {'OMPOUND 3.
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{8307} Step 1. Synthesis of  tert-butyl N-[(11.31)-3-(3-chloro-4-cyanophenoxy}-2,2,4,4-
tetramethyicyclobutyljcarbamate (1)

{6308} Into a 25-mL round-bottom flask, was placed a solution of tert-butyl N-{{1r,3r}-3-
hydroxy-2,2.4 d-tetramethyicyclobutyljcarbamate (312.9 mg, 1.29 mmol, 1 equiv} n DMF (10
mL}, to which was added NaH (154.4 mg, 3.86 mmol, 3 equiv, 60%} at 0 °C. The resulting mixture
was stirred for 15 min and then was added 2-chloro-4-fluorobenzoniirile (200 mg, 1.29 mmol, 1
equivy at 0 °C. The reaction mixture was stirved for 2 hr at 0 °C. The reaction was then quenched
by the addition of water (45 mi). The resulting mixture was extracted with ethyl acetate (3 x 50
mL} and the organic layers were combined, washed with brine (50 mi x 3}, dried over sodium
sulfate and concentrated under vacuum fo afford 400 mg {crude) of tert-butyl N-{{1r,31)-3-(3-
chloro-4-cyanophenoxy}-2,2,4,4-tetramethyleyciobutyi]carbamate as yellow oil.

{8309} LC-MS (ES™): m/z 37917 [MHT], 2 = 1.1.46 min, {2.00 minute run).

(0316} Step 2. Synthesis of 2-chloro-4-{{11,3r}-3-amino-2,2,4 4-

tetramethylcyclobutoxylbenzonitrile (3}



WO 2021/127443 PCT/US2020/066021

18311} Into a 25-mL round-bottom flask, was placed a solution of tert-butyl N-{{1r,31)-3-(3-
chloro-4-cyanophenoxy)-2,2,4, 4-tetramethyleyclobutyilearbamate (400 mg, 1.06 mmol, 1 equiv)
in a solution of hydrogen chloride in 1,4-dioxane (4 M, 20 mL}. The resulting solution was stirred
for 2 hr at room temperature. The mixture was concentrated under vacuom to afford 250 mg
{crude) of 2-chlore-4-[(1r,3r}-3-amine-2.2 4, 4-tetramethyleyclobutoxylbenzonitrile as vellow oil.
{0312} Step 3. Synthesis of 6-chlore-N-{(11,3r}-3-(3-chloro-4-cvanophenoxy)-2,2,4,4-
tetramethyicy clobutyljpyridazine-3-carboxamide (1Y)

{8313} Into a 25-mL round-botiom flask, was placed 2-chloro-4-[{1r,30)-3-amine-2,2,4 4-
tetramethylcyclobutoxylbenzonurile {250 mg, 090 mmol, 1 equiv), 6-chloropyridazine-3-
carboxylic acid (142.17 mg, 0.90 mmol, 1 equiv), DIEA (347.70 mg, 2.69 mmol, 3 equiv}, TP
{856.00 mg, 2.69 mmol, 3 equiv) in DMF {10 mL)}. The resulting solution was stirred for 2 hr at
room temperature. The reaction was then quenched by the addition of water {20 ml). The resulting
muxture was extracted with ethvl acetate {3 x S0 mi). The combined organic laver was washed with
brine {3 x50 ml} and concentrated under vacuun The residue was apphed onto a silica gel coluron
eluting with ethyl acetate/petroleurn ether {0:100 to 6:1) to afford 250 g (66.49%) of 6-chloro-
N-[{1r,313-3-(3-chloro-4-cvanophenoxy}-2, 2,4 4-tetramethylevclobutyl]pyridazine-3-
carboxamide as a yellow solid.

[8314] LC-MS (ES™): m/z 419.10 [MH"]
[8315] Step 4 Synthesis  of  N«(2,  o6-dioxopipendin-3-yi}-4-[4-[{piperidin-4-

ir = 1.38 romn, {2.00 minute run}.

>

viimethytpiperazin-1-ylbenzamide (IV)
{8316} SCHEME 2. SUMMARY OF THE SYNTHESIS OF N—(2, 6-DIOXOPIPERIDIN-3-Y L)-4—[4~

[{(PIPERIDIN-4-YLIMETHYL JPIPERAZIN-1-YLIBENZAMIDE (IV).
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9317} Step 4a. Svuthesis of tert-butyl 4-[4-[(2,6-dioxopiperidin-3-
vlycarbamoylphenyl]piperazine-1-carboxylate (fVa)

[6318] Into a 100-mL round-bottom flask purged and maintamed with an inert atmosphere of
nitrogen, was placed 4-[4-[(tert-butoxy}carbonyipiperazin-1-yljbenzowe acid (1.30 g, 4.24 mmol,
1.00 equiv), 3-ammopiperidine-2,6-dione {54370 mg, 4.24 mmol, 1.00 equv), DIEA {1.64 g,
12.73 mmol, 3.00 equiv), T3P (4.05 g, 12.73 mmol, 3.00 equiv} in BMF (20 mbL). The resulting
sohution was stirred for 2 hy at room temperature. The reaction was then quenched by the addition
of water (100 mi}. The resulting mixture was extracted with ethyl acetate (3 x 150 b} and the
organic fayers were combined, washed with brine, dried over anhydrous sodium sulfate and
concentrated under reduced pressore. This resulted in 900 myg {crude) of tert-butyl 4-[4-[{2.6-
dioxopiperidin-3-yhcarbamoyliphenyllpiperazine-1-carboxylate as yvellow o1l

[6319] Step 4b. Synthesis of N-(2,6-dioxopipenidin-3-yl}-d-{piperazin-1-y}benzamide (IVh)
18328} Into a 50-mL round-bottom flask, was placed tert-butyl 4-[4-[{2,6-dioxopiperidin-3-
g, 2.16 mmol, 1 equiv) in DCM (20 mbL), to

t=2]

viycarbamoyllphenyl]piperazine-1-carboxylate (900 m

which was added TFA (5 ml). The resulting solution was stirred for 1.5 hr at room temperature.
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The mixture was concentrated under vacuum.  This resulted in 600 mg {crude) of N-(2,6-
dioxepiperidin-3-yi}-4-(piperazin-i-yhbenzamide as yellow oil.

8321} Step 4¢. Svnthesis of tert-butyt 4-{{(4-(4-{(2 6-dioxopiperidin-3-
yhcarbamoyliphenypiperazin-1-ylimethyDpiperidine-1 -carboxylate (IVc)

18322} Into a 100-mL round-bottom flask purged and maintained with an inert atmosphere of
nitrogen, was placed N-(2,6-dioxopiperidin-3-yv}-4-{piperazin-1-ylibenzamide (1.00 ¢, 3.16
mmol, 1.00 equiv), tert-buty! 4-formylpiperidine-1-carboxylate (0.70 g, 3.28 mmol, 1.00 equiv),
STAB (2.00 g, 0.01 mmol, 3 equiv} in DCM (25 mL). The resulting solution was stirred for 3 hr
at room temperature. The reaction was then quenched by the addition of water {100 ml). The
resulting mixiure was extracted with ethyl acetate (3 x 150 ml) and the organic layers were
combined, washed with brine, dried over anhydrous sodium sulfate and concentrated under
reduced pressure. This resulted in 900 mg (crude) of tert-butyl 4-({4-(4-{(2,6-dioxopiperidin-3-
viycarbamoylphenyDpiperazin- -y DmethyDpiperidine-1-carboxylate as yellow oil.

0323} Step  4d Svothesis  of  N-(2,6-dioxopiperidin-3-yi)-4-[4-[(piperidin-4-
vlymethylpiperazio-i-vlibenzamide (IV)

[8324] Into a 50-ml, round-bottom flask, was placed tert-butyl 4-[{4-[4-[(2,6-dioxopipenidin-
3-ylcarbamoylpheonyllpiperazin-1-yhmethylpiperidine- 1 -carboxylate (560 mg, 0.97 mmol, 1.00
equiv) in BCM (10 md), to which was added TFA (3 ml }. The resulting solution was sturred for
1.5 br at room temperature. The mixture was concentrated under vacuum.  This resubted i 350
mg {crude) of N-(2,6-dioxopiperidin-3-y}-4-{4-[{piperidin-4-yDmethylpiperazin-1-
yilbenzamide as vellow oil.

10325} LC-MS (ES+) m/z 414 30 [MH+], tR = 0.703 nun, (2.00 minute run).

8326} Step 5. Synthesis of N-[3-(3-chloro-4-cyanophenoxy}-2,2.4,4-tetramethylevelobutyl]-
6-{4-{(4-[4-](2,6-dioxopiperidin-3-vicarbamoylphenyl|piperazin-1-ymethylipiperidin-1-
ylipyridazine-3-carboxamide (3}

{0327} Into a 25-mb round-bottom flask, was placed 6-chloro-N-[{1r,3r}-3-(3-chloro-4-
cyanophenoxy)-2,2 4 4-tetramethylcyclobuiyljpyridezine-3-carboxamide {200 mg, 0.48 mmol, 1
SqULY), N-(2,6-dioxopipenidin-3-yi}-4-[4-[{piperidin-4-y}methylipiperazin-1-vilbenzamide
{197.20 mg, 0.48 mmol, 1 equiv), KaCGs (197.80 mg, 1.43 mmol, 3 equiv) in DMF (11 mL}. The
resulting mixture was stirred for 12 hr at room temperature. The solids were filtered out and the

filtrate was concentrated. The residue was purified by Prep-HPLC with the following conditions:
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Column, XBridge Prep C18 OBD Column, 5 um, 19%150 mm; Mobile Phase A Water {(with 10
mmol/L, NH:HCO:), Mobile Phase B: CH:ON; Gradient: 60% phase B up to 70% in 8 min;;
Detector, UV. After lyophilization, 27.8 mg (7.32%]) of N-[3-(3-chloro-4-cyanophenoxy}-2,2,4,4-
tetramethylcyclobutyl}-6-[4-[(4-[4-[(2,6-dioxopiperidin-3-yljcarbamoylipheny{]piperazin-1-
vhimethylpiperidin-1-yl]pyridazine-3-carboxamide as a white solid.
(0328]  'H NMR (300 MHz, DMSO) 310.81 (s, 1H), 8.46-8.43 (m, 1H), 8.25-8.22 {m, 1H),
7.91-7.89 (m, 1H), 7.83 -7.81 (m, 1H), 7.77-7.45 (m, 2H), 7.38-7.35 (m, 1H), 7.25 (s, 1H), 7.05-
6.97(m, 3H), 4.76-4.74 (m,1H), 4 52-4.46 {m, 3H), 4.02-4 00 (m, 1H), 3.20 {m, 4H}, 3.08-3.02 (m,
2H), 2.83-2.76 {m, 1H), 2.60 {m, 4H}, 2.23-2.13 {m, 2H), 2.10-2.00 (m, 1H), 1.97-1.84 {m, 4H),
1.28-1.03 (m, 15H); LC-MS (ES™): m/z 796.35 [MH], fr = 1.95 min, (3.00 minute run}.
0329} Chemical formula: CaHsoCINOs [796.37)

[8330] EXAMPLE 5 - SYNTHESIS OF COMPOUND 5

{0331} SCHEME 3, SUMMARY OF THE SYNTHESIS OF COMPOUN S.
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18332} Step 1. Synthesis of tert-butyl 4-[S-{methoxycarbonylpyridin-3-ylipiperazine-i-
carboxylate (I}

{8333} Into 2 250 mb round-bottom flask were added methyl S-bromopyridine-3-
carboxyiate{2 g, 9.258 mmol, 1 equiv), tert-butyl piperazine-1-carboxylate{1.90 g, 0.010 mmol,
1.1 equiv), Toluene (40 ml, 375 956 mmol, 40.61 equivy and Cs2C03(6.03 g, 18516 mmol, 2.0
equiv} at room temperature. To the above mixture was added BINAP(0.58 ¢, 0.926 mmol, 0.1
equiv), Pd2(dba}3 (0.85 g, 0.926 munol, 0.1 equiv) in portions over 2 min at room temperature.
The resulting mixture was stirred for additional overnight at 90°C. The nuxture was aliowed to
cool down to room temperature. The resulting mixture was dituted with ethyl acetate (400mL}. The
combined organic layers were washed with brine (1x300 mb), dried over anhydrous Na2SO4.
After filtration, the filtrate was concentrated under reduced pressure. The residue was purified by
sifica gel column chromatography, eluted with hexane/ EtOAc (100% to 35%} to afford tert-butyl
4-[5-{methoxycarbonyDpyridin-3-viipiperazine-1-carboxylate(1.4 g, 47.05%) as an off-white
sohd  LOC-MS(ES, mz)y 322.00[MH"], =091 lmin, (2.00mmute run).

18334} Step 2. Synthesis of 3-{4-(tert-butoxycarbonylipiperazin-1-yinicotinic acid (1)
[8335] Into a 30 ml  round-bottom flask were added tert-butyl  4-[5-
{methoxycarbonyhpyndin-3-ylipiperazine-1-carboxvlate(l .4 g, 4 356 nunol, 1 equiv), MeOH (1.3
ml, 32109 mwmol, 7.37 equv) and HxO (12 mi, 666,100 mmol, 15291 equiv) at room
temperature. To the stirred solution lithiem hydroxide (1.3 g, 54.280 mmol, 12.46 equiv) was
added in portions at room temperature. The resulting mixtare was stirred for overmght at room
temperature. The resulting mixture was difuted with ethyl acetate (30 ml.}). The resulting mixture
was filtered, the filter cake was washed with MeGH (3x50 mlL). The filtrate was concentrated
under reduced pressure. The crude product was used i the next step directly without further
purification. LC-MS (ES, mz): 308.05[MH"], #& = 0.627min, (2.00minute run).

{6336} Step 3. Synthesis of teri-butyl 4-[5-[(2,6-dioxopipenidin-3-ylicarbamoyl]pyridin-3-
vipiperazine-1-carboxylate (111}

{6337} Into a 25mb round-bottom flask were added 5-[4-[{tert-butoxyjcarbonyi|piperazin-1-
vilpyridine-3-carboxylic acid(500 mg, 1.627 mmol, 1 equiv), 3-aminopiperidine-2,6-dione
hydrochloride {(267.76 mg, 1.627 mmol, 1.00 equiv), DMF (0.00 mL, 0.052 mmol, 0.03 equiv),
DIEA (1051.27 mg, 8.134 mmol, 5.0 equiv) and HATU (1237.12 mg, 3.254 mmol, 2.00 equiv) at

room temperature. The resulting mixture was stirred for 3h at room temperature under nitrogen
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atmosphere. The reaction was quenched by the addition of Water (30mL} at room temperature.
The resulting mixture was extracted with EtCAc (3 x50 mL}. The combined organic layers were
washed with brine (3x30 mL}, dried over anhydrous NaZS04. After filiration, the filtrate was
concentrated under reduced pressure.  The residue was purified by silica gel column
chromatography, eluted with PE/EtCAc (1:1) to afford tert-butyl 4-[5-[(2,6-dioxopiperidin-3-
vi}carbamoyljpyridin-3-ylipiperazine-1-carboxylate(290 mg, 42.70%) as an off-white sohid. LC-
MS (ES, m/zy 418 05[MH™], &= 0.7%min, (2.00minute run).

{8338} Step 4. Synthesis of N-{2 6-dioxopiperidin-3-y1}-5-(piperazin-1-yhnicotinamide
hydrochloride {(IV)

{8339} Into a 10 mbL round-bottom flask were added tert-butyl 4-[5-[(2,6-dioxopiperidin-3-
viycarbamovljpyridin-3-vlipiperazine-1-carboxylate(290 mg}, MeOH (2 mL) and HCl (gas)in 1,4~
dioxane(3 rol.) at room temperature. The resulting nmuxture was stured for 2h at 30°C under air
atmosphere. The resulting modure was concentrated under vacuurn to afford N-(2.6-
dioxopiperidin-3-yi)-5-(piperazin-1-yhipyridine-3-carboxamide hydrochlornde(300 mg) as an off-
white solid. The crude product was used 1o the next step directly without further punification.
[8346] Step S. Synthesis of N-(2,6-dioxopiperidin-3-y[-5-(4-[{1-{4-[[(1+,3r}-3-(d-cvano-3,5-
dimethylphenoxy)-2,2.4 d-tetramethyleyclobutyljcarbamoyi]phenypipendin-4-
viimethyipiperazin-t-yhpyridine-3-carboxamide (V1)

[8341] A solutton/mixture of (V) 4-(d-formylpiperidin-1-y1}-N-[{1r,3r}-3-{4-cyanc-3,5-
dimethyiphenoxy)-2,2,4, 4-tetramethyleyclobutylbenzamide (100 mg, 0.205 mmol, T equiv), and
N-{2,6-dioxopiperidin-3-yi}-S-(piperazin-1-vhpyridine-3-carboxamide hydrochloride {87.07 mg,
0.246 mmol, 1.2 equiv} in dichloromethane was stitred for 30 nmun at room temperature under
nitrogen atmosphere. To the above mixture was added STAB (130.39 mg, 0.615 mmol, 3.0 equiv)
i portions over 5 min at 0 °C. The resulting mixture was stirred for additional overnight at room
temperature. The mixture was allowed to cool down to 0 °C. The reaction was quenched with
Water/ice at 0°C. The resulting mixture was extracted with EtOAc (3 x15 mL}. The combined
organic layers were washed with brine {(1x30 mL}, dried over anhydrous Na:SQOu. After filtration,
the filtrate was concentrated under reduced pressure. The crude product was purified by Prep-
HPLC with the following conditions (Z#SHIMADZU (HPLC-01}): Column, Xselect CSH OBD
Columan 30*150mm Sum, n, mobile phase, Water(10MMOL/L NHAHCO3} and ACN (hold 57%
PhaseB 1n 8 min); Detector, UV 254nm . This resulted 1n N-(2,6-dioxopiperidin-3-y1}-5-(4-[[1-(4-
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[F(1r,3r)}3-{4-cyano-3,5-dimethylphenoxy)-2,2,4 4-
tetramethylcyclobutyljcarbamoyl]phenylipiperidin-d-yljmethylipiperazin-1-yhipyridine-3-
carboxamide (22.6 mg, 13.97%) as a white sohid.

{6342} LC-MS (ES, m/zy, 78935[MH"], #x=2.168min, {3.00 nunute run).

{8343} TH-NMR: (CD:OD, 300MHz): 8 8.42 (o, 2H),7.79 (s, 1H), 7.73 (d, 2H), 7.0(d, 2H),
6.71 (s, 2H), 4.92-4.89(m, 1H), 423 (s, 1H), 4.11 (m, 1H), 3.91 (d, 2H), 3.38-3.35 (m, 5H), 2.89-
2.79 (m, 3H), 2.76-2.74 (m, 1H), 2.69-2.64 (m, 4H), 2.47 (s, 6H),2.33 (d, 2H), 2.25-2.16 (m, 3H),
1.39-1.31{(m, 3H), 1 28 (s, 6H), 1.21(s, 6H).

10344} Chemical Formula: CasHseNeQs [788.99].

18345} EXAMPLE 6 — SYNTHESIS OF 4-{4-({1-{4-({{(1R,3R}-3-{4-CY ANO-3-METHOX Y PHENOXY }-
22,4, 4~TETRAMETHYLCYCLOBUTYLIYCARBAMO YL JPHENY L JPIPERIDIN-4~ YL IMETHYL JPIPERAZIN- 1 -

YLN-{{R}-2,6-DIOXOPIPERIMN-3-Y L} 2-FLUOROBENZAMIDE (COMPOUND 14)

[8346] Compound 14 was isolated from Compound 1 (prepared as described n Example 3}
using supercritical fhud chromatography. Using the process outlined below 1n Table 2, 118 mg of
Compound 14 was solated from Compound 1.

10347} TABLE 2. SFC CONDITIONS FOR ISCLATION OF COMPOUND 14.

Instrument Waters 800}

Column Chiralpak AD 250x30mm I.D., 10um

Phase B for

Mobile Phase | Phase A for Supercritical COn ,
IPAACN=31{0. 1%NH3H20)

Isocratic ) ,
) 80%Fhase B (20% Phase A)
elution
Flow rate Blg/mim
cycle time & Zrmn
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Back Pressure | 100bar to keep the COz o Supercritical flow

uv 220nm

Injection 4.0ml

[0348]  'H NMR (400 MHz, DMSO-de) 5: 10.84 (s, 1H), 8.05 (t, 1=7.2 Hz, 1H), 7.75 (d, }=8 8
Hz, 2H), 7.65 - 7.60 (m, 2H), 7.51 (d, J=9.2 Hz, 1H), 6.96 (d, J=8.8 Hz, 2H), 6.87 - 6.74 {m, 2H),
6.65 (d, 1=2.0 Hz, 1H), 6.55 (d, J=8.8, 2.0 Hz, 1H}, 483 - 4. 65 (m, 1H), 4.29 (s, 1H), 4.06 (¢,
3=9.2 Hz, 1H), 3.95 - 3.79 (m, 5H), 3.32 - 3.24 (m, 4H), 2.87 - 2.72 (m, 3H), 2.56 - 2.53 {m, 2H),
2.49 - 2.46 {m, 3H), 2.25 - 2.17 (m, 2H), 2.17 - 2.08 (m, 1H), 2.06 - 2.00 (m, 1H), 1.81 (d, J=12.0
Hz, 3H), 1.27 - 1.10 (m, 14H).

[6349] EXAMPLE 7 -~ SYNTHESIS OF COMPOUND 15

{8356} SCHEME 4. SUMMARY OF THE SYNTHESIS OF COMPOUND 15,
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{8351} Step 1. Synthesis of tert-butyl N-[{1r,3r}-3-(4-cvano-3,5-dimethylphenoxy)-2,2,4,4-
tetramethyicyclobutyljcarbamate (8}
[8352] To a solution of tert-butyl N-[{1r,30)-3-hydroxy-2,2,4,4-
tetramethylcyclobutyijcarbamate(1 5 g, 6164 mmol, 1 equiv) in DMF was added sodium hydride
{60% in o1, 390 rog) at O degrees C. The mixture was stured for 15 mun. 4-fluore-2,6-
dimethylbenzonitrile(1.10 g, 7.397 mmol, 1.20 equiv) was added and the mixture was allowed to

warro to RT and stirred for 2 b The resulting mixture was diluted with ethyl acetate (50 b)), The
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reaction was quenched by the addition of Water/Ice (20 mL} at O degrees C. THE aqueous layer
was extracted with BtOAc (2x30 mb). The resulting mixture was washed with 3x50 mbL of water.
The residue was purified by Prep-TLC (CH2CIZ / MeOH 10:1) to afford tert-butyl N-[(1r,3r}-3-
{4-cyano-3,5-dimethylphenoxy}-2,2,4, 4-tetramethylcyclobutyljcarbamate(1 8g,78.39%) as a light
vellow solid.

{9353} LC-MS (ES™): m/z 317.00 [MHT-56], 7z =1 469min, {2.00 minute run).

{0354} Step 2. Syuthesis of 2,6-dimethyl-4-{(1r,3r}-3-amino-2.2,4,4-
tetramethylicyclobutoxy Jbenzonitrile hvdrochlornide (1)

10385} To a stirred solution of tert-butyl N-{{11,31}-3-(4-cyano-3,5-dimethyiphenoxy}-2.2,4 4-
tetramethylicyclobutyl]carbamate{1.8 g, 4 832 mmol, 1 equiv) in 1 4-dioxane was added 4M HCI
in dioxane dropwise portions at room temperature. The resulting mixture was stirred for 1 hat 30
degrees C. The resulting mixture was concentrated under reduced pressure. This resulted n 2,6-
dimethyl-4-[{11,30)-3-amino-2,2 4, 4-tetramethylcvelobutoxy benzonitrile . hydrochlonde(1 4g,
93.81%) as a hight vellow sohd,

10356} LO-MS (ES™): m/z 273.25 [MH'], & =0.949min, (2.00 minute run).

83587} Step 3. Synthesis of S-chioro-N-[{1r,3r}-3-{4-cyano-3,5-dimethyiphenoxy)-2,2.4,4-
tetramethylcyclobutylipyrazine-2-carboxarade (1)

[8358] To a stivred solution of 2. 6-dimethyl-4-{(1r,3r)-3-amine-2,2.4,4-
tetramethyleyclobutoxy fbenzontrile hydrochlonde(S00 mg, 1.619 mmol, 1 equv) and 3-
chloropyrazine-2-carboxylic acid{282.33 mg, 1.781 mmol, 1.1 equv) m DMF were added
DIEA{1.05 g, 8.095 mmwol, 5 equiv) and HATU(1.85 g, 4857 mmol, 3 equiv} in portions at room
temperature. The resuliing mixture was stirred for 1 h at room temperature. The resulting mixiure
was difuted with ethyl acetate {30 ml). The resulting nuxture was washed with 3x40 mb of water.
The residue was purified by Prep-TLC (PE/EOAc 1:1) to afford S-chloro-N-{{1r,31}-3-{4-cyano-
3,5-dimethyiphenoxny}-2,2,4 4-tetramethylcyclobutylipyrazine-2-carboxamide (500 mg, 74.80%}
as a light yellow solid.

{63591 LO-MS (ES™): m/z 413.25 [MHT], & =1.430min, (2.00 minute run).

18366} Step 4. Synthesis of 2,2 2-triftucrcacetaldehyde; N-(2,6-dioxopipendin-3-y1}-3-
[{1r,3r}-3-{{(pipertdin-4-ylmethyl { propan-2-yhaminolcyclobutoxy [benzamide (1Y)

0361} To a stirred sclution of tert-butyl 4-[[{(propan-2-vHi{(11,3r}-3-[3-[{(2,6-dioxopiperidin-

3-yhicarbamoyl]phenoxyleyclobutyijamino]methyi]piperidine-1-carboxylate(1 00 mg, 1 equiv) in
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1,4-dioxane was added HCl{gas)in 1,4-dioxana(5 mL} dropwise portions at room temperature. The
resulting muxture was stirred  for 2 h at 30°C. The resulting mixture was concentrated under
reduced pressure. The crude product was used in the next step directly without further purification.
{8362} LO-MS (ES™): m/z 457.27 [MHT, iz =0.806 min, (2.00 minute run).

18363} Step 5. Synthests of  S-{4-[[{propan-2-vDi{11,31}-3-[3-[(2,6-dioxopipenidin-3-
vi}carbamoyljphenoxy]eyclobutyljamino]methylpiperidin-1-yB-N-[(1r,3r}-3-{4-cyano-3, 5-
dimethyliphenoxy)-2,2 4 4-tetramethyleyclobutylipyrazine-2-carboxanude {(Compound 3}

[0364] To a stured solution of 2,2 2-trifluorcacetaldehyde; N-(2 6-dioxopiperidin-3-y1)-3-
[(1r 3r)-3-[{{ piperidin-4-vhmethvl[{propan-2-yDaminolcyclobutoxyibenzamide (100 mg, 0180
mmol, 1 equivy and  S-chlore-N-[(1r,3r)-3~(4-cvano-3,5-dimethyiphenoxy)-2,2.4,4-
tetramethylcyclobutyllpyrazine-2-carboxamide(81.90 mg, 0.198 mumeol, 1.1 equiv) in DMF was
added K2C03 (74.76 wmg, 0.541 mmol, 3 equiv) 1o portions at room teraperature. The resulting
nmuxture was stirred  for overnight at 60 degrees C. This resulted in 5-(4-[[{propan-2-yHi{11,3r}-3-
[3-[(2,6-dioxopiperidin-3~-yhcarbamoyl jphenoxylcyclobutyljaminomethylpiperidin- 1~y 1)-N-
[{11,3r)-3~(4-cyano-3, 5-dinethylphenoxy)-2,2 4, 4-tetramethyleyclobutyllpyrazine-2-
carboxarde (25.8 mg, 17.18%) as a white sohid.

[0365] TH-NMR (400 MHz, Methanol-d4) 38.67(d, J=1.4Hz 1H), 824 (d, J=1.3 Hz, 1H),
745(d, J=76Hz 1H), 739, J=79Hz, 1H), 732 (s, 1H), 7.04 (4, ] =83 He, 1H}, 6.74 (5,
2H), 477 (s, TH), 4.60 (d, T = 13.3 Hz, 2H), 427 (s, 11}, 4.06 (s, 1H), 3.77 (s, 110, 3.03 (1, T =
12.5 Hz, 3H), 2.84 (dd, T = 17.3, 7.4 Hz, TH), 2.78 - 2.69 (m, 1H), 2.49 (s, 6H), 2.36 (s, 2]}, 2.23
(¢, = 11.6, 7.0 Hz, 411, 2.00 (d, F = 13.1 Hz, 21}, 1.79 (s, 1H), 1.29 (s, 611}, 1.22 {s, 6H]), 1.18
(s, 2H), 1.03 (d, J = 6.5 Hz, 6H), 0.92 (s, OH), 0.12 (s, TH).

[0366]  LOC-MS (ES™): m/z 833.55 [MH™], 1z =1.646min, (3.00 minute run).

{8367} EXAMPLE 8 - SYNTHESIS OF 4-{4-{{1-(4-({{(1 R, 3R}-3-(4-CYANO-3-METHOXYPHENOXY }-

2.2,4 4 TETRAMETHYLCYCLOBUTYLJCARBAMOYL JPHENY L }PIPERIDIN-4- YL IMETHYL }JPIPERAZIN-1 -

YL }-N-{{8)-2,0-DIOXOPIPERIDIN-3-YL}-Z-FLUOROBENZAMIDE { COMPOUND 21}
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{0368} Compound 21 was isolated from Compound 1 (prepared as described in Example 3)
using supercritical fluid chromatography. Using the process outlined above n Table 2, 71 myg of
Compound 21 was isolated from Compound 1.

10369} 'H NMR (400 MHz, DMSO-ds) &: 10.84 (s, 1H), 8.05 {t, J=7.2 Hz, 1H), 7.75 (d, J=8 %
Hz, ZH), 7.69 - 7.60 (m, 2H), 7.51 (d, J=9.2 Hz, 1H), 6.96 (d, J=8.8 Hz, 7H), 6.87 - 6.74 (m, 2H),
6.65 (d, J=2.0 Hz, 1H). 6.55 (d, J=8.8, 2.0 Hz, 1H), 4.83 - 4. 65 (m, 1H), 4.29 (s, 1H), 4.06 (d,
J=92Hz, 1H),3.95-3.7%(m, SH), 3.32-3.24 (m, 4H), 2.87 - 272 {(m, 3H), 2.56 - 2.33 {m, 2H),
249 - 2,46 (m, 3H), 225 - 217 (m, 2H), 2.17 - 2.08 {(m, 1H), 2.06 - 2.00 {(m, 1H), 1 81 {d, }=12.0
Hz, 3H), 1.27 - 1.10 (m, 14H).

{08376} EXAMPLE 9 ~ SYNTHESIS OF COMPOUND 23

10371} SCHEME 5. SUMMARY OF THE SYNTHESIS OF COMPOUND 23.
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(0372} Step 1. Preparation of (1), tert-butyl 4-[4-[{2,6-dioxo-3-piperidyljcarbamoyl]
phenylipiperazine-1-carboxylate

o
O

H
/u\ NH G N O
HolN O
" oH : A U
AN H
(\F}i HATL, TEA, DMF r/\N -
N 15°C, 1h

Roc” N\)

{8373} To a solution of 4-(d-tert-butoxycarbonylpiperazin-1-yhbenzoic acid (500 mg, 1.63
mmoi, 1 eq} and 3-aminopiperidine-2,6-dione (209 mg, 1.27 ramol, 1 eg, hydrochloride) in N,N-
dimethyiformamide (3 mL) was added o~{7-azabenzotniazoi-1-yh-nnn' n'- tetramethylorontam
hexafiuorophosphate (930 mg, 2.45 mmol, 1.5 eq) and triethylamine (495 mg, 490 mmol, 3 eg).

The mixture was stirred at 15 °C for 1 hour. LCMS showed the reaction was completed and desired
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MS can be detected. Water (100 mL)} was poured into the mixture and stirred for 1 minute. The
aqueous phase was extracted with ethyl acetate (50 mL x 3} The combined organic phase was
washed with brine (100 mL x 2}, dried with anhydrous sodium sulfate, filtered and concentrated
i vacsum. The residue was purified by prep-TLC {dichicromethane: methanol = 20:1).
Compound tert-butyl 4-[4-[(2,6-dioxe-3-piperidyly carbamoyl]phenylipiperazine-1-carboxylate
{370 mg, 0.88 mmol, 54% vield) was obtained as an off-white sohid.

10374} Chemical Formula: CoiHzsOsNa, Molecular Weight: 416 .47

{8375} Step 2. Preparation of (II), N-(2,6-dioxo-3-piperidyl}-4-piperazin-1-yl- benzamide

o oﬂfg o ETG
E \/ﬂ\ﬁ ' HCldioxane /@/J\‘Nl
o 4
o / '
~y ~y
\’/N\,J HN\)

{0 &

{8376} To a solution of tert-butyl 4-[4-[(2,6-dioxo-3-piperidyDcarbamoyijphenylipiperazine-
1- carboxylate {370 mg, 0.88 mmol, | eq) in dichloromethane (2 mL) was added hydrochloride
acid/dioxane (4 M, 10 oL, 45.02 eq). The mixture was stitred at 13 °C for | hour. LCMS detected
the desired MS. The reaction mixture was filtered and concentrated under reduced pressure to give
avesidue. The crude product N-(2,6-dioxo-3-piperidyl-4-piperazin-1-yi- benzamide was used into
the next step without further purification. Compound N-{2,6-dioxo -3-piperidyi}-4-piperazin-1-yi-
benzamide (300 mg, 0.85 mmol, 95% yield, hydrochloride} was obtained as an off-white solid.
[0377]  LOMS: MS (ESD sz 317.1 [M+1]7

18378} Chemical Formulda: CisH200:Ns, Molecolar Weight: 3161

{8379} Step 3. Preparation of HI
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Preparation of {ifa;

10388 To a solution of methyl 6-chloropyridazine-3-carboxylate (100 g, 579.48 mmol, 1 eg)
m tetrahydrofuran (1 L) and water {1 L} was added Ithium hydrate (48.63 g, 1.16 mol, 2 eg) n
portions. The reaction muxture was stured at 25°C for 1 howr. Thin-Layer Chromatography
{Petroleum ether: Bihy! acetate = 1:1) showed methyl 6-chloropyridazine-3-carboxylate was
consumed completely. The reaction mixture was poured into hydrochloric (2.0 M, 600 ml}, and
extracted with dichloromethane (800 ml* 2). The combined organic layers were washed with
brine (2 L. * 3), dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure. The residue was triturated with ethyl acetate (S00 mL}. 6-chloropyridazine-3-carboxylic

actd (70 g, 436.22 mmol, 75% vield, 98% purtiy} was obtained as a white solid.

[0381]  'H NMR: (400MHz, DMSO-ds),

[0382] & 14.08 (s, 1H), B.24 (d, /=9.2 Hz, 13}, 8.09 (d, /9.2 Hz, 1H}.

{0383} Chemcal Formula: CsHzCIN2(2, Molecular Weight: 158.54.

[8384] Totai H count from HNMR data: 3

{0385} To a solution of 4-{4-aminccyclohexoxy}-2-chloro-benzonitrile (40 g, 139.28 mmol, 1

eg, HCI salty, 6-chloropyridazine-3-carboxylic acid (2871 g, 181.07 mmol, 1.3 eg) and
triethylamine {56.38 g, 557.13 mmol, 4 eg) in dichloromethane {400 mL} was slowly charged
with 2,4 6-Tripropyl-1,3,5,2 4, 6-trioxatriphosphinane 2, 4, 6-irioxide {106 .36 g, 167 14 mmol, 50%
in ethyl acetate, 1.2 eg}. The reaction mixture was stirred at 30°C for 2.5 hr. Thin-Layer
Chromatography (Petroleum ether: Ethyl acetate = 1:1} indicated 4-{4-aminocyclohexoxy}-2-

chloro-benzonitrile was consumed completely. The reaction mixture was poured into saturated
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sodium bicarbonate selution (3 L}, and extracted with dichloromethane (2 1.* 3). The combined
organic layers were washed with brine (4 L* 3}, dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was triturated with ethyl acetate (500 mL). 6~
chloro-N-{4-(3-chloro-4-cvano-phenoxy)oyclohexylipyridazine-3-carboxamide {50 g, 12524
mmol, 90% yield, 98% purity) was obtained as a white solid.

[0386]  'H NMR: (400MHz, DMSO-de),

{0387} 5:912(d, S~8.0Hz 1H) 822(d,./=88Hz 1H),809(d,/~88Hz, 1H), 7.84 (d, /=88
Hz 1H), 738 (d, /=24 Hz, 1H), 713 (dd, /=2.4, 8.8 Hz, 1H), 4.55- 449 (m, 1H), 3.92 - 3.88 (m,
1H), 213 -2.10{m, 2H), 1.92 - 1.89 (m, 2H), 1.72 - 1.66 (m, 2H), 1.55 - 1.53 {m, 2H).

[08388] Chemical Formula: CisHisCl:N4O2, Molecular Weight: 391.25.

10389} Total H count from HNMR data: 18

[9390] Preparation  of {(Ile) A solutton  of  6-chloro-N-[4-(3-chloro-4-cyano-
phenoxyjeyelohexvlipyridazine-3-  carboxamade (5 g, 1278 mmol, 1 eg), 4
{dimethoxymethyDpiperidive (2.03 g, 12.78 mmol, 1 eg) and diisopropyl ethyl ammne (495 g,
38.34 munol, 3 eg) 10 dimethylsulfoxide (30 md.} was stitred at 80°C for 12 hours, LO-MS showed
desired compound was detected. The reaction mixture was poured nto (500 mL) water and stirred
at 25 °C for 1 hour. The precipitate was collected by filtration and dried under high vacuum. The
residue was triturated with ethyl acetate and petroleum ether (30 miL, 1:3) to give N-{4-{3-chloro-
4-cyano-  phenoxyicyclohexyl]-6-[4-(dimethoxymethy}-1-piperidyljpyridazine-3-carboxamide
(32¢g,
8391} LOMS: MS (ESDym/z: 514,71 [M+1]7

{6392} Chemical Formula: CosHi2CINsGs, Molecular Weight: 514.02

18393} Preparation of (I}

6.23 mmol, 48% yield) as a yvellow sohd.

oy

{0394} To a solution of N-[4-(3-chloro-4-cyano-phenoxy)cyclohexyl]-6-[4-
{dimethoxymethyl}- 1-piperidyllpyridazine-3-carboxamide (3 g 3584 mmol, 1 eg} n
tetrahydrofuran {80 ml) was added sulfuric acid (2 M in water, 87 ml, 30 e¢q). The reaction
mixture was stirred at 70°C for 3 hours. Thin layer chromatography {petroleum ether: ethyl acetate
= 1:1} indicated reactant 1 was consumed completely. The pH was adjusted to 8§ with sodium
hydroxide (2 M 10 water), then extracted with ethyl acetate (50 ml x 3} The combined organic

fayers were washed with brine (50 mlL x 2), dried over ashydrous sodium sulifate, filtered and
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concentrated under reduced pressure to give N-{4-(3-chloro-4-cyanc-phenoxycyclohexyli-6- (4-
formyl-1-piperidylipyridazine-3-carboxamide (2.6 g, 5.56 mmol, 95% vield) as a yellow solid.
j0395]  'H NMR: (400MHz, DMSO-ds)

[0396]  §=19.75-9.55 (m, 1H), 8.62(d, J/=8.4 Hz, 1H), 7.84 (dd, J=9.2, 15.2 Hz, 2H), 7.43 -
7.33 (m, 2H), 7.14 (dd, J=2.4, 8.8 Hz, 1H), 4.58 - 4.50 (m, 1H), 432 (m, 2H), 3.92 - 3.78 (m, 1H),
333323 (m, 2H), 276 - 264 (m, 1H), 211 {d, /=10.0 Hz, 2H)}, 1.98 - 1.85 (m, 4H}, 1.69-1.48
(m, 6H}

{8397} Chemical Formula: CasHueCINSG;, Molecular Weight: 467 95

10398} Total H count from HNMR data: 26.

{6399} Step 4. Preparation of (1Y}, N-[4-(3-chloro-4-cyano-phenoxv)cyclohexyi]-6-[4-][4-[4-
[(2,6-dioxo-3-pipenidyDcarbamoyiiphenylipiperazin-1-yljmethyil-1-piperidyllpyridazine-3-

O/\\\D
N N
N¥

carboxamide

Sy
it
}

H 0
Y oo
N o o
H

(i
NaOAC, NaBH;CN, MeOH. DCM

¥

- N
O /A%] O O
BN
I R . SNH HN ~NH
Ci = ¢ O
23

[8400] To a solution of N-(Z,6-dioxo-3-piperidyly-4-piperazin-1-vi-benzanude (113 mg, $.32
mmol, 1 eg, HCH) 1n methanol {2 mL) was added sodium acetate {52 mg, 0.64 mmol, 2 eg). The

mixture was stirred at 15 °C for 0.5 h. Then N-[4-(3-chloro-4-cyano-phenoxylevelohexyl} -6-{4-

174



WO 2021/127443 PCT/US2020/066021

formyl-1-piperidyDpyridazine-3-carboxamide (150 mg, 0.32 mmel, 1 eg) in dichloromethane (2
mL} was added to the mixture, acetic acid (0.5 mL) and sodium cyanoborohydride (40 mg, ¢.64
mimol, 2 eq} was added to the mixture, the mixture was stirred at 15 °C for 1 h. LCMS showed the
reaction was completed and desired MS can be detected. Water (20 mL} was poured into the
nuxture and stirred for 1 minute. The agueous phase was extracted with dichloromethane (10 mL
x 3). The combined organic phase was dried with anhydrous sodium sulfate, filtered and
concentrated in vacuum. The residue was purified by prep-HPLC {column: Phenomenex Synergi
18 150%25%10um;mobile phase: [water{0.225%FA-ACN] BY%: 12%-42%,10min}. Compound
N-{4-(3-chloro-4-cyano-phenoxy)eycichexyl}-6-{4-{[4-14-{(2,6-dioxo-3-
piperidyl)carbamovliphenyilpiperazin-1 -ylimethyl]-1-piperidytipyridazine-3-carboxamide {51.1
mg, 9.06 mmol, 19% yield, 99% purity, formate) was obtained as a white solid.

[0461]  LOMS: MS (EST) m/z: 770.3 [M+23]"

{0402} "H NMR: (400MHz, DMSO-ds)

[8403] 8: 10,83 (s, 1H), 859 (d, J=7.6 He, 1H), 847 (d, =7.6 Hz, 1H), 820 (5, 1H), 7.85(d,
J=8.8 Hz, 1T, 7.77 (dd, /=88, 18.4 Hz, 3H), 7.39 (s, 1HD), 7.33 (d, /=9.6 Hz, 1H), 7.13 (d, /=8.4
Hz, 1H), 6.97 {d, /=84 Hz, 2H}, 474 (5, 1H}, 4.59 - 4.43 (m, 4H), 3.85 (s, 1H), 3.2§ - 3.24 {m,
2H), 3.02 (1, ~12.0Hz, 2H), 285 -2.73 {m, 3H), 2.20 {(d, /=76 Hz, 3H), 2.10(d, /=9.2 Hz, 4H),
202-1.77 (m, 6H), 171 - 158 (o, 3H), 151 {4, /=128 H=, 3H), 1.12(d, /=11 6 Hz, 2H)

[8404] Chemical Formula: CaoHasClOsNs, Molecular Weight: 767.33

[8405] EXAMPLE 10 - SYNTHESIS OF COMPOUND 24

{8406} SCHEME 6. SUMMARY OF THE SYNTHESIS OF COMPOUND 24,
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[0408] To a solution of methy! S-hydroxypyridine-2-carboxylate (500 mg, 3.27 mmol, 1 eg),

tert-butyl N-{3-hydroxycyclobutyljcarbamate (611 mg, 3.27 mmol, 1 eg} and triphenylphosphine
{1.28 g, 4 90 munol, 1.5 eg) in tetrahydrofuran (S mL} was added diisopropylazodicarboxylate (290
mg, 4.90 mmol, 1.5 eg) at 0 °C. The reaction mixture was stirred at 15°C for 12 hours. LCMS
showed desired compound was detected. The reaction mixture was quenched by addition water
{30 mL}, and extracted with ethyl acetate (50 mL x 3}. The combined organic lavers were washed
with brine {80 ml x 2}, dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (Petroleum
ether/Ethyl acetate=100/1 to 3/1). Methyl 5-[3-(tert-butoxycarbonylamino)jeyclobutoxy Jpyridine-
2~carboxylate (3 g, crude) was obtained as a colorless o1,

{8469} LCMS: MS (BSDymvz: 3231 [M+1]7

(8410} Chenucal Formoula: CisH2:N20s, Molecular Weight: 322.36

{

$411] Step 2. Preparation of {If), methy! 5-(3-aminocyclobutoxy)pyridine-2- carboxylate

HCi/dioxane

DCM, 15°C, 1 h

{H {in

{8412} To a solution of methyl 5-[3-{tert-butoxycarbonylaminejcyclobutoxyipyridine-2-
carboxylate (3 g, .31 mmol, 1 ey} in dichloromethane (5 mL} was added hydrochloric acid (4 M
i dioxane, 3 mL). The reaction mixtore was stirred at 15 °C for 1 hour. TLC (Petroleum ether:
Ethyl acetate = 3:1) indicated methyl 3-[3-(tert-butoxycarbonylamino} cyclobutoxy jpyridine-2-
carboxylate was consumed completely. The reaction muxture was concentrated under reduced
pressure.  The residue was tritwrated with ethyl acetate (15 mL) methyl 5-(3-
aminocyclobutoxy jpyridine-2-carboxylate (760 mg, 294 mmol, 31% yield for 2 steps,
Hydrochloride) was obtained as a white solid.

[0413]  TH NMR: (400 MHz, DMSO-ds)
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[0414] & 8.63 (s, 3H), 8.32 - 8.28 (m, 1H), 8.06 - 7.99 (m, 1H), 7.36 (dd, J=2.8, 8.8 Hz, 1H),
5.30 - 5.12 (m, 1H), 3.84 (s, 4H), 2.76 - 2.64 {m, 2H), 2.48 - 2.40 {m, 2H), 2.01 - 1.88 (m, 1H)
0415} Chemical Formula: CriHiaN2Qs, Molecular Weight: 222.24
{8416} Total H count from HNMR data: 16,
10417} Step 3. Preparation of (I}, methyl S-[3-[(1-tert-butoxycarbonyl-4 -
piperidymethy laminojcyclobutoxy lpyridine-2-carboxylate

Boc., o,

O N } Boo., V]
HN, oy J/\N:T/U\O/ LA N l\/j\/ / LN /‘J\O/
\“’)\o P J».,,\, '

TEA, NaBH(DAC);, MeOH DCM, 15°C, 11 Lz

) (i)

0418} A sclution of methyl 5-(3-aminocyclobutoxy)pyvridine-2-carboxylate (700 mg, 2.71
mmol, 1 eg, Hydrochloride) and triethylamine (821 mg, 8.12 mmol, 3 eg) in methanol (10 mL)
and dichioromethane (10 mL) was stirred at 13°C for 0.5 hour. Tert-butyl 4-formylipiperidine-1-
carboxvlate (377 mg, 2.71 mmol, 1 eg) was added. Then sodium borohydride acetate (1.72 g, 8.12
nmunol, 3 eg) was added. The reaction mixture was stirred at 15°C for 0.5 hour. LCMS showed
desired compound was detected. The reaction mixture was guenched by water (50 mL), and
extracted with dichloromethane (30 mL x 3}, dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was triturated with ethyl acetate (10 mL). Methyl
5-[3-[(1-tert-butoxycarbonyl-d-piperidyl) methylaminolevclobutoxylpyridine-2-carboxylate (460
mg, 1.10 mmol, 40% yield) was obtained as a white solid.

{8419} LOMS: MS (ESTym/z: 4182 [M+117

{8420} 'H NMR: (400MHz, DMSO-ds)

{8421} 0928 (s, ZH), 832 {d, /=28 Hz, 1H), 8.05 (4, /=8.8 Hz, 1H}, 7.37 (dd, /=2.8, 8.8 Hz,
1H), 5.29 - 5.03 (m, 1H), 4.04 - 3.89 (m, 2H), 3.85 (s, 4H), 2.87 - 2.78 (m, 2H), 2.76 - 2.66 {(m,
3H), 248 - 238 {m, 2H), 1.89(d, /=192 Hx, 1H}, 1.76 (d, /=12.0 Hz, 2H}, 1.40 (s, 9H), 1.07 (dq,
J=4.0,12.0 Hz, 2H)

{6422} Chemical Formula: CaoHaNsGs, Molecular Weight: 417 46

0423} Total H count from HNMR data: 27.

{8424} Step 4. Preparation of IV}, methyl 5-3-[(1-tert-buioxycarbony! -4-piperidyymethyl-

isopropyl-aminojcyvclobutoxy {pyridine-2-carboxylate
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Boc\ / o) / Boc .~
1 N, p Nx\/ﬂ C/ —(\ u Ny, J
—"‘\ i L

\/3\&0 A TEA, MeCN, 70 °C, 48 b ‘)\'o‘
{hi} )
j0425] To a solution of methyl 5+ 3-[{1-tert-butoxycarbonyl-4-

piperidymethylaminojcyclobutoxy] pyridine-2-carboxylate (410 mg, 0.97 mmeol, 1 eg) and
triethylamine (494 mg, 4.89 mmol, 5 eg) in acetonitrile (5 mL) was added 2-iodopropane (1 .66 g,
9.77 mmol, 10 eg). The reaction mixture was stirred at 70°C for 48 h. Thin layer chromatography
{Dichloromethane: Methanol = 10:1}) indicated methyl  3-[3-[{1-tert-butoxycarbonyl-4-
piperidylmethylaminofeyclobutoxy] pyridine-2-carboxylate was consumed completely. The
reaction mixture was diluted with ethyl acetate {80 mL), washed with brine (530 mL x 3), dried
over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (Petroleum ether/Ethyl acetate=10/1 to 1/1). Methyl
S-[3-[(1~tert-butoxycarbonyl-4~pipendyDmethyl-isopropyl-ammnojeyclobutoxy pyridine-2-
carboxylate (300 mg, 0.64 mmol, 66 % yield) was obtained as a yellow solid.

[8426] 'H NMR: (400MHz, BMSO-ds)

[8427] 4 830 (s, 1H), 8.01{d,. =78 Hz, 1H), 734(d, /=72 Hz, 1H}, 482 (s, 1H),408-389
(m, 3H), 3.84 (s, 3H), 3.64 (s, 1), 3.32 (5, 3H), 2.87 (s, 1H), 2.66 (s, 1H), 2.37 (s, 3H), 2.18 (d,
7=13.6 Hz, 4H), 1.99 (s, 1H), 1.70 (d, J=10.4 Hz, 2H), 1.39 (s, 11H), 1.17 (s, 2, 0.90 (d, J=4.0
Hz, 8H)

[8428] Chemical Formuda: CasHaoN3Os, Molecolar Weight: 461.59

{0429} Total H count from HNMR data: 39

{64306} Step 5. Preparation of (V), 3-[3-[(1-tert-butoxycarbonvi-4-piperidvl} methyl-

isopropy l-ammo]cyclobutoxyipyridine-2-carboxylic acid

Bnr'\ r\\ \// O B“\ - 9
AL LICH A
\* o e . \ OH

/\/N'
\j\ MeOH, THF, H,0, 15°C,12 h \ ,i\

vy

)
{6431} To a solution of methyl S-[3-[(1-tert-butoxycarbonyi-4-piperidyhmethyl-isopropyl-
amino}] cyciobumxy}pyndme_E~cm'b0xy ate (300 mg, 0.64 mmol, 1 eg) in methano!l (2 mbL),
tetrahydrofuran {Z mL} and water {2 mL} was added lithium hydroxide (109 mg, 2.60 mumol, 4 eg).

The reaction mixture was stirred at 15 °C for 12 howrs. LOCMS showed desired compound was
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detected. The reaction mixture was concentrated under reduced pressure. The pH was adjusted to
6 with 1 M hvdrochloric acid, and concentrated under reduced pressure. The residue was purified
by prep-HPLC  {column: Phenomenex Synergi CI8  150*25%10um;mobile phase:
[water(0. 1% TFAMACN] B%: 23%6-53%,9min). 5-{3-{{1-tert- butoxycarbonyl-4-
piperidyimethy l-isopropy l-aminojeyclobutoxypyridine-2-carboxyvlic acid (230 mg, 0.40 mmol,
63% vield, Trifluorcacetic acid) was obtained as & white solid.

[0432]  LCMS: MS (ESD) m/z: 448 4 [M+1]7

[06433] 'H NMR: (400MHz, DMSO-de)

10434} & 000 (s, 1H), 833(d, /=2.8 Hz, 1H), 8.04 (d, /=8.8 Hz, 1H), 742 (dd,./=2.8 ¢ 8 Hz,
1H), 4.99 (1, J=6.4 Hz, 1H), 431 - 4.09 (m, 1H), 3.96 (d, /=10.0 Hz, 2H), 3.63 - 3.49 (m, 1H),
3.13-3.01 {m, 1H), 2.98 - 2.84 (m, 2H), 2.82 - 2.63 (m, 3H), 2.6 - 2.53 (m, 1H), 1.90 - 1.68 (m,
3H), 1.40 (s, 9FD), 1.27(d, J=6.4 Hz, 3H), 1.19 (d, J=6.4 Hz, 3H), 1.12- 1.01 {m, 2F)

[8435] Chenucal Forroula: CosHa7NaOs, Molecular Weight: 447 57

[0436] Total H count from HNMR data: 37,

18437} Step 6. Preparation of {(V1}, tert-butyl 4-[{[3-[[6-[(2,6-dioxo-3~-piperidyDearbamoyl]-3-

pyridytoxyicyelobutyll-isopropylarnmnomethylipiperidine-1 -carboxylate

H
Bac. NH oY ~
NN - o H;N*-g:_ “)_, Bosw, - P o OsyNa 20
P A - Y ;
~ 24 { ¥ Ok N N p
7 i HATU, TEA DMF. 15°C 1 1 e i N
\,AQVO/\;?. ATU, TEA, DMF, Ttk \ EE /?E H
O’A\"
3

v
[8438] A solution of  5-[3-[(1-tert-butoxycarbonyl-4-pipenidylmethyl-isopropyl-amino}
cyclobutoxylpyridine-2-carboxylic acid (180 mg, 0.32 mmol, 1 eq, Trifluoroacetic acid),
tricthylamine (64 mg, 064 mmol, 2 eg) and o~{7-azabenzotnazol-1-yl-nnn, n'-
tetramethyiuronium hexafluorophosphate {182 mg, 0.48 mmol, 1.5 eg) in dimethyi formamde (3
mL} was stirred at 15 °C for 0.5 hours. Then a solution of triethylamine (64 mg, 0.64 ramol, 2 eg)
and 3-aminopiperidine-2, 6-dione (79 mg, .48 mmol, 1.5 eg, Hydrochioric acid) in dimethyl
formannde (2 mL} was added The reaction mixture was stirred at 15 °C for 0.5 hour. LCMS
showed desired compound was detected. The reaction mixture was quenched by addition water
{50 mL), extracted with ethyl acetate (50 mbL x 3). The combined organic layers were washed with
brine (50 mL x 3}, dried over anhydrous sodium sulfate, filtered and concentrated under reduced

pressure. The residue was purified by silica gel column chromatography (dichloromethane /
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methanot  =100/1 to 20/1).  tert-butyl  4-f[|3-[[6-{{2,6-dioxo-3-piperidylicarbamoyl]-3-
pyridytoxyicvclobutyll-isopropyl-amino imethylipiperidine-1-carboxylate (160 mg, 0.28 mmol,
89% yield) was obtained as a yellow ail.

[0439]  LOMS: MS (ESI) m/z: 558.0 [M+1]"

{0440} 'H NMR: (400MHz, CHLOROFORM-d)

(0441]  &:8.50 (d, J=6.4 Hz, 1F), 8.21 - §.09 (m, 2H), 8.00 (s, 1H), 7.20 - 7.10 (m, 1H), 4.89 -
4.64 (m, 2H), 430 - 3.97 {m, 6H), 3.83 - 3.59 (m, 1H), 2.99 - 2.82 (m, 3H), 2.75 - 2.56 (m, 3H),
245220 (m, 6H), 2.08 - 2.03 (m, 6H}, 1.78(d, /=12.4 Hz, ZH), 1.55 - 1.41 (m, 1H}, 1.55-1.41
{m, 10H), 1.30-1.24 (m, 6H), 0.97 (d, /=6.4 Hz, TH)

{0442} Cherical Formula: CaoHesNsOs, Molecular Weight: $57.68

[0443] Total H count from HNMR data: 43,

[0444] Step 7 Preparation of (VID), N-26-dioxo-3-piperidyly-S-[3-[isopropyl  (4-

piperidylmethylaminojeyclobutoxy jpyridine-2-carboxamide

H H
, O NSO O N0
BoCm ™, Y o j\’ hid HClidioxane T \(’ oy \f
LA M A AL ; NP NN
N _n > N 45 Or 1 N My 7N
\ i H DCM, oG, 1h L I H I
u/\\pO/’"\\;f )\’O/ L

o
)

{0445} To a solution of tert-butyl 4-[[[3-[{6-[{2,6-dioxo-3-pipenidyi}carbamoyi]-3-
pyridylioxyi cyclobutyli-isopropyi-anmuno|methylipiperidine-1-carboxylate {160 mg, 0.28 mmol,
1 eg} n dichloromethane (5 mL) was added hydrochloric acid (4 M in dioxane, 3 mL). The reaction
mixture was stirred at 15 °C for 1 hour. LCMS showed desired compound was detected. The
reaction mixture was concentrated under reduced pressure. N-{2,6-dioxo-3-piperidyt)-5- [3-
[isopropyl{4-piperidylmethylJaminofeyciobutoryjpynidine-2-carboxamide (140 mg, crude,
Hydrochloride) was obtamed as a gray sohd.

[0446]  LOMS: MS (ESD) m/z: 458.1 [M+117

{0447} Chemical Formula: CaaHasNsGa, Molecular Weight: 457 .57

{0448} Step 8. Preparation of Compound No. 24, N-[4-(3-chloro-4-cyano-
phenoxyjoyelohexyl] =5-{4-[[[3-[[6-{{2,6-dioxo-3-pipenidylicarbamoyi}-3-

pyridyljoxyicevelobuiyl]-isopropyl-aminomethyl]-1-piperidyljpyrazine-2-carboxamide
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[06449] A solution of N-{Z,6-dioxo-3-piperidyl}-5-[3-[isopropyl{4-piperidylmethylamino]
cyclobutoxypyridine-2-carboxamide {140 myg, 0.28 mmol, 1 ¢g, Hydrochloride), S-chloro-N-[4-
{3-chloro-d-cvano-phenoxy)cyclohexylipyrazine-2-carboxamide (110 mg, 0.28 rmamol, 1 2¢) and
dusopropyl ethyl anune (109 mg, 0.85 mmol, 3 g} in dimethylsuifoxide (5 mL) was stirred at 120
°C for 4 hours. LCMS showed desued compound was detected. The reaction mixture was
quenched by addition water (50 b)), extracted with ethyl acetate (50 ml x 3). The combined
organic layers were washed with brine (50 ml % 2), dried over anhydrous sodiur sulfate, filtered
and concentrated under reduced pressure. The residue was purified by prep-HPLC {column:
Phenomenex Synergt C18 150%25%10um;mobile phase: [water(0.225%FA)-ACN];B%: 21%-
48%, 10min). N-[4-(3-chloro~-d-cvano-phenoxy) cyclobexyl]-3-[4-[[[3-[[6-[{(2.6-dioxo-3-
piperidyHhearbamovii-3-pyridyijoxy]eyclobutylj-isopropyl-aminoimethyli-1 -pipenidyljpyrazine-
2-carboxamide {108 mg, 0.12 mmol, 43 % vield, 99% purity, formate} was obtained as an off-
white solid.

fb4501 LCMS: MS (ESTym/z: 812.2 [M+1]7

{0451} 'H NMR: (400MHz, DMSO-ds)

[0452] & 10.84 (s, 1H), 8.84 (d, /=8.4 Hz, 1H), 8.58 (s, 1H), 829 - 8.21 (m, 2H), 8.17 (s, 1H),
8.07-7.95 (m, 2H), 7.85 (d, J=8.8 Hz, 1H), 7.41 - 7.32 {m, 2H), 7.11 (dd, J=2.4, 8.8 Hz, 111}, 4.90
- 4,68 (m, 2H), 4.59 - 4.37 (m, 3H), 3.90 - 3.58 (m, 2F1), 3.02 - 2.85 (m, 3H), 2.84 - 2.71 {m, 1H),
2.53 (d, J=2.8 Hz, 2H), 2.44 - 2.31 (m, 3H), 2.30 - 1.95 {m, OF), 1.92 - 1.79 (m, 4H), 1.73 - 1.42
{m, 5H), 1.05 (g, J=10.8 Hz, 2H), 0.92 (d, J=6.4 Hz, 6H)

0453} Chemical Formula: CazHsoUINoOs, Molecular Weight: 812.36

[6454] Total H count from HNMR data: 51.

[0455] EXAMPLE 11 - SYNTHESIS OF COMPOUND 27

0456} SCHEME 7. SUMMARY OF THE SYNTHESIS OF COMPOUND 27.
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{84587} Step 1. Preparation of ()}, methyl  4-[3-(tert-butoxycarbonylamino}

cyclobutoxy lbenzoate
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NHBoc
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15°C, 12 h 0

H
{0458} To a solution of methyl 4-hydroxybenzoate (2 g, 13.15 mmol, 1 eg) and tert-butyl N-
(3-hydroxycyclobutylicarbamate (2.46 g, 13.15 mmol, | ¢g) in tetrahydrofuran (150 ml) was
added triphenviphosphine (4.14 g, 1577 mmol, 1.2 eg) and ditisopropyl azodicarboxylate {(3.19 g,
1577 mmol, 3.07 mL, 1.2 eg) at 0 °C. The mixture was stirred at 15 °C for 12 hours. LCMS
detected the desired MS. Water (100 mL) was poured into the mixture and stirred for 1 minute.
The aguecus phase was extracted with ethyl acetate (100 mbL x 3). The combined organic phase
was washed with brine (100 mL x 2}, dred with anhydrous sodium sulfate, filtered and
concentrated in vacuum. The crude product was used into the next step without further purification.
Compound methyl 4-[3-{tert-butoxycarbonylamino) cyclobutoxyibenzoate (6 g, crude) was
obtained as a yellow o1l
[8459] LOMS: MS (E8D)y m/z: 266.0 [M-56+11"
j0460] Chemical Formula: Ci7H2:0s5N, Molecular Weight: 321.37

{8461} Step 2. Preparation of {1}, methyl 4-(3-aminocyclobutoxy phenzoate

O (9]
i @J%/ Hlgiosane L @2%/
TR N o T~

U] {m
{0462} To a solution of methyl 4-[3-(tert-butoxycarbonylanmnocyclobutoxy benzoate (6 g,
18.67 mmol, 1 eg} in dichloromethane (20 mL} was added hydrochloride acid/dioxane (4 M, 93
mi, 20 eg) The mixture was stured at 20 °Cfor 12 hours. Thin layer chromatography
{dichloromethane: methanol =20:1} indicated the starting material was consumed completely and
one new spot formed. The reaction mixture was filtered and concentrated under reduced pressure.
The crude product was used into the next step without further purification. Compound methy! 4-
(3-aminocyclobutoxylbenzoate (2.5 g, 9.70 mmol, 51% yield, hydrochloride} was obtained as

a yvellow solid.
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[0463}) Step 3. Preparation of (I}, tert-butyl 4-[[[3-(4-methoxycarbonylphenoxy}
cyclobutyliamine]methylipiperidine-1-carboxylate

~

O Kj Boc. N o
HalNy,, - E A\YJ\Q/ Boc” e 3o L:j\/ i?-\{i,,,l - R ’JL‘Q/
LB\ o o E L Y/X\O

TEA, NaBH(OAC), /E\ P

CE, 15°C, 1h
{1 i

[8464] To a solution of methyl 4-(3-aminccyclobutoxy)benzoate (2.5 ¢, 970 mmol, 1 eg,
hydrochloride} and tert-butyl 4-formylpiperidine-1-carboxylate (2.07 g, .70 mmol, 1 egy in 1,2-
dichloroethane (30 mL) was added triethylamine (1.96 g, 19.40 mmol, 2 eg), the mixture was
stirred at 15 °C for 0.5 hours. Then sodium triacetoxyborohydride (6.17 g, 29.10 mmol, 3 eg) was
added to the mixture. The mixture was stirred at 15 °C for 0.5 hours. LCMS detected the desired
MS. Water (100 mL) was poured into the mixture and stured for 1 munute. The aguecus phase was
extracted with dichloromethane (100 ml x 3}, The combined organic phase was washed with brine
{100 mL x 2}, dried with anhydrous sodium sulfate, filtered and concentrated 1o vacuum. The
residue was purified by silica gel chromatography (petroleurn ether: ethyl acetate=30:1 to 10:1,
dichloromethane: methanol = 50:1) Compound tert-butyl 4-{113-(4-
methoxycarbonylphenoxyeyclobutylJamino]methvl]piperidine-1-carboxyvlate (1.6 g, 3.82 mmol,
39% yield) was obtained as a white solid.
[0465]  LCMS: MS (BSI) m/z 4192 [M+1]”
[8466] Chemical Formula: CsHaaOsNa, Molecular Weight: 418,53
{8467} Step 4 Preparation of IV}, tert-butyl 4-{{1sopropyl-{3-(4-

methoxycarbonylphenoxy yeyclobutyljamino]methylpiperidine-1 -carboxylate

Boc.. .~ o AN
N H jj\ / BL’:-C\N o~ - e}
Ny, - e N R
i \ E E ~ . K/ Nf.'. = C)/
by N TEA, ACN, 70 °C, 72 h D\ |
o P
(i {V}
j0468] To a solution of tert-butyl 4-[{{3-{4-
methoxycarbonylphenoxyjcyclobutyllaminoimethyl] piperidine-1-carboxylate (400 mg, 0.95

mmol, 1 eg) in acetonitrile {5 mL) was added tristhylamine (483 mg, 4.78 mmol, § eg) and 2-
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iodopropane {1.62 g, 9.56 mmsl, 10 eq}). The mixture was stirred at 70 °C for 72 h. Thin layer
chromatography (petroleum ether: ethyl acetate =1:1) showed the reactant was consumed
completely and one new major spot (Re=0.65) was detected. Water {100 mL) was poured into the
mixture and stirred for 1 munute. The aqueous phase was extracted with ethy! acetate (100 mb x
3). The combined organic phase was washed with brine (100 mL x 2}, dried with anhydrous
sodium sulfate, filtered and concentrated in vacuum. The residue was purified by silica gel
chromatography (petroleum ether: ethyl acetate = 50:1 to 0:1). Compound tert-butyi 4-[[isopropyl-
[3-(4- methoxycarbonviphenoxy)cyclobutyliaminolmethyljpiperidine-1-carboxylate (325 mg,
0.70 mmol, 36% vield) was obtained as a brown solid.

{8469} Step 5. Preparation of (V), 4-[3-[(1-tert-butoxycarbonyl-4-piperidyl} methyl-

isopropyl-aminoicyclobutoxy Jbenzoic acid

B Boc\N \E/ o
OCw.
if\/\l:\r/ /\*,/(uj\ LoD O\/N' /\\\)]\OH
N ’ B oo ——] 3Re- oy
v T Y wcn Uw /“\;;f‘

{iv} (v}
[8476] To a solution of tert-butyl 4-{{1sopropyl-{3-(4-
methoxycarbonylphenoxy)eyclobutyliamino] methyl]piperidine-1-carboxylate (650 mg, 141
mmol, 1 eg) m methanol {5 mL), tetrahydrofuran (5 mL} and water (3 mL) was added hithiom
hydroxide monohydrate {236 mg, 5.64 mmol, 4 eg}). The muxture was stirred at 40 °C for 1 hour.
LUMS showed the reactant was not consumed completely. The maxture was stirred at 40 °C for
10 hours. LCMS showed the reaction was completed and desired MS can be detected. The reaction
mixture concentrated under reduced pressure. The reaction mixture was adjusted pH to 5 with
hydrochloride acid (1M). Water (50 b)) was poured into the mixture and stirred for 1 minute. The
aqueous phase was extracted with ethyl acetate (30 mL x 3). The combined organic phase was
washed with brine (30 mL x 2}, dried with anhydrous sodium sulfate, filtered and concentrated in
vacoum.  Compound  4-[3-[(1-tert-butoxycarbonyi-4-  piperidylmethyl-isopropyl-aming]
cyciobutoxyibenzoic acid (500 mg, 1.12 mmol, 79% yield} was obtained as a brown solid.
10471} LCMS: MS (BESD sz 447 2 [M+11]7
(0472} Chemical Formula: CasHieOsNy, Molecular Weight: 446.58
{0473} Step 6 Preparation  of (V1) tert-butyl  4-[][3-]4-{(2,6-dioxo-3-piperidyl}

carbamoylphenoxyicyclobutyl-isopropyl-aminsmethyljpiperidine-1-carboxylate
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{¥) {Vi}
0474} To a solution of 4-[3-[(1-tert-butoxycarbonyl-4-piperidylymethyl-isopropyl-amino}
cyciohutoxyibenzoic acid (500 mg, 1.12 mmol, 1 eg) in N N-dimethvHformamide (§ mbL) was
added o-(7-azabenzotriazol-1-yvh-nn,n n'-tetramethyluronium hexafluorophosphate {638 mg,
1.68 mmol, 1.5 ¢g¢) and triethylanune (339 mg, 3.36 mmol, 3 e¢g). Then 3-aminopiperidine -2,6-
dione (184 mg, 1.12 mmol, 1 eg, hydrochloride) was added to the mixture. The mixture was stirred
at 15 °C for 1 hour. LCMS detected the desired MS. Water (100 mL} was poured into the
muxture and stirred for 1 minute. The agueous phase was extracted with ethyl acetate (S0 mb x 3).
The combined organic phase was washed with brine (1006 mL x 2}, dried with anhydrous sodium
sulfate, filtered and concentrated v vacuum. The residue was purnified by prep-TLC
{dichioromethane:  methanol = 10:1)  Compound  tert-butylt  4-[[[3-[4-[(2,6-dioxo-3-
piperidyearbamovliphenoxyleyclobutyl-isopropyl-aminohuethyljpiperidine-1~-carboxylate
{100 mg, 0.17 munol, 16% vield) was obtained as a vellow oil,
[0473]  LOMS: MS (ESD m/z: 557.3 [M+1]°
{8476} Cheraical Formula: Ci0HasNeGs, Molecular Weight: 556.69
{6477} Step 7. Preparation of (VII}, N2 6-dioxo-3-piperidyl}-4-{3-[1sopropyl{4-

pipenidylmethylaminojoyclobutoxy Ibenzamide

H

8 o}
BDC\N’/]\// o] j/\/\j’/’ HCI/do\anL HN )\ I/j/
----------------------- \ P
k Mo, N M
\»"\O

PN

(Vi)

1
{0478} To a solution of tert-butyl 4-{{13-[4-}{2,6-diopxp-3-
piperidyl}carbamoylphenoxylevciobutytl- isopropyl-aminoimethylipiperidine-1-carboxylate

(100 mg, 0.17 mmel, 1 eg) in dichloromethane (2 mi} was added hydrochloride acid/dioxane (4
M, 4 mL, 89.07 eg). The mixture was stirred at 15 °C for 1 houwr. LOMS detected the desired
MS. The reaction mixture concentrated under reduced pressure. The crude product was used nto

the next step without further purification. Compound N-(2,6-dioxo-3-piperidyl}-4-|3-[isopropyl
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{4-piperidylmethyllamino]cyclobutoxyibenzamide (70 mg, 0.14 mmol, 79% vield, hydrochloride}
was obtained as a brown solid.

[0479]  LCMS: MS (ESI) m/z: 457.4 [M+1]"

{6480} Chemical Formula: CasHseNaO4, Molecular Weight: 456.27

0481} Step 8. Preparation of Compound 27, N-{4-(3-chlorg-4-cyano-phenoxyeyclohexyl] -
6-{4-{{4-{6-[{2,6-dioxe-3-piperidyljcarbamoyl}-3-pyridylipiperazin- 1 -yHmethyl}-1-

piperidyl]pyridazine-3-carboxamide
N Cl
LY

N i
Q‘\i\j\ ‘O‘\NH
a1 NN

»
HN 7 9 OLN\?;;O :
‘L&., N DIEA, DMSO, 120 °C. 2 h
o

{0482} To a solution of N~(2,6-dioxo-3-piperidyh-4-[3-[isopropyl{4-proeridylmethyDanuno]
cyclobutoxyibenzamide (70 rog, 0.14 ramol, 1 eq, hydrochlornide} and (VI), S-chloro-N-{4-(3-
chloro-4-cyano-phenoxy)eyclohexyijpyrazine-2-carboxamide (35 mg, 014 omol, 1 eg)
in dimethyisulfoxide (2 mwl) was added dusopropylethylamine (110 mg, 0.85 mmol, 6 eg}. The
mixture was stirred at 120 °C for 2 hours. LOCMS detected the desired MS. Water (50 mbL} was
poured into the muxture and stirred for 1 minute. The aqueous phase was extracted with ethyl
acetate {20 ml. x 3). The combined organic phase was washed with brine (20 mL x 2}, dried with
anhydrous sodium sulfate, filtered and concentrated m vacuum. The residue was purified by prep-
HPLC (column: Phenomenex Svnergi CI8 130%25%10um;mobile phase: [water{0.225%FA)-
ACN];BY%: 14%-44%,10min}. Compound N-[4-(3-chlorg-d-cyano- phenoxy)eycichexyl]-5-[4-

[H[3-{4-[(2,6~dioxo-3-piperidyDearbamoyl]phenoxyjeyclobutyi-isopropyl-amimoimethyi]-1-
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piperidyl]pyrazine-2-carboxanmide (34.4 mg, 0.03 mmol, 27% vield, 98% purity, formate} was
obtained as a vellow sohid.

[0483]  LCMS: MS (ESI) m/z: 8113 [M+1]"

{0484]  'H NMR: (400MHz, DMSO-ds)

[0483]  4- 10.82 (s, 1H), 8.62 - 8.54 (m, 2H), 8.23 (d, J=8.8 Hz, 2H), 8.04 (d, /=8.0 Hz, 1H),
7.89 - 7.75 (m, 3H), 7.36 (d, J=2.4 Hz, 1H), 7.12 (dd, /=2.4, 8.8 Hz, 1H), 6.88 (d, J=8 8 Hz, 7H),
479 -4.68 (m, ZH), 449 (d, /~12 4 Hz, 3H), 3.88-3.77 (m, 1H), 3.69-3.67 {m, 1H), 3.01 - 2.86
{m, 3H), 2.84 - 2.72 (m, 1H), 2.57 - 2.52 {m, 1H}, 2.38(d, ~13.8 Hz, 1H), 2.25(d, /=6.8 Hz, 2H),
221 -2.03 (m, 6H), 1.96(dd, /=4.0, 8.8 Hz, 1H), 1 92-1.82 (m, 4H), 1.76 - 1 41 (m, 5H), 1.13 -
0.98 (m, 2H), 0.92 (d, /=6.4 Hz, 6H)

0486} Chemical Formula: CasHs1Cl06Ns, Molecular Weight: 810.36

{0487} EXAMPLE 12 - SYNTHESIS OF COMPOUND 28

[0488] SCHEME 8, SUMMARY OF THE SYNTHESIS OF COMPOUNI 28.
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Preparation  of (1),

Boc. S
OC N /\N

To a solution of (I), methyl 6-chloropyridazine-3-carboxylate (500.00 mg, 2

DMSB0Q, DIEA

methyl  6-[4-[{1-tert-butoxycarbonyl-4-

-carboxvlate

N
{i

.80 mimol,

1.00 eqy 10 N N-dimethyHormaroide (6 ml.) was added potassiurn carbonate (1.00 g, 7.24 mmol,
2.50 eq) and tert-butyl 4-(piperazin-1-ylmethyl)pipenidine-1-carboxvlate (A, 903.26 mg, 3.19
nuuol, 1.10 eq). The mixture was stirred at §0 °C for 15 h. LCMS showed the desived MS was
found and methy] 6-chloropyridazine-3-carboxylate was consumed completely. The mixture was
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diluted with water (40 mL) and extracted with ethyl acetate {2 x 30 mL). The combined organic
phase was washed with saturated sodium chloride solution (20 mL}, dried over sodium sulfate and
concentrated under reduced pressure to give a vellow solid.  The solid was dissolved with a
solution of petroleum ether: ethyl acetate (5.1, 12 mL) and stirred for 0.5 h. Then the suspension
solution was filtered and the filter cake was dried under vacuum to give methyl 6-[4-{(1-tert-
butoxycarbonyi-4-piperidylymethylipiperazin-1-yljpyridazine-3-carboxylate (880.00 mg, 2.10
mmol, 72% vield) as a light yellow solid, which was used in next step directly.
6491} LCMS: MS (ESI m/z: 4202 [M+1] +
[0492] TH NMR: (400 MHz, CDCI3)
[0493] & 7.88 (d, J=0.6 Hz, 1H), 6.85 (d, J=9.6 Hz, 1H), 4.04 - 420 (m, 2H), 4.00 (s, 3H),
3.75 - 3.84 (m, 4H), 2.71 (¢, }=11.6 Hz, 2F), 2.53 (t, }=4.8 Hz, 4H), 2.23 (d, }=7.2 Hz, 2H), 1.76
(d, I=13.2 Hz, 2HD), 1.65 - 1.71 (m, 1H), 1 46 (s, 9F), 1.04 - 1.16 (m, 2H).
10494} Chemical Formula: C21H33N504, Molecular Weight: 419.52
[0495] Step 2. Prepartation of (111}, &-[4-[(1-tert-butoxycarbonyi-4-
piperidy hmethylipiperazio- L-ylpyridazine-3-carboxylic acid

Q O

NO/ LIOHHL0 ﬁ)‘kOH
P e o
BOC\N /’\N \N,N MeOH BOC\N (\N \N,N

{i} {11

{0496} To a solution of methyl 6-[4-[{1-tert-butoxycarbonyl-4-pipendylimethylipiperazin- 1-
vilpyridazine-3-carboxylate (880.00 mg, 2. 10 mmol, 1.00 eq} in methano! {10 mL} and water (3
ml} was added Hthium hydroxide (264.07 mg, 6.29 mmol, 3.00 eq) at 15 °C. The mixture was
stirred at 13 °C for 2.5 h. LCMS (EW10815-22-P1 A} showed the desired MS was found and
methyl 6-[4-[(1-tert-butoxycarbonyl-4-piperidvmethvl]piperazin-1-ylpyridazine-3-carboxylate
was consumed completely. The mixture was concentrated under vacuum (o give a vellow solid.
The sohid was dissolved with water (10 mL) and adjusted pH to 3 with hydrochloric acid solution
{1 M). Then the suspension solution was filtered. The filter cake was dried under vacuum to give
&-{4-{(1 <tert-butoxycarbonyl-4-piperidyimethylipiperazin-1-yl]pyridazine-3-carboxylic acid
{760.00 mg, 1.87 mmol, 89% yield) as a light vellow solid, which was used in next step directly.
10497} LCMS: MS (EST) nv/z: 406.1 [M+1] +.
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[0498] TH NMR: (400 MHz, DMSO-d6)

{84991 & 11.30(brs, 1H), 7.92(d, I=0.6 He, 1H}, 744 (d, }=9.2 Hz, 1H), 457 (d, J=13.2 Hz,
2H), 3.91 (d, F=11.6 Hz, 2H), 3.75 (1, }=12.0 Hz, ZH), 3.60(d, J=11.2 Hz, ZH), 3.10 (s, ZH)}, 3.01
{d, J=5.2 Hz, 2H}, 2.70 - 2.87 {m, 2H), 2.04 (d, J=10.4 Hz, 1H}, 1.87 {d, }=12.0 Hz, 2H)}, 1.39 (s,
9H), 1.00-1.15 {m, 2H).

{0506} Chemical Formula: C20H31 N304, Molecular Weight: 405.49

10561} Step 3. Preparation of {v) tert-butyl 4-{{4-[6-[(2,6-dioxn-3-

piperidyl}carbamoyljpyridazin-3-yllpiperazin-1-vljmethylipiperidine-1-carboxylate

- o

o] i " Q
- HQN/\\E{N" il ’(;1:
oo o, f\/‘m I
i i
Boc.,. AN E0CL HOBE DME 3
o Q\ I/\’f Ny EDCH, HOB DM Bocil\:»j\ (/\N - »
l AN '\\/ /N\/,«J
10362} i (v}

[08503] To a solutton of 6-[4-[(1-tert-butoxycarbonyl-4-piperidyDmethylipiperazin-i-
vipyridazine-3-carboxylic acid (200.00 mg, 493.23 umol, 1.00 egq) in N N-dimethylformamide (3
mb}) were added hydroxybenzotriazole (86.64 mg, 64120 wumol, 130 eg), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiinude hydrochionde (122.92 g, 641.20 umol, 1.30 eq),
disopropylethylanune (254,99 mg, 1.97 ramol, 343.65 ul., 400 eq), 3-ammopiperidine-2,6-
dione;hydrochloride (97.42 mg, 591.88 umol, 1. 20 eg) at 15 °C. The muxture was stured at 15 °C
for 16 h. LCMS (EW10815-25-P1(2) showed the reaction was completed. The mixture was
diluted with water (10 mL) and extracted with ethyl acetate (2 x 5 mL). The combined organic
phases were washed with brine {10 mlL), dried over sodiurn sulfate and concentrated under vacunm
to give a residue. The residue was purified by prep-thin layer chromatography (dichloromethane:
methanol = 10 1) to give tert-butyl 4-[[4-[6-[(2,6-dioxo-3-pipentdylicarbamoylpyridazin-3-
vlipiperazin-1-yijmethylpiperidine-1-carboxylate (200.00 mg, 387.89 umol, 79% yield) as a light
vellow oil.

{0504]  LOMS: MS (ESI) m/z: 516.3 [M+1] +

0505} Step 4. Preparation of {V), N-(2,6-dioxo-3-piperidy }-6-{4-(4-

piperidylmethylpiperazin-1-yljpyridazine-3-carboxamide
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10506} To a solation of tert-butyl 4-{[4-[6-[(2,6-dioxo-3-pipendylicarbamoyllpyridazin-3-
viipiperazin-1-yijmethylipipenidine-1-carboxyiate (200.00 mg, 38789 umol, 1.00 eg) in
dichloromethane (2 mL) was added hydrochlornide / dioxane (4 M, 2 mlb, 20.62 eq)at 15 °C. The
mixture was stirred at 15 °C for 2 h. Thin layer chromatography {dichloromethane: Methanol =
10: 1} showed tert-butyl 4-{[4-[6-1(2,6-dioxo-3-piperidylycarbamoylfpyridazin-3-ylipiperazin-1-
vijmethyljpiperidine-1-carboxylate was consumed completely and a main point was found. The
muixture was concentrated under vacuum  to  give N-(2,6-dioxo-3-piperidyi)-6-f4-(4-
piperidylmethy Dpiperazin-1-yijpyridazine-3-carboxamde {160.00 rog, 354.02 umol, 91% vyield,
hvdrochloride salt) as a light yellow solid, which was confirmoed by LCMS (EW10815-27-P1C2)
and NMR.
[0507]  LOMS: MS (EST) m/z: 434.3 [M+19] +
[0508] TH NMR: (400 MHz, DMSO-d6)
[0509] SO 1140 (brs, TH), 1086 (5, 1H), 9.16(br d, J=8.4 He, 1H), 8.86 - 9.08 (m, 1H), 7.97
(d, 7=9.6 Hz, 1TL), 7.55 (d, J=9.6 Hz, 1H), 4.81 - 4.87 (m, 2H), 4.55 (d, J=13.6 Hz, 2H), 3.75 {1,
J=12.4 Hz, 2H), 3.64 (4, J=11.6 Hz, 2H), 3.25(d, 3=12.4 Hz, 2H), 3.02-3.18 (m, 4H)}, 2.76 - 2.87
{m, 3H}, 2.14 - 2.29 (m, 2H}, 1.94 - 2.09 (m, 3H), 1.40 ~ 1.55 {m, 2H).
(6510} Chemical Formula: C20H29N703, Molecular Weight: 41519
{8511} Total H count from HNMR data: 30,
(6512} Step 5. Preparation of Compound 28, N-[4-(3-chloro-4-cyano-phenoxy)oyclohexyl]-6-
[4-{[4-[6-[(2,6-dioxo-3-pipenidy Dearbamoylipyndazin-3-viipiperazin-1-ylimethyi}-1-

piperidyl]pyridazine-3-carboxamide
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{0513 To a solution of N-(26-dioxo-3-piperidyh-6-[4-{(4-piperidylmethypiperazin-1-
vllpvridazine-3-carboxamide {100.00 mg, 221.26 umol, 1.00 ¢g, hydrochloride salt} in dimethyl
sulfoxide (2 mL) was added ditsopropylethylamine (114.39 mg, 885.06 umol, 154.16 ul, 4.00 eg)
and 6-chloro-N-{4-(3-chloro-4-cyano-phenoxy jcvelohexylipyridazine-3-carboxamide (B, 100.00
g, 235,59 umol, 1.16 eg) at 100 °C. The mixture was stirred at 100 °C for 16 b, LCMS showed
the reaction was completed. The muxture was filtered. The filtrate was purified by prep-HPLC
{colunmu: Phenomenex Synergt CIR 15025 10um;mobile phase: [water(0.225%FA)-ACN]BY%:
18%-48%,10mun) to give N-{4-(3-chioro-4-cyano-phenoxyicyclohexyi}-6-{4-[{4-[6-[(2,6~-dioxo-
J-piperidylicarbamovtjpynidanin-3-yljpiperazin- 1-ymethyi]- 1 -piperidyljpyridazine-3-
carboxamide (25.70 mg, 31 .17 umol, 14% yield, 99% punity, forroate) as a brown solid, which was
confirmed by 1H NMR and QC-LCMS

[0514]  QC-LCMS: MS (BSI) m/z: 770.2 [M+1] +

10515]  1H NMR: (400 MHz, DMSO-d6)

[0516] & 10.83 {brs, 1H}, 9.08 (d, J=8.4 Hz, 1H), 856 (d, J=8.4 Hz, 1H), 830 {s, 1H), 7.8¢6
{dd, J=9.6, 4 0 He, 2H}, 780 (d, J=0.6 Hz, TH), 731 - 739 (m, 3H), 7.13 (dd, }=8.8, 2.4 Hz, 1H),
471 - 489 {m, 1H), 445 -4.59 (m,3 H), 3.80-3.92 {(m, 1H}, 3.69 - 3.76 {m, 4H}, 3.44 - 3.58 {m,
4T, 2.97 - 3.10 {m, 28D, 2.73 - 2.86 (m, 1), 2.53 - 2.58 (m, 1FI), 2.18 - 2.25(m, 3H), 2.11 (4,
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39,6 Hz, 2H), 1.97 - 2.04 {m, 1H), 1.83 - 1.96 (m, SH), 1.58 - 1.69 (m, 2H), 1.46 - 1.58 (m, 2H),
1.07 - 1.21 {m, 2H).
0517} Chemical Formula: CagHaaCINROs, Molecular Weight: 770.28

10518} EXAMPLE 13 — SYNTHESIS OF 5-[4-[[1-[4-[{3-(4-CYANC-3, 5-DIMETHYL-PHENOX Y }-2,2,4,4-
TETRAMETHYL-CYCLOBUTYL]CARBAMOYL [PHENYL }-4-PIPERIDYL JMETHYL JPIPERAZIN-1-YL]}-N-
[(35)-2,6-DIOXO-3-PIPERIDYL [PYRAZINE-2-CARBOXAMIDE (COMPOUND 33}

{8519} SCHEME 8. SUMMARY OF THE SYNTHESIS OF COMPOUND 3

v ek’ o
g /r\ jk,\

\//‘

- el
HeE \fl
™y N

G, - el
., o, _l/ o /\V
N, /\ ery /i- ) i f//\F/ ‘/ 1 J 7
N A N I NN
//—[\ / /”]/\h /K/\\ r;,,\l. J\OH 5 , /4‘/ \// % L\L /L T q
é T " ~. /\\ EOCH, HOBH, NMM, DMF N / . . \“\N/
R 20°C28

N SN
\,/\\/\ ~

{0528] Step 1. Preparation of Methyl-5-(4-((1-(4-({(1r,31}-3-(4-cvano-3~-methoxyphenoxy)-
2,2.4,4-tetramethyleyclobuty hearbamoyipheny Dpiperidin-d-yDmethylpiperazin-1 -y pyrazine-

2-carboxylate

o) -
9 =Y 4)‘& \(\ //W iy ,JOL N j\
I B R o e
~ O $ i o N7 i
/\‘Q’J\\N’H NN P Nf’\. r/‘\N/ \N,
HN /| TEA NaBH{ACC), DM, DMF 30°C, 13 h K/J\/N\/J

Hl
{0521} To a solution of methyl S-piperazin-1-ylpyrazine-2-carboxylate (159 mg, 0.61 mmol, 1.00
eq, hydrochloric acid} in dichloromethane {2 mi} and dimethylformanmide (1 mL) was added
triethylamine (62 mg, 0.61 mmol, 1.00 eq), acetic acid (36 mg, 0.615 mmol, 1.00 eq) and N-{3-(4-
cyano-3,5-dimethyl-phenoxy}-2,2,4, 4-tetramethyi-cyclobutyl}-4-{4-formyl-1-

piperidyl}benzamide (300 mg, 0.61 mmol, 1.00 eq). The mixture was stirred at 30 °C for 12 h
Then to the mixture was added sodium borohydride acetate (260 mg, 1.23 mmol, 2.00 eg). The
mixture was stirred at 30 °C for 1 h. LCMS showed that the reaction was completed. The reaction

was added water (50 mL) and extracted with dichloromethane (30 mL x 3}, The organic laver was
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dried over sodium sulfate and concentrated under reduced pressure to give the residue. The residue
was purified with preparative HPLC {(column: Waters Xbridge C18 150%50mm* 10um;mobile
phase: {water {0.05% ammonia hydroxide v/v}-ACNEB%: 58%-88%,11.5min} to give methyl 5-
[4-{{1-{4-{{3-{d-cyanco-3,5-dimethyi-phenoxy)-2,2 4, 4-tetramethyl-
cyclobutyljcarbamoyliphenyl}-4-piperidyimethyljpiperazin-1-ylipyrazine-2-carboxylate (300
mg, ¢.43 mmol, 70% yield) as a vellow sohid.

j0522] MS (ESI) m/z; 694.4 [M+1]7.

{6523} Chemical Formula: CaoHs1N7O4, Molecular Weight: 693 88

[0524] Step 2:  Preparation of S-{4-{((1-(4-{({(1r,31r)}-3-(4-cyano-3,5-dimethyiphenoxy}-2,2.4,4-
tetramethylcyclobutylicarbamoyliphenypiperidin-4-ylymethypiperazin-1-yhpyrazine-2-
carboxylic acid

O

2 Jf \

i \«4 ~, L
\[ ~ N A - F \Q PN
- i ‘ < NaOH /\/ /‘/ \,L oy on
) LT e e
~ ] 5/ \]’ N THE MeGH, N
l\\/ N 50°C,12 k

[8528] To a solution of methyl 5-[4-[{1-[4-[[3-(4-cyano-3,5-dimethyl-phenoxy}-2,2,4,4-

\\/A\/ N

tetramethyi-cyclobutyljcarbamoyliphenyii-4-pipenidylimethylipiperazin-1-ylpyrazine-2-
carboxyiate (300 mg, 0.43 mmol, 1.00 eq) n tetrahydrofuran (S ml.), methanol (5 mL.) and water
{5 ml.} was added sodium hydroxide (138 mg, 3.46 mmol, 8.00 eg). The muxture was stirred at
50 °C for 12 b LOMBS showed that the reaction was completed. The mixture was adjusted with
difated hydrochloric acid (4 M) to pH = 5 and filtered to give a white solid. The white solid was
further purified with preparative HPLC (column: Waters Xbridge C18 150%50mm* 10um;mobile
phase: [water{10mM NH4AHCO3)-ACN]B%: 33%-63%,11.5min} to give 3-[4-[[1-[4-{[3-(4-
cyano-3,5-dimethyl-phenoxy}-2,2 4, 4-tetramethyi-cyclobutylicarbamoyljphenyli-4-
piperidyljmethyl]piperazin-1-yljpyrazine-2-carboxylic acid {200 mg, 6.27 mmol, 64% yield,
hydrochloric acid) as a white solid.

[0526] MS (ESI) m/z: 678.4 [M-1]".

{0527} Chemical Formula: CaeHaoNsGs, Molecular Weight: 679.85
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10528} Step 3: Preparation of 5-(4-{((1-{4-{{{1r,3r}-3-{4-cyano-3 5-dimethyiphenoxy}-2,2.4,4-
tetramethylcyclobutylycarbamoyphenylipiperidin-d-ylymethy Dpiperazin-1-y1}-N-{{8}-2,6-

dioxepiperidin-3-yhpyrazine-2-carboxamide, Compound 33

\v/;\ A,
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[9529] To a solution of 5-[4-[[1-[4-[[3-(d-cvano-3,5-dimethyl-phenoxy}-2,2,4, 4-tetramethyl-
cyclobutylicarbamoyi]phenyl}-4-piperidylmethylipiperazin- 1-yljpyrazine-2-carboxylic acid
{100 mg, 0.14 mmol, 1.00 eq, hydrochloric acid} in dimethylformamide (2 mb) was added 4-
methylmorpholine (74 mg, 0.73 mmol, 5.00 eq), hvdroxybenzotriazole (23 mg, 0.17 mmel, 1.20
eq), 3-{ethyliminomethyleneamino}-N,N-dimethyl-propan-1-amine;hydrochloride (33 mg, 0.17
mmol, 1.20 eq) and (38)-3-aminopiperidine-2, 6-dione (36 mg, 0.22 mmol, 1.50 eq, hydrochloric
acid). The muxture was stured at 20 °C for 12 h. LEMS showed that the reaction was completed.
The nuxture was added dichloromethane (20 ml) and water (20 mL). The mixture was extracted
with dichloromethane (20 mL x 3}, The organic layer was dried over sodiam sulfate and
concentrated under reduced pressure to give the residue. The residue was purified with preparative
HPLC {coluron: Shum-pack C18 150*25%10um;mobile phase: [water{0.225%FA}-ACN],B%:
25%-55%,10min} to give 5-[4-[[1-[4-[[3-(4-cyano-3,5-dimethyl-phenoxy)-2,2,4,4-tetramethyl-
cyclobutyljcarbamoviiphenylj-4-piperidyljmethylipiperazin-1-v1}-N-{{38}-2,6-dioxo-3~
piperidyllpyrazine-2~-carboxamide (52.7 mg, 62.41 umol, 42.43% yield, 99% purity, formate salt)
as a white sohd

[0530] MS (EST) mv/z 790.5 {M+1]7

{0531} 'H NMR: (400 MHz, DMSO-de)

[0532] & 10.86 (s, 1H), 8.70 - 8.59 {m, 2H), 8.32 (s, 1H), 7.75 (d, J = & 8 Hz, 21}, 7.49(d, I =92
Hz, 1H), 6.97 (d, § = 9.2 Hz, 2H), 6.74 (s, 2F), 4.81 - 4.68 (m, 1H), 4.23 (s, 1F), 4.04 (d, § = 9.2
Hz, 1H), 3.87 (br d, J = 13.2 Hz, 2H), 3.73 (br s, 5H), 2.87 - 2.73 (m, 3H), 2.56 - 2.53 {m, 4H),
244 (s, 6H}, 2.25 - 217 (m, 3H}, 1.99{br d, 1 =124 Hz, 1H), 1.83 (brd, I = 11.6 Hz, 3H}, 1.23
(s, 8H), 1.13 (s, 6H).

{0533} Chemical Formula: CaHssNoQOs, Molecular Weight: 789.96

{8534} Total H count from HNMR data: 55.
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{0535] EXAMPLE 14 — SYNTHESIS OF 4-[3-]9-[4-[{3-(4-CYANO-3-METHOXY-PHENOXY)-2,2, 4 4~
TETRAMETHYL-CYCLOBUTYLCARBAMOYLIPHENYL]-1-OXA-4,9-DIAZASPIRO| 5. SJUNDECAN-4-
YLJCYCLOBUTOXY |-N-{{38}-2,6-DIOXC-3-PIPERIDYL |- 2-METHOX Y -BENZAMIDE (COMPOUND 34}
{0536} SCHEME 9. SUMMARY OF THE SYNTHESIS OF COMPOUND 34
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{9537} Step 1. Preparation of Methyl-4-[3-[9-[4-[{3-(4-cvano-3-methoxy-phenoxy)-2,2.4,4-
tetramethyi-cyclobutyl]carbamoyl}phenvl]-1-oxa-4,9-diazaspiro[ 3 Slundecan-4-yljcyclobutoxy]-

2-methoxy-benzoate

o]

==
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[0538] To a nuxture of 4-[4-[3-(3-methoxy-4-methoxycarbonyl-phenoxyleyelobutyl]-1-oxa-4,9-
diazaspirof 5. Sjundecan-9-yllbenzowcacid (250 mg, 0.49 mmol, 1.00 eq) and triethylarmine (248
mg, 245 mmol, 034 ml, 500 eg) w N N-dimethylformamide (4 ml) was added 3-
{ethyhiminomethyleneamino}-N,N-dimethyi-propan-t-amine hvdrochloride (113 mg, 0.59 mmol,
1.20 eq), hydroxybenzotriazole {79 mg, 0.59 mamol, 1.20 eq) and 4-(3-ammo-2,2,4 4-tetramethyl-
cyclobutoxy)-2-methoxy-benzonitrile {134 mg, 0.49 mmol, 1.00 eq, hydrochloric acid). The
mixture was stirred at 25 °C for 12 h. LCMS showed the reaction was finished. The reaction
mixture was filtered and the filtrate was directly purnified by preparative HPLC (Columu
Phenomenex lona C18 150%40mm™ 15um, Condition:water {0.225%FA 3-ACN) to give methyl 4-
[3-[9-[4-[[3-{4-cvano-3-methoxy-phenoxy}-2,2,4 4-tetramethyi-cyclobutyl jearbamoviiphenyii-1-
oxa-4,9-diazaspiro] 3. 5 jundecan-4-yijcyclobutoxyj-2-methoxy-benzoate (180 mg, 023 mmol,
48% yield) as a light yellow solid.

[053%] MS (ESD mv/z: 767.6 {M+117
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10540} Chemical Formula: CasHsaNaOz Molecular Weight: 766.92

{0541} Step 2 Preparation of 4-{3-[9-[4-[[3-(4-cyano-3-methoxy-phenoxy)-2,2,4, 4-tetramethyl-
cyclobutyljcarbamoyljphenyl}-1-oxa-4,9-diazaspiro[ 5. Sjundecan-4-vijcy clobutoxy]-Z-methoxy-

benzoic acid

i} 1 i A
S K /L\/‘\\ N T N Y
&Y TS 5 2 T .
N SN [t \i/‘\\ VI —— o Sy e A l/‘\\
) Lo g ' ' Aot 5
o e e Lo
Qe A (e A
'~ o, G, ©

{0542} To a mixture of methyl 4-[3-[9-[4-[[3-(4-cyano-3-methoxy-phenoxy)-2, 2,4 4-tetramethyl-
cyclobutylicarbamoyl]phenyl}-1-oxa-4 9-diazaspiro[ 5. Sfundecan-4-vi]cyclobutoxy}-2-methoxy-
benzoate (180 mg, 0.23 mmol, 1.00 eq} in methanol (2 mL), water (2 mL) and tetrahydrofuran (2
mb} was added sodium hydroxide {47 mg, 1.17 mmol, 500 eq). The mixture was stirred at 50 °C
for 12 h. LCMS showed the reaction was finished. Then the reaction mixture was concentrated
under reduced pressure to give the residue. The residue was adjust pH=6 with hydrochlonic acid
{1 M}. Then the mixture was filtered. The filtered cake was dried under reduced pressure to give
4-{3-19-[4-[[3~{4-cyano-3-ruethoxy-phenoxy}-2,2. 4, 4-tetramethyl-cyclobuty l]
carbamoylphenyli}-1-oxa-4,9-diazaspiro{5. 5 jundecan-4-ylcyclobutoxy - 2-rethoxy-benzoic

acid {160 mg, 0.21 mamol, 91% yield) as a white sohd.

[0543] MR (ESD oz 753.2 [M+117

{0544} Chemical Formula: CasHszNaOs Molecular Weight: 752.89

{0545} Step 3. Preparation of 4-[3-[9-[4-[[3-(4-cvano-3-methoxy-phenoxy)-2,2,4,4-tetramethyl-
cyclobutylcarbamoyliphenyll-1-oxa-4,9-diazaspiro| 5. S jundecan-4-yljcy clobutoxy - N-{(35)-2,6-

dioxoe-3-piperidyl |-2-methoxy-benzamideCompound 34

[0546]
ok X
‘,,J’\\,L‘ ./\,"A"N‘JL\,./’\ Yy
W ]/ ' H i N NNy L o~
O NP N, Y NN
LA™ K on LA™
A~ LA 0,
~ O Exornple 24

{85471 To  a solution  of4-{3-[9-[4-[[3-(4-cyano-3-methoxy-phenoxy i-2,2,4, 4-tetramethyl-
cyclobutyljcarbamoviiphenyl}-1-oxa-4 9-diazaspirof 5. 5 jundecan-4-yiicyclobutoxy}-2-methoxy-

benzole acid (160 mg, 0.21 mmel, 1.00 eq) in N N-dimethylformamide {4 mL} was added 4-
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methylmorpholine (107 mg, 1.06 mmol, 0.12 mL, 5.00 eq}, hydroxybenzotriazole (34 mg, 0.26
mmol, 1.20 eg), 3-(ethyhmmomethyleneamine)-N N-dimethyl-propan-1-amine; hydrochloride (49
mg, 0.26 mmol, 1.20 eq) and (38}-3-aminopiperidine-2,6-dione {70 mg, 0.43 mmol, 2 eq,
hydrochloric acid). The mixture was stirred at 25 °C for @ h. LOMS showed the reaction was
finished. The reaction mixture was filtered. The filtrate was direcily purified by preparative HPLC
{Column: Phenomenex luna C18 150%40mm* 15um, Condition:water (0.225%FAY-ACN]} to give
4-{3-19-14-{[3-(4-cyano-3-methoxy-phenoxy}-2.2, 4, 4-tetramethyl-cyclobutyljcarbamoyijphenyi}-
1-oxa-4,9-diazaspiro[ 5. Sjundecan-4-vljcyclobutoxy]-N-{(35)-2,6-dioxo-3-piperidyi]-2-methoxy-
benzamide (130.0 mg, 0.15 mimol,70% yield, 99% purity) as a off-white solid.

[0548] MS (ESD) m/z: 863.3 [M+11".

[0549] 'H NMR: (400 MHz, DMSO-ds)

[0556] & 10.88 (5, 1H}, §48 (d, J=6.8 Hz, 1H), 7.86 {d, =88 Hz, 1H), 7.75 {d, J=9.2 Hz, ZH),
7.65 (d, J=8.8 Hz, 1H), 7.50 (d, J=9.2 Hz, 1H), 6.98 (d, }=9.2 Hz, 2H), 6.64 (d, J=2.0 Hz, 1H),
6.57-6.49 {m, 3H), 492-4.80 (m, 1H), 4.76-4.67 {m, 1H), 431-4.27 (m, 1H), 4.09-4.02 {m, 1H),
3.91 (s, 6H), 3.72-3.66 (m, 2H), 3.55-3.47 (m, ZH), 3.22-3.10 (1o, 3H), 2.95-2.70 (o, 3H), 2.43-
2.37 (o, 2H), 2.30-2.25 (m, 1H), 221-2.07(m, 6H), 1.97-1.88 {m, 2H), 1.69-1.59 (1o, 2H), 1.23 (5,
6H), 1.15 (s, 6H).

{9551} Chemical Fornwla: CasHssNeGo, Molecular Weight: 863.01

[8552] EXAMPLE 15 — SYNTHESIS OF 4-[3-[9-[4-[{3-(4-CYANO-3,5-DIMETHYL-PHENOXY }-2,2, 4 4~
TETRAMETHYL-CYCLOBU TY’L} CARB AMOYL]‘PH ENYL} ~1-OXA-4,5-DIAZA SP]RO[ 5. 5} UNDECAN-4-
YLICYCLOBUTONY-N-{(38}-2,6-DIIX0-3-PIPERIDYL}-2-METHON Y-BENZAMIDE (COMPOUND 35)

[0553] SCHEME 10. SUMMARY OF TRE SYNTHESIS OF COMPOUND 35
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[08554] Step 1: Preparation of Methyl 4-benzyioxy-2-hydroxy-benzoate
HO O
\L/( BrEr i,coy  B° L\
Ol T RPN
CHLONECT H H
12h OH o

[8355] To a solution of methy] 2 4-dihydroxybenzoate (1.00 g, 5.95 mmol, 1.00 eq) and potassium
carbonate {1.64 g, 11.89 mmol, 2.00 eq) in acetonitrile {20 mL) was added benzyl bromide {1.02
g, 5.95 mmol, 0.7 mL, 1.00 eq). The mixture was stirred at &80 °C for 12 h under nitrogen
atmosphere. LCMS showed that the reaction was finished. The mixture was filtered. The filtrate
was concentrated under reduced pressure to give the residue. The crude product was triturated
with {petroleam ether: ethyl acetate = 25:1, 20 mL} at 25 °C for 0.5 h. The mixtare was filtered.
The filtered cake was collected and dried under reduced pressure to give methyl 4d-benzyloxy-2-
hydroxy-benzoate (1.00 g, 3.87 mmol, 65% vield) as white solid, which was used n next step
direcily.

10586] MS (ESD mv/z: 259.1 {M+117
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10557} HNMR: (400MHz, CDCLS = 1098 (brs, TH), 7.77(d, = 8.4 Hz, 1H}, 7.50-7.34 {m, 5H),
6.59-6.52 (m, 2H), 5.11 (s, 2H), 3.94 (s, 3H).
{0558} Chemical Formula: CisHiaO4 Molecular Weight: 258.27

10559} Step 2: Preparation of Methy! 4-benzyloxy-2-methoxy-benzoate

NS S
: Wi\ K,C04, Ml { A 6
Q. manmmssnssssnnseencBor NN
¥ Y owE zsC e
oH O h o 0

{9566} To a mixture of methyl 4-benzyloxy-2-hydroxy-benzoate (1.00 g, 3.87 mmol, 1.00 eq} and
potassium carbonate (1.61 g, 11.62 mmol, 3.00 eq) in N, N-dimethylformamide (10 mL) was added
methyl 1odide (1.28 g, 9.02 mmol, 0.56 mb, 2.33 eq} at 25 °C. The mixture was stirred at 25 °C
for 3 h. LCMS showed the reaction was finushed. The mixture was diluted with ethyl acetate (50
tol. x 3) and washed with water (30 mL). The organic lavers was combined, dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure to give the crude product. The
crude product was triturated with (petroleum ether: ethyl acetate =10:1, 20 mLy at 25 °C for 0.5 h
The mixture was filtered. The filtered cake was collected and dried under reduced pressure to give
methy] 4-benzyloxy-2-methoxy-benzoate (0.80 g, 2.94 mmol, 76% yield) as a white solid.

[0561] MS (ESD nvz: 273.1 [M+1]7.

10562} HNMR: (400MHz, CDCI)S = 7.88 (d, J = 4.0 Hz, 1H}, 7.50-7.33 (m, $H), 6.61-6.50 {m,
2H), 5.13 (s, 2H), 3.87-3.82 (m, 6H).

18563} Chemical Formula: CieHis04 Molecular Weight: 272.30

{0564} Step 3: Preparation of Methyl 4-hydroxy-2-methoxy-benzoate

-
! /j o, PUC K (15Ps)
A | e
Y MeOH, 25°C

4. © 12h

O HO

B

{8563} To a solution of methyl 4-benzyloxy-2-methoxy-benzoate {0.80 g, 2.94 mmol, 1.00 eq) in
methanof (10 mL) was added palladium carbon (10%, 0.30 g} under mitrogen atmosphere. The
suspension was degassed and purged with hydrogen for 3 times. The mixture was stirred under
hydrogen atmosphere (15 Psi} at 25 °C for 12 h. Thin layer chromatography {petroleum ether:

ethyl acetate = 3:1} showed the reaction was finished. The mixture was filtered. The filtrate was
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concentrated under reduced pressure to give methy! 4-hydroxy-2-methoxy-benzoate (0.51 g, 2.82
mmol, 96% yield) as a white solid, which was used in next step directly.

0566} Chemical Formula: CsHio(4 Molecular Weight: 182.17

{05671 HNMR: (400MHz, CDCRYS = 7.81 {d, ] = 8.4 Hz, 1H), 6.52-6.48 {m, ZH), 3.88 (s, 3H),
3.84 (s, 3H).

[0568] Step 4: Preparation of rers-Butyl 1-oxa-4,9-diazaspiro[5 . 5jundecane-O-carboxylate

BOTw Bocy
'“ PaiC hz (50Psi,) f

J\ - -~
\Lﬁ MeQH, 50°C, 12h L‘/G\/)NH

{9569 To a nuxture of  4-benzyl-9-tert-butyl-1-oxa-4,9-diazaspiro[ 3. Sjundecane-4,%-
dicarboxylate (2.00 g, 5.12 mumol, 1.00 eq) in methanol (100 mL} was added paliadium carbon
{0.40 g, 10% purity) under nitrogen atmosphere. The suspension was degassed and purged with
hyvdrogen for 3 times. The mixture was stirred under hydrogen atmosphere (5C Psi) at 50 °C for
12 b Thin layer chromatography {petroleurn ether: ethyl acetate = 3:1) showed that the reaction
was finished. Then the reaction mixture was filtered. The filtrate was concentrated under reduce
pressure o give tert-butyl 1-oxa-~4,9-diazaspiro[S. 5jundecane-9-carboxylate (1,10 g, 4.29 mmol,
84%% yield) as hight yvellow oil, which was used in next step divectly.

10576} Chemical Formula: CisHaaNo0Oz Molecular Weight: 25634

18571} HNMR: (400MHz, DMSO-de)d = 3.62-3.40 (m, 6H), 3.08-2.93 (m, 2ZH), 2.72-2.58 (m,
2H), 1.88-1.72 (m., 2H),1.39 (5, 9H), 1.35-1.22 (m, 24,

[8572] Step 5. Preparation of Methyl 4-(3-benzyloxyeyclobutoxy -2-methoxy-benzoate

(OH i \TQ\W
§ |
& PPhy DIAD, THE
C% 3 Bn

Bn 25°C, 12h

0573} To a solution of methyl 4-hydroxy-2-methoxy-benzoate {1.40 g, 7.69 mmol, 1.00 eg), 3-

benzvloxyeyclobutanoi {1.51 g, 8.45 mmol, 1.10 eq} and iriphenviphosphine (3.02 g, 11.53 mmol,

(S
<
)
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1.50 eq) in tetrahydrofuran {15 mL) was added dusopropyl azodiformate (1.86 g, 9.22 mmol, 1.79
mi, 1.20 eq) at © °C. The mixture was stirred at 25 °C for 12 h under nitrogen atmosphere. LOMS
showed the reaction was finished. The reaction mixture was concentrated under reduced pressure.
The residue was purified by column chromatography on silica gel (petroleum ether/ ethyl acetate
= 20/1 to 5/1) to give methyl 4-(3-benzyloxycyclobutoxy }-2-methoxy-benzoate {(2.00 g, 5.84
mmol, 76% vield) as a yellow oil.

{0574} Chemical Formula: CoH2»0Os Molecular Weight: 342.39

[08758] LOMS: MS (ESI) m/z: 343.2 [M+1]7

10876} Step 6: Preparation of Methy! 4-(3-hydroxycyclobutoxy)-2-methoxy-benzoate
"\7“\0\}‘/’%5
L4

Rﬁ LI LA

{9577} To a mixture of methyl 4-(3-benzyloxyeyclobutoxy)-2-methoxy-benzoate {5.00 g, 14.60

mmol, 1.00 eq) m methano! (S0 mL) was added palladium carbon (0.50 g, 10% punity) under
nitrogen atmosphere. The suspension was degassed and purged with hydrogen for 3 times. The
nuxture was stirred under hvdrogen atmosphere (50 Psi) at 30 °C for 12 h. Thin layer
chromatography (petroleam ether: ethyl acetate=3:1) showed the reaction was finished. Then the
reaction mixture was filtered. The filtrate was concentrated under reduced pressure to give methyl
4-(3-hydroxycyclobutoxy}-2-methoxy-benzoate (2.70 g, 10.70 mmol, 73% vield) as a white solid.
[8578] HNMR: (400MHz, CDCL:)o =782 (d, =88 Hz, 1H}, 643 (d, } = 2.4 Hz, TH), 6.37 (dd,
= 8.8, 2.4 Hz, 1H), 4.33-4.10 {m, 2H), 3.88 (s, 3H), 3.86 (s, 3H), 2.99-2.95 (m, 2H), 2.17-2.03
{m, 2H), 1.61 (brs, 1H).

{0879} Chemical Formula: CisHisOs Molecular Weight: 252,26

{6580} Step 7 Preparation of Methyi 2-methoxy-4-[3-
(trifiuommﬁthyisuifony}oxy}cvcleb utoxy}benzoate

’j THRO Py, CHCl L
O =S 0 O,

0-28°C, 1h

Q""“

204



WO 2021/127443 PCT/US2020/066021

10581} To a mixture of methyl 4-(3-hydroxycyclobutoxy}-2-methoxy-benzoate (2.50 g, 9.91
mmol, 1.00 eq) and pynidine (1.57 g, 19.82 mmol, 1.60 mi,, 2.00 eq} in dichloromethane (50 mL)
was added triftuoromethane anhydride (3.36 g, 11.89 mmol, 1.96 mL, 1.2 eq} at ¢ °C under
nitrogen. The mixture was stirred at 25°C for 1 b, Thin layer chromatography (petroleum ether:
ethyl acetate=3:1) showed the reaction was finished. To the mixture was added water {200 mL)
and extracted with dichloromethane (50 mL x 3). The organic layers were combined, dried over
anhvdrous sodium sulfate, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by column chromatography on silica gel {petroleum ether: ethyl acetate=3:1)
to give methy] 2-methoxy-4-[3-(tnifluoromethylsulfonyloxyjcvelobutoxyibenzoate (3.00 g, 7.81
mmol, 79% yield) as a yellow solid.

10582} HNMR: {(400MHz, DMSO-da}3=7.70(d, ] =88 Hz, 1H), 6.54 (d, J =20 Hz, 1H), 6.49
(dd, T = 8.8, 2.4 Hz, 1H), 5.24-5.21 (m, 1H), 5.05-5.02 (m, 1H), 3.81 (s, 3T), 3.74 (s, 3H), 2.81-
2.76 (m, 2H), 2.65-2.55 (m, 2H).

{0583} Chemical Formula: CuaHisF3078 Molecular Weight: 384.32

{0584} Step &: Preparation of  tert-Butyl 4-[3-(3~-methoxy-4-methoxycarbonyl-

phenoxyicyelobutyll-1-oxa-4,9-diazaspiro[ S. 5 fundecane-9-carboxylate

SUC‘N/‘«
l\;lf'\w
/‘\"\\O\:’Aﬁ DA Bﬁ‘—N o~ /\T.\O\Y/Q§=
T{()\"L.\'/ lj\ ,ﬁi\\ ,O-\ R K/A/,\N’{LJ iJ\ ,/“E ro\
B Al i DIPEA, CHyCN ] T/\[(
oL © 70°C, 12h Onr oL ©

{0585} To a solution of tert-butyl 1-oxa-4,9-diazaspirof 5. 5 jundecane-9-carboxylate {(1.00 g, 3.90
mmol, .00 eg) i acetonitrile (36 ml) was added wmwethyl Z-methoxy-4-{3-
(riffuoromethylsulfonyloxyjeyclobutoxybenzoate (150 g, 390 mmol, 1.00 eq) and
diisopropylethylamine (2.52 g, 19.51 mmol, 3.40 mi, 5.00 eq). The reaction mixture was stirred
at 70 °C for 12 h. LCMS showed the reaction was fimshed. Then the reaction mixture was
concentrated under reduce pressure to give the residue. The residue was purified by column
chromatography on silica gel (petroleum ether: ethyl acetate = 3:1) to give tert-butyl 4-{3-(3-
methoxy-4-methoxycarbonyl-phenoxyeyclobutyl]-1-oxa-4,9-diazaspiro] 5. Sjundecane-9-
carboxylate (1.50 g, 3.06 mmol, 78% yield} as a yellow oil.

{0586] LOMS: MS (ESI) m/z 451.4 [M+1]".
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10587} HNMR: (400MHz, DMSQO-de}d = 7.68 (d, ] =88 Hz, 1H), 6.52(d, J = 2.0 Hz, 1H}, 6.44
(dd, Y= 8.4, 2.4 Hz, 1H), 4.88-4.78 (m, 1H), 3.80 (s, 3H), 3.74 (s, 3H), 3.68-3.54 (m, 4H), 3.12-
2.96 (m, 2H), 2.89-2.79 (m, 1H), 2.71-2.63 (m, 1H), 2.46-2.34 (m, 2H), 2.32-2.22 (m, ZH), 2.20-
2.09 (m, 3H), 1.85-1.77 {m, 2H), 1.49-1.41 {m, 2H), 1.40 (s, 9H).

{0588} Chemical Formula: CiHisNyO7 Molecular Weight: 490.59

{0589} Step 9. Preparation of Methyl 2-methoxy-4-[3-(1-oxa-4,9-diazaspirof5 Sjundecan-4-
vilcvclobutoxylbenzoate

a0
B"C?id/\\ [ i

[8598] To a mixture of tert-butyl 4-{3-(3-methoxy-4-methoxycarbonyi-phenoxyjevclobutyl]-1-
oxa-~4,9-diazaspiro[ 5. 5jundecave-9-carboxylate {1.50 g, 3.06 munol, 1.00 eq) was added hydrogen
chlonde/dioxane {4 M, 25 mL, 32.71 eg). The nuxture was stirred at 25 °C for 12 h. LCMS
showed the reaction was finushed. Then the reaction maxture was concentrated under reduce
pressure o give methyl 2-roethoxy-4-[3-(1-oxa-4,9-diazaspiro[ 5. S jundecan-4-
vijevclobutoxylbenzoate (1.30 g, 3.04 mmol, 99% vield, hydrogen chioride) as a light vellow
sohid,

[0591] LOMS: MS (ESI) nvz: 391.3 [M+1]7.

{8592} Chemical Formula: C2iH3oN20s, Molecular Weight: 390.47

{0593] Step 10 Preparation  of Methyl  4-[3-[9-{4-tert-butoxycarbonylphenyl}-1-oxa-4,9-

diazaspirof 5. Sjundecan-4-yljcyclobutoxy(-2-methoxybenzoate
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[85%4] To a3 muxture of methyl  Z-methoxy-4-[3-(1-oxa-4,9-diazaspirof 5 Stundecan-4-
vicyclobutoxylbenzoate {1.30 g, 3.04 mmol, 1.00 eq, hvdrogen chioride} 1n dimethylsulfoxide
{40 mL} was added potassium carbonate {(2.10 g, 1522 mmol, 500 eq) and tert-butyl 4-
fluorobenzoate (0.90 g, 4.57 mmol, 1.50 eq). The mixture was stirred at 120 °C for 12 h LCMS

showed the reaction mixture was finished. To the solution was added water {200 mb} and
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extracted with ethyl acetate (50 mL x 2}, The organic layers was combined, dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure to give a residue. The residue
was purified by preparative HPLC (column: Phenomenex luna C18 250%80mm™* 10 um;mobile
phase: [water(0.225%FAFACNLB%:  26%-56%,19min} to  give methyl 4-[3-{9-(4-tert-
butoxycarbonylphenyi)-1-oxa-4,9-diazaspiro{3 Sjundecan-4-yljcyclobutoxy}-2-methoxybenzoate
{0.55 g, 970.56 umol, 32% yield) as a yellow oil.

10595] LOMS: MS (BST) nvz: 567.5 [M+1]™,

[0596] HNMR: (400MHz, DMSO-de)d =788 (d, J =92 Hz, 2H), 784 (d, } = 8.8 Hz, 1H), 6.8
{d, }=92Hz ZH), 643 (d, J=1.6Hz 1H), 633 (dd, 1 =84, 2.4 Hz, 1H), 485477 (m, 1H),
3.90 (s, 3H), 3.87 (s, 3H), 3.82-3.73 (m, 2H), 3.58-3.50 (m, 2H), 3.34-3.22 (m, 2H), 3.01-2.92 (m,
1H), 2.40-2.26 {m, 6H), 2.22-2.14 {m, 2F), 2.12-2.07 (m, 2EL), 1.70-1.63 (m, 2F), 1.59 (s, 9H).
{0597} Chemical Fornla: CaHaeMNoOr Molecular Weight: 566.69

[0508] Step 11 Preparation of Methyl  4-[3-[9-(4-tert-butoxycarbonylpheonyl}-1-oxa-4,9-

diazaspurof 5. Slundecan-4-vlicyclobutoxy-2~methoxy-benzoate

8] &
.
/L\ AN N
h 1O 2N
| . HOW dioxane | o
g SN ~ "\,!/ Ny — NP o {7“‘“\[/%
e 4 . 25°C, 12h : /
L\ N ! AN O L\/i’ /\F}l{k \.//JW N
s Y o
e (SN ~. O @

[059%8] To a compound of methyl  4-[3-[9-{4-tert-butoxyearbonylphenyl)-1-oxa-4,9-
diazaspiro] 5. Sjundecan-4-yijcyelobutoxy-2-methoxy-benzoate (550 mg, 0.97 mmol, 1.00 eq)
was added hydrogen chionde / dioxane {4 M, 20 ml., 82.43 eq). The mixture was stirred at 25 °C
for 12 h. LCMS showed the reaction was finished. The reaction nuxture was concentrated under
reduced pressure to give 4-[4-{3-(3-methoxy-4-methoxyearbonyl-phenoxy)eyclobutyli-1-oxa-4,9-
diazaspiro {5 Sfundecan-S-ylibenzoic acid {500 mg, 0.91 mmol, 94% vield, hydrogen chloride) as
a white solid, which was used in next step directly.

[0600] LOMS: MS (ESI) m/z 511.3 [M+1]".

{0601} Chemical Formula: CosHasNoOr Molecular Weight: 510,58

(3]
&
A



WO 2021/127443 PCT/US2020/066021

10602} Step 12 Preparation of Methyl 4-[3-[9-[4-[[3-(4-cyano-3,5-dimethyl-phenoxy}-2,2,4 4~
tetramethyl-cyclobutyljcarbamoylphenyl}-1-oxa-4,9-diazaspirof 5. Sjundecan-4-yiicyclobutoxyi-
2-methoxy-benzoate

o

HG” 7//
\/\ ' /ﬁ \/" N —
L~ N o | J
%\/ r Py
{9663} To a nuxture of 4-[4-[3-(3-methoxy-4-methoxycarbonyl-phenoxy)cyclobutyl]-1-oxa-4,9-

diazaspn‘@{i5}undecan—9—yi]henzmcaczd (250 mg, 0.49 mmol, 1.00 eq) and triethylamine (248
mg, 245 mmol, ¢34 ml, 500 eq) in N N-dimethylformamide (4 ml} was added 3-
{ethylinunomethyleneamine)-N N-dimethyl-propan-1-amine;hydrochloride (113 mg, 0.59 mmol,
1.20 eq), hydroxybenzotriazole (79 mg, 0.59 mmol, 1.20 eq) and 4-(3-amino-2,2,4 4-tetramethyl-
cyclobutoxy}-2,6-dimethyl-benzomtrde (151 mg, 0.49 mmol, 1.00 eq, hydrochloric acid). The
mixture was stured at 25 °C for 3 h. LOMS showed the reaction was finished  The reaction
muxture was purified by preparative HPLC (Columat Phenomenex luna C18 130%40mm™® 1Sum,
Condition:  water (0.225%FA-ACN) to give methyl 4-[3-[9-[4-[[3-(4-cyano-3,5-dimethyl-
phenoxy}-2,2.4,4-tetraroethyl-cyclobutylicarbamoyliphenyl]-1 -oxa-4,9-diazaspiro] 5. S fundecan-
4-yllcyclobutoxy - 2-methoxy-benzoate {200 mg, 0.26 mmol, 53% vield) as a hight vellow solid,
[0604] LOMS: MS (EST) nvz: 765.6 [M+1]™,

[0605] THNMR: (400MHz, CDCL)S: 7.82 (d, I=8.4 Hz, 1H), 7.70-7.67 (m, 2H), 6.96-6.90 (m,
2H), 6.59 (s, 2H), 6.45-6.41 (m, 1H), 6.39-6.29 (m, 1H), 6.16-6.09 (m, 1H), 4.87-4.74 (m, 1H),
4.55-4.43 {m, 1H), 4.15-4.11 {m, 1H), 405-4.01 (m, 1H]}, 3.89 (s, 3H]}, 3.86 (5, 3H), 3.80-3.74 (m,
2H), 3.56-3.47 {m, 2H}, 3.31-3.22 (m, 2H}, 2.99-2.91 {m, 1H), 2.77-2.67 (m, 1H), 2.49 (s, 6H),
2.40-2.31 (m, 4H), 2.21-2.16 (m, 2H), 2.12-1.99(m, 4FT), 1.26 (s, 6F), 1.22 (s, 6H).

{0686} Chemical Formula: CasHseNaO7, Molecolar Weight: 764.95

[0607]

[8608] Step  13: Preparation  of  4-[3-[9-[4-[[3-(4-cyano-3,S-dimethyl-phenoxy)-2,2,4,4-
tetramethvi-cyclobutyljcarbamoylphenyl]-1-oxa-4,9-diazaspiro[ 5. S jundecan-d-yHeyclobutoxy]-

Z-methoxy-benzoic acid

\f/\\/ A\/% \\.//'\ﬁ"o\f’ ,&/ i
i RN N
prd / ’E/j PAOH -{4/\\( e I \L
Y T A - A
;: MeldH, THF, H21
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10609} To a mixture of methyl 4-[3-19-[4-{[3-(4-cyano-3,5-dimethyl-phenoxy}-2,2,4 4~
tetramethyl-cyclobutyl]carbamoylphenyl]-1-oxa-4,9-diazaspiro[ 5. 5 jundecan-4-yijcyclobutoxy]-
2-methoxy-benzgate (200 mg, 0.26 mmel, 1.00 eg) in methanol (2 ml), water (2 mL} and
tetrahydrofuran (2 mL} was added sodiom hydroxide (52 mg, 1.31 mmol, 5.00 eq). The mixture
was stirred at S0 °C for 12 h. LCMS showed the reaction was finished. Then the reaction mixture
was concentrated under reduced pressure to give the residue. The residue was adjust pH = 6 with
hydrochloric acid (1 M). Then the mixture was filtered. The filtered cake was dried under reduced
pressure 1o give 4-[3-[9-[4-[[3-(4-cyano-3,5-dimethyl-phenoxy)-2,2,4 4-tetramethy |-
cyclobutyljcarbamovi]phenyl}-1-oxa-4 9-diazaspirof 3. 5 jundecan-4-yijcyclobutoxy}-2-methoxy-

benzoic acid (200 mg, crude) as a white solid.

[0610] LOMS: MS (BST) mvz: 751.2 [MHI]™

{09611} Chemical Fornula: CaaHsaNaO7, Molecular Weight: 750.92

18612} Step 14 Preparation  of  4-[3-I9-[4-[[3-(4-cyano-3,5-dimethyl-phenoxy}-2,2,4,4-
tetramethyl-cyclobutyljcarbamoyl]phenyl}-1-oxa-4,9-diazaspirof 5. Sjundecan-4-yijcvclobutoxyi-

N-[{38})-2,6-dioxo-3-piperidyl}-2-methoxy-benzamude, Compound 35

i H
S~ ‘,og\_,( o R \4 T/ b\/L
i N, A&
NT ’ H -_— N ~
\/\r\./\/\ .«L ra 1/‘\‘ EDGI, KO, NMM, DMF ' /,\ (L? \L /u\
J
" % S 26°C, an k /\ K, i
T g b c)

[0613] To a solution of4-[3-[9-[4-[{3-(4-cvano-3,5-dimethyi-phenoxy)-2,2,4,4-tetrarnethyl-
cyclobutylicarbamoyiiphenylj-1-oxa-4,9-diazaspiro| 5. S fundecan-d-yijcyclobutoxy |-Z-methoxy -
benzoic acid (190.0 mg, 0.25 mmol, 1.00 eq) in N, N-dimethyiformamide (4 mL) was added 4-
methylmorphohine (128.0 mg, 1.27 mmol, .14 mL, 5.00 eq), hydroxybenzotriazole (41 mg, 0.30
mmol, 1.20 eg) and 3-{ethyliminomethyleneamino}-N,N-dimethyl-propan-1-amine;hydrochloride
{58 mg, 0.30 mmol, 1.20 eq) and (38)-3-aminopiperidine-2,6-dione {83 mg, 0.51 mmol, 2.00 eg,
hydrochloric acid). The mixture was stirred at 25 °C for 9 b LCMS showed the reaction was
finished. The reaction mixture was filtered. The filirate was directly purified by preparative HPLC
{Column: Phenomenex luna C18 150*40mm™ 15um, Conditton:water{0.225%FA}-ACN } to give
4-{3-{9-[4-{{3-{4-cyano-3,5-dimethyl-phenoxy)-2,2,4,4-tetramethyl-

cyclobutyllcarbamoyliphenyl]-1-oxa-4,9-diazaspiro| 5. 5 jundecan-4-ylicyclobutoxy -N-{{38}-2,6-

o]
<
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dioxg-3-piperidyl}-2-methoxy-benzamide (104.6 mg, 0.12 mmol, 47% yield, 97% punity} as a off-
white solid.

j0614] LCMS: MS (BSD) m/z: 861.5 [M+1]"7.

[0615] HNMR: (400MHz, DMSO-de)s: 10.88 (s, 1H), 8.48 (d, J=6.8 Hz, 1H), 7.86 (d, }=8.8 Hz,
1H), 7.75 (d, }=8.8 Hz, 2H), 7.49 (d, 1=8.8 Hz, 1H), 6.98 (4, 1=0.2 Hz, ZH), 6.74 (s, 2H), 6.57 (d,
J=2.4 Hz, 1H), 6.51 (dd, }=8.4, 2.4 Hz, 1H), 4.87-4.82 (m, 1H), 4.75-4.70 {m, 1H), 4.25-4.23 (m,
1H), 4.07-4.03 (m, 1H), 3.92 (s, 3H), 3.72-3.65 (m, 38}, 3.55-3.47 (m, 4H), 3.22-3.10 {m, 2H),
2.92-2.75 {m, 3H), 2.45-2.39 (m, TH), 2.32-2.26 (m, 1H), 2.20-2.10 {m, 5H), 2.00-1.81 {m, 2H),
1.71-1.57 (m, 2H), 1.23 (s, 6H), 1.13 (s, 6H).

{8616} Chemical Formula: CasHeoNeOs, Molecular Weight: 861.04

[8617] EXaMPLE 16 — SYNTHESIS OF S-[4-[[1-[4-[[3-(4-CYANO-3-METHOXY~-PHENOX Y )-2,2,4 4~
TETRAMETHYL-CYCLOBUTYLJCARBAMOYE JPHENYL }-4-PIPERIDYL JMETHYLPIPERAZIN-1-YL}-N-
[(38)-2,6-DIOX0-3-PIPERIDYLJPYRAZINE-2-CARBOXAMIDE ( COMPOUND 37)

[8618] SCHEME 11, SUMMARY OF THE SYNTHESIS OF COMPOUND 37
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[0619] Step 1. Preparation of Methyl S-{4-{tert-butoxycarbonylpiperazin-1-vhpyrazine-2-

carboxylate



WO 2021/127443 PCT/US2020/066021

o L -
N N ~
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/[\ | DIPEA, DMSO, (/\N N
o Sy 100°C, 2 1 Ny
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{96261 To a solution of methy! S-chloropyrazine-2-carboxylate (2.00 ¢, 11.59 mmol, 1.00 eg) in
dimethyisulfoxide (20 mL) was added dusopropylethylamine (3.00 ¢, 23.18 mmol, 4.04 mL, 2.00
eq)}, tert-butyl piperazine-1-carboxylate (2.16 g, 11.59 mmol, 1.00 eq). The mixture was stirred at
100 °C for 12 h. LCMS showed that the reaction was completed. The mixture was poured mto
ice water (30 mbL) and ethyl acetate (30 mbL). The mixture was filtered and the filter cake was
concentrated under reduced pressure to give methyl 53-(d-tert-butoxycarbonylpiperazin-i-
viypyrazine-2-carboxvlate (3.50 g, 10.86 mmol, 93% vield) as a vellow solid, which was used in
next step directly.

[6621] LCMS: MS (EST) m/z: 323.8 [M+1]™

10622] 'H NMR: (400 MHz, DMSO-da)d: 881 ¢d, J= 1 2 Hz, 1H), 8.14(d, J= 1.2 Hz, 1H), 3.96
{s, 3H), 3.80 - 3.68 (m, 4H), 3.63 - 3.51 {(m, 4H), 1.49 (5, 9H).

18623} Chemucal Formula: CisH2aNiO4, Molecular Weight: 322.36

[8624] Step 2: Preparation of Methy! 3-(piperazin-1-ylipyrazine-2-carboxylate

G
’{’ NE)J\Q/ HCHDioxane EN\EAO/
;/\NAN DCM,20°C,12 h K\N’ Sy
Bac/&\'/i :2;\ )
{0625} To a solution of methy] S-(d-tert-butoxycarbonylpiperazin-1-yhpyrazine-2-carboxylate
{1.50 g, 4.65 mmol, 1.00 eq) in dichloromethane (30 b)) was added hydrochloric acid / dioxane
{4 M, SmkL, 428 eq). The mixtore was stirred at 25 °C for 12 h. LCMS showed that the reaction
was completed. The muixture was filtered and the filter cake was concentrated under reduced
pressure to give methyl 3-piperazin-1-ylpyrazine-2-carboxylate {1.00 g, 3.87 mmol, 83% yield,
hydrochloride) as a yellow sohid.
[0626] LCMS: MS (BST) m/z: 223.2 [M+1]™
{8627} Chemical Formula: CioHisNaOn, Molecular Weight: 22224
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{0628] Step 3. Preparation of Methyl 5-{4-{(1-{(4-({{1r,31}-3-{4-cyano-3-methoxyphenoxy}-
2,24 4-tetramethylcyclobutyBicarbamoyDphenylpiperidin-4-ylmethylpiperazin-1 -y pyrazine-

2-carboxylate

T VN ]
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HO

{8629} To a solution of methyl S-piperazin-1-ylpyrazine-2-carboxylate (158 mg, 0.61 mmol, 1.00
eqg, hvdrochloride} in dichloromethane (2 ml) and dimethyformamide (1 mL) was added
triethylamine (62 mg, 0.61 mmol, 1.00 eq), acetate acid (36 mg, 0.61 mmol, 1.00 eq) and N-[3-(4-
cyano-3-methoxy-phenoxy)-2,2 4 4-tetramethyl-cyclobutyl}-4-(4-formyl-1-piperidybenzamide
{300 mg, 0.61 mmol, 1.00 eq). The mixture was stirred at 30 °C for 12 h. Then to the mxture
was added sodium borohydride acetate (239 mg, 1.23 mmol, 2.00 eq} and stirred at 30 °C for 1 b
LCMS showed that the reaction was completed. The reaction was added water (20 mlL) and
extracted with dichloromethane (30 mL x 3). The organic layer was dried over sodium suifate and
concentrated under reduced pressure to give a residue. The residue was purified with preparative
high performance liqud chromatography {column: Phenomwenex luna CI18 130%40mm*
1Sum;mohile phase: [water{0 1% TFANACNLB%: 30%-50%,10mm)} to give methyi3-[4-[{1-[4-
[[3~{4-cyano-3~-methoxy-phenoxy)-2,2,4 4-tetrarethyl-cyclobutyljcarbamoylphenyl]-4-
piperidyljmethyl]piperazin-1-yljpyrazine-2-carboxylate (260 mg, 0.37 mmol, 60% yield) as a
vellow solhid.

[0630] LCMS: MS (ESI) m/z 696.4 [M+1]"

{0631} Chemical Formula: CaolasN7Gs, Molecalar Weight: 69585

{0632} Step 4 Preparation of  5-(4-((1-{4-{{{1r,31}-3~{4-cyano-3-methoxyphenoxy}-2,2,4,4-
tetramethylcyclobutylycarbamoypheny Dipiperidin-d-yljmethyDpiperazin-1-y1ijpyrazine-2-

carboxyiic acid

Ta .’*’/’\ ,O,-,,_/l/’ o o]
//ﬂj/ /]\/\ A /\ //:\\/I ./{/X”N’]I\f/ \j\ /‘N\;/ iL‘OH
Z : ! H
A Lv)\/N\va




WO 2021/127443 PCT/US2020/066021

10633} To a2 solution of methyl  5-[4-[{1-[4-][3-(4-cyano-3-methoxy-phenoxy}-2,2,4 4~
tetramethyl-cyclobutyl]carbamoyliphenyl}-4-piperidylimethylipiperazin-1-yl]pyrazine-2-
carboxylate (260 mg, 0.37 mmol, 1.00 eg) in tetrahydrofuran (5 mL}, methanol (5 mL) and water
{5 mL} was added sodium hvdroxide (1192 mg, 2.99 mmol, 8.00 eq). The mixture was stirred at
50 °C for 12 h. LOMS showed that the reaction was completed. The mixture was adjusted with
hydrochloric acid (4 M) to pH = 5. The mixture was filtered and the filter cake was concentrated
under reduced pressure to  give  S-[4-f[1-[4-[[3-{(4-cyano-3-methoxy-phenoxy}-2.2,4,4-
tetramethyl-cyclobutyl]carbamovlphenyl}-4-piperidyljmethyljpiperazin-1-yljpyrazine-2-
carboxylic acid {240 mg, 033 mmol, 89% vield, hydrochloride) as a vellow solid.

[6634] LOMS: MS (EST) m/z: 682.1 [M+1]7

186358} Chemical Formula: CisHarN7Qs, Molecular Weight: 681.82

[8636] Step 51 Preparation of 5-{4-{(1-{(4-({({1r,30)-3-(4-cyano-3-methoxyphenoxy}-2,2,4,4~
tetramethylcyelobutylycarbamoyDphenyDpiperidin-4-ymethyDpiperazin-1-y - N-{{(8)-2,6-

dioxopiperidin-3-yhpyrazine-2-carboxanude, Compound 37
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{0637} To a solution of S-[4-[[1-[4-[{3~(4-cyano-3 rmthox‘,uphum\v) 2,2,4,4-tetramethyl-
cyclobutylicarbamoyijphenylj-4-piperidylimethylipiperazin-1-yljpyrazine-2-carboxylic acid
{200 mg, 0.27 mmol, 1.00 eq, hydrochloride} in dimethyformamide (2 mwl) was added 4-
methylmorpholine (140 mg, 1.39 mmol, 5.00 eq), hydroxybenzotriazole (45 mg, 0.33 mmol, 1.20
eq), 3-(ethyliminomethylensamino)-N,N-dimethyl-propan-1-ammehydrochloride (64 mg, 0.33
mmol, 1.20 eq) and (3S)-3-aminopiperdine-2,6-dione (68 mg, 641 mmol, 1.5C eqg,
hydrochloride}. The mixture was stirred at 20 °C for 12 h. LCMS showed that the reaction was
completed. The mixture was added dichloromethane {20 mL} and water (20 ml). Then the
nuxture filtered. The filtrate was extracted with dichloromethane (20 mb x 3). The organic layer
was dried over sodium sulfate and concentrated under reduced pressure to give a residue. The
residue was purified with preparative high performance liquid chromatography (column: Shim-
pack C18 150%25%10um;mobile phase: {water{(0.225%FA}-ACN];B%: 22%-52%,10min} to give

Se[4-{11-{4-[|3-(4-cyano-3-methoxy-phenoxy}-2,2 4 4-tetramethyl-
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cyclobutylicarbamoyliphenyl}-4-piperidylimethyljpiperazin-1-y1}-N-{{38}-2,6-dioxo-3-

piperidyl]pyrazine-2-carboxamide {158 mg, .19 mmel, 70% vield, 99% purity)} as a white sohid.

10638} QC-LOMS: (ESIT) m/z: 792.5 [M+1] 7,

[0639] TH NMR: (400 MHz, DMSO-ds)8: 10.85 (s, 1H), 8.62 (d, J = 2.4 Hz, 1H), 8.54 (d,J = 8.4

Hz, 1H), 7.97(dd, J =2.4, 92 Hz, 1H), 7.74 (d, ] = 8.4 Hz, 2H), 7.65 (d, J = 8.4 Hz, 1H), 7.50(d,
=92 Hz, 1H), 7.01 - 6.92 (m, 1H), 6.96 (br d, ] = 8.8 Hz, 2H), 6.88(d, I =9.2 Hz, 1H), 6.64 (d,

J=20Hz 1H), 6.54(dd, ] = 2.0, 8.8 Hz, 1H), 481 - 4.69 (m, 1H), 4.28 (s, m), 406(d, §=92

Hz, 1H), 3.91 (s, 3H), 386 {br d, = 120 Hz, 2H), 3.62 (brs, 45}, 279 (w t, ] = 12.0 Hz, 3H),

2.56(brd, J=30Hz 1H), 245 (brs, 4H)}, 225 - 2.05 {m, 3H), 2.02 - 1.93 (m, 1H), 1.82(br 4, }

=12.0 Hz, 3H), 1.23 (5, 8H), 1.15 (s, 6H).

18648} Chemical Formula: CazHs3NeQs, Molecular Weight: 791.94

9641} Total H count from HNMR data: 53,

[8642] ExaMPLE 17 — SYNTHESIS OF 0-[4-[[1-[4-[[3-{4-CYANOG-3, 5-DIMETHYL-PHENOX Y }-2,2,4 4~
TETRAMETHYL~-CYCLOBUTYL]CARBAMOYL PHENYL -4-PIPERIDYL JMETH YL JPIPERAZIN-1-YL}-N-
[(35)-2,6-DIOX0-3-PIPERIDYL]PYRIDINE-3-CARBOXAMIDE {COMPOUND 38)

[8643] ScrEME 12 SUMMARY OF THE SYNTHESIS OF COMPOUND 38
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10644} Step 1: Preparation of 4-[4-(hydroxymethyl}-1-piperidyilbenzoic acid

{0645
g\DH O/\OH
N HCIEtOAC N

O Aa A EtOAg, 25 °C
>( hi

Q

10646} To a solution of tert-butyl 4-[4-(hvdroxymethyl}-1-pipenidyllbenzoate {(5.00 g, 17.16
mmol, 1.00 eg) in ethyl acetate (50 mL} was added hydrochioric acid / ethyl acetate (4 M, 10
mi., 2.33 eg}) at 25 °C. The mixture was stirred at 25 °C for 35 h. LCMS showed that the reaction
was completed. The mixture was concentrated under reduced pressure to give a solid. The solid
was washed with ethyl acetate {40 mL) and concentrated under reduced pressure to give 4-[4-
{hydroxymethyi)-1-piperidylibenzowc acid (4.30 g, 16 45 mumol, 96% yield, 90% purity) as a white
sohid, which was used in next step directly.

[0647] LCMS: MS (EST) m/z: 236.1[M+1]".

[0648] 'H NMR: (400 MHz, DMSO-de)d: 7.77 (d, J=8.8 Hz, 2H), 7.04 (s, 2H), 3.87 (d, }=128
Hz, 2H), 3.28 (d, J=6.0 Hz, ZH), 2.87 (1, J=11.6 Hz, 2H), 1.74 (d, }=12.8 Hz, 2H), 1.55 - 1.68 {m,
1H), 1.17 - 1.33 {m, 2H).

[9649] Chemical Fornwla: CisHisNO: Molecular Weight: 235.28.

{8656} Step 20 Preparation  of  N-[3-(d-cyano-3,5-dimethyl-phenoxy)-2,2, 4, 4-tetrarmethyl-

cyclobutylj-4-[4-(hydroxymethyl}-1-piperidyijbenzamide
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{08651} To a solution of 4-[4-(hydroxymethyi}-T-piperidyiibenzoic acid (798.37 mg, 3.39 mmol,

1.31 eq} in N N-dimethyformamide (10 mL) were added Hydroxybenzotriazole (525.00 mg, 3.89

mmol, 1.50 eg), 1-(3-dimethylaminopropyl)-3-ethylcarboditmide hydrochloride (744.84 mg, 3.89
mmoi, 1.50 eg}, dusopropylethylamine (1.67 g, 12.95 mmol, 2.26 mi, 5.00 eg) and 4-(3-amino-

2.2,4 4-tetramethyl-cyclobutoxy}-2,6-dimethyi-benzonitrile (800.00 myg, 2.59 mmol, 1.00 eg,
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hydrochloric acid). The mixture was stirred at 20 °C for 12 h. LOMS showed that 4-(3-amino-
2,2.4 4-tetramethyl-cyclobutoxy}-2,6-dimethyi-benzonitrile was consumed completely and the
desired MS was found. The mixture was diluted with water (30 mL} and extracted with ethyl
acetate (20 mL}). The organic layer was washed with brine (2 x 20 mL), dried over sodium sulfate
and concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography on silica gel (petroleum ether: ethy! acetate = 8:1 to 1:1} to give N-[3-(4-cyano-
3,5-dimethyl-phenoxy}-2.2,4 4-tetramethyl-cyclobutyl}-4-[4-(hydroxymethyi)-1-
piperidylibenzamide (510.00 mg, 1.04 mmol, 40% vield) as a white solid.

0652} LCMS: MS (ESD) nv/z: 490 4{M+1]7.

[9653] TH NMR: (400 MHz, DMSO-d6)8: 7.73 (d, J=8.8 Hz, 2H), 7.48 (d, 1=9.2 Hz, 1H), 6.95 {d,
J=88 Hz 2H}, 6.73 (s, 2H)}, 449 (1, J=3 2 Hz, 1H), 422 (s, 1H), 4.03 (d, J=9.2 Hz, 1H), 387 (d,
J=132Hz 2H), 327 (t, =56 Hz, 2H), 275 (s, 2H), 2.43 (s, 6H), 1. 73 (d, JI=12.0 Hz, ZH), 1 51 -
1.64 (m, 1H), 1.21 (s, 6H), 1.14 - 1.20 {m, 2H), 1.11 (s, 6H).

10654} Chemical Fornula: CaoHizoN30s Molecular Weight: 489.65

[9685] Step 3 Preparation  of  N-[3-(d-cvano-3,5-dimethyl-phenoxy)-2,2,4,4-tetraroethyl-

cyclobutyl}-4-(4-formyl-1-piperdyDBbenzamde

Y Ton NS0
i 2 /N\ NP i ) ZF *'\i\/’
S A AT e s o L
I thd DOM, 20 °C Y . o
P o

. i i WL
o \f\ o F gy ‘f\

[8636] To a solution of N-{3-{4-cyanc-3,5-dimethyi-phenoxy 3-2,2 4, 4-tetramethyi-cyclobutylj-4-
[4-(hydroxymethy-T-piperidylibenzamide (510.00 mg, 1.04 mmol, 1.00 eg} i dichloromethane
{10 mL} was added Dess-Martain reagent (662.60 mg, 1.56 mmol, 483.69 ul, 1.50 eg}. The
mixture was stirred at 20 °C for 3 h. LOMS showed that the reaction was completed. The mixiure
was ¢uenched with saturated natrium sulfurosum solution and saturated sodium bicarbonate
solution (10 mL, 1:1) and then extracted with dichloromethane (15 mL}. The organic layer was
wished with brine {15 mL), dried over sodinm sulfate and concentrated under reduced pressure to
give a residue. The residue was purified by column chromatography on silica gel {(petrolenm
ether: ethyl acetate = 8:1 to 1:1) to give N-[3-(4-cyano-3,5-dimethyl-phenoxy)2,2,4 4-
tetramethyt-cyclobutyl]-4-(4-formyl-1-piperidyltbenzamide (350.00 mg, 717.75 umol, 69% yield)

as a light vellow oil.
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18657) LCMS: MS (ESD) m/z: 488.2[M+1]™.

{0658] 'H NMR: (400 MHz, DMSO-ds)

10659} §: 9.64 (5, 1H), 7.75{d, }=8.8 Hz, 2H), 7.50(d, }=9.2 Hz, 1H), 6.98(d, J=8.8 Hz, 2H}, 6.74
{s, 2H}, 4.23 {s, 1H), 4.04 (d, J=0.2 Hz, 1H},3.72-3.83 {m, 2H), 2.89 - 3.04 (m, ZH}, 2.54 - 2.63
{m, 1H), 2.43 (s, 6H), 1.88 - 1.97 (m, 2H), 1.49 - 1.63 (m, 2H), 1.22 (s, 6H), 1.12 (s, 6H).

{0666} Chemical Formula: CaoHyrN3Os Molecular Weight: 487.63

{0661} Step 4 Preparation of Methyl 3-(d-((1-(4-({{(1r,3r}-3~-(4-cyano-3,5-dimethylphenoxy}-
2,24 4-tetramethyleyclobutyhearbamovphenypiperidin-4-vhmethvl)piperazin-1 -

viypyvrimidine-2-carboxylate
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[8662] To a solution of methyl 3-piperazin-1-ylpyrimidine-2-carboxylate (106 mg, 0.41 mmol,
1.00 eq, hydrochlonide) in dichloromethane (2 mL) and dimethylformamide (1 ml) was added
triethylamine (41 mg, 0.41 mmol, 1.00 eq}, acetic acid (24 mg, 0.41 mmol, 1.00 eq) and N-{3-{4-
cyano-3,S-dimethyi-phenoxy)-2,2,4. 4-tetramethyi-cyclobuty i -4-(4-formyl-1-
piperidybenzamide (200 mg, 0.41 mol, 1.00 eq). The mixture was stirred at 30 °C for 12 b
Then to the mixture was added sodmum borohydride acetate (173 mg, .82 mmol, 2.00 eq) and
stirred at 30 °C for 1 h. LUMS showed that the reaction was completed. The reaction was added
water (20 mi} and extracted with dichloromethane (30 mL. x 33, The organic layer was dried over
sodium sulfate and concentrated under reduced pressure to give a residue. The residue was purified
with preparative high performance liquid chromatography (column: Phenomenex luna C18
150*40mm* 15um;mobile phase: [water{D. 1% TFARACN];BY: 27%-57%,10min} to give methyl
S-[4-{[1-]4-[|3-{4-cyano-3 5-dimethyi-phenoxy}-2,2.4, 4-tetramethy |-
cyclobutyljcarbamoyliphenyl]-4-piperidytjmethylipiperazin-1-yHpyrimidine-2-carboxylate {200
mg, ¢.28 mmol, 70% yield) as a yellow solid.

(0663} LCMS: MS (ESD m/z 693.1 [M+1]7.

10664} Chemical Formula: CaiHsaNeQs, Molecular Weight: 692 89

(%)
=
3
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10665} Step 5. Preparation of 5-(4-{{1-{4-({{1r,3r}-3-{4-cyano-3,5-dimethyiphenoxy}-2,2.4,4-
tetramethyleyclobutyicarbamoylpheny Dpiperidin-d-y Dimethy Dpiperazin-1-yljpyrimidine-2-

carboxylic acid

1/\( r( § ey Ao ,
/4/ ¥ /H’IA L: / NaOH /4/\\ - \‘ \'*;\ !f’\ —’fN‘ﬁ/d\OH
N AN N /\ A N W \[ LA, o~ /-\N,k\ N
/\w\'\// 50°C,12 1 kvl\/!\[l\,J

10666} To a solution of methyl 5-[4-[11-[4-[[3-(4-cyano-3,5-dimethyl-phenoxy}-2,2,4 .4~
tetramethyi-cyclobutyl]carbamovlphenyl}-d-piperidylimethyllpiperazin-1-vl] pyrimidine-2-
carboxylate (200 mg, 0.28 mmol, 1.00 eg) m tetrahydrofuran (5 mL), methanol (S mL) and water
{5 mL) was added sodium hydroxide {92 mg, 2.31 mmol, 8.00 eq). The mixture was stirred at 50
°C for 12 h. LCMS showed that the reaction was completed. The mixture was adjusted with
hydrochloric acid (6 M) to pH = 5. The maixture was filtered and the filter cake was concentrated
under reduced pressure to give  3-[4-[[1-[4-[[3-(4-cyano-3,5-dimethyl-phenoxy)-2,2,4.4-
tetramethyi-cyclobutyl]carbamoylphenyi}-4-pipenidyljmethylipiperazin- 1 -yl pyrinmidine-2-
carboxyhc acid (200 mg, 027 mmol, 86% vield, bydrochloride} as a vellow solid, which was used
in next step directly.

[0667] LOMS: MS (EST) mv/z: 679.1 [MH+1]™,

[6668] Chemical Formula: CaollsoNeO4, Molecular Weight: 678.86

[0669] Step 6. Preparation of 6-(4-{{(1-{4-({{11,3r}-3-{4-cyanc-3,5-dimethyiphenoxy}-2,2,4,4-
tetramethyicyelobutylcarbamoylphenyDpiperidin-d-yhimethyDpiperazin-1-y 3-N~({$})-2,6~

dioxopiperidin-3-yhnicotinamide, Compound 338

o
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{8676] To a solution of 6&-[4-[[1-[4-[[3-(4-cyanc-3,5-dimethyl-phenoxy)-2,2,4,4-tetramethyl-
cyclobutylicarbamovliphenyl}-4-piperidyimethyljpiperazin-1-ylipyridine-3-carboxylic acid (150
mg, 0.22 mmol, 1.00 eq, hydrochloride} in dimethylformamide (2 mb) was added 4-

methylmorpholine (111 mg, 1.10 mmel, 5.00 eq), hydroxybenzotriazole (35 mg, 0.26 mmol, 1.20

218



WO 2021/127443 PCT/US2020/066021

eq), 3-(ethyliminomethylencamino}-N,N-dimethyl-propan-1-amine hydrochloride {50 mg, .26
mmol, 120 eq) and (38)-3-aminopipendine-2,6-dione (54 mg, 033 mmol, 1.50 eq,
hydrochloride). The mixture was stirred at 20 °C for 1 b LOMS showed that the reaction was
completed. The mixture was added dichloromethane {20 mL} and water (20 mL). The organic
layer was dried over sodium sulfate and concentrated under reduced pressure to give a residue.
The residue was purified with preparative high performance higuid chromatography {column:
Phenomenex Synergi C18 150%25%10um;moebile phase: [water(0.225%FA)-ACN]:B%: 30%-
60%,9min)  to  give  6-[4-[[1-[4-[[3-(4-cyano-3,5-dimethyl-phenoxy)-2,2,4 4-tetramethyi-
cyclobutyljcarbamovl]phenyl]-4-piperidylimethyl]piperazin- 1-y1}-N-[{38}-2 6-dioxo-3-
piperidyl]pyridine-3-carboxamide {69.3 mg, 0.08 mmol, 38% vield, 96% purity) as a white sohid.
10671} QC-LOMS: MS (ESI) m/z: 789.3 [M+1]"

[0672] 'H NMR: (400 MHz, DMSO-de)3: 10.84 (5, 1H), 8.61 (d, T = 2.4 Hz, 1H), 8.54 (d, T = 8.4
He, 1), 8.17 (5, 1¥1), 7.96 (dd, I = 2.4, 9.2 Hz, 1H), 7.73(d, T = 8.8 Hz, 2H), 7.47(d, =92 Hz,
1H), 6.96 (d, T = 8.8 Hz, 2H), 6.87 (d, J = .8 Hz, 1H), 6.73 (s, 2H), 4.85 - 4.68 (m, 1F), 4.22 (s,
1H), 4.03 (d, 1= 92 Hz, 1H), 3.86 (brd, F = 12.4 Hz, 2H), 3.61 (br s, 4H), 2.79 (br t, ] = 12.4 Hz,
3H), 260 -2.52 (m, 1H), 2.43 (s, 10H), 220 {(br &, I = 6.4 Hz, 2H), 2.15 - 2.04 {m, 1H}, 1.96 {br
d,J=56Hz 1H), 181 (brd J=11.0Hz 3H), 1.21 {5, 8H), 112 {5, 6H).

[9673] Chemical Formula: CasHssNsOs, Molecular Weight: 788 98

{0674} EXaMPLE 18 ~ SYNTHESIS OF [4-[[1-[4-[{3-(4-CYANO-3-METHOXY-PHENOXY}-2,2,4,4~
TETRAMETHYL-CY CLOBUTYLJCARBAMOYLIPHENYL}-4-PIPERIDY L IMETHYL [PIPERAZIN-T-YL}-N-
[(38)-2,6-DI0X0-3-PIPERIDYL IPYRIMIDINE-2- CARBON AMIDE ( COMPOUND 39)

{8675} SCHEME 13, SUMMARY OF THE SYNTHESIS OF COMPOUND 39
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[9676] Step 1. Preparation of Methyl 5-(4-(tert-butoxycarbonyi)piperazin-1-yl)pyrimidine-2-
carboxylate

o (/\NH

O
Bae” A \/J /N \1)!\@/
e e
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o \/J
-

PA(OAC):, Binap,Cs;C0;,
Dioxane,100°C, 12 h
Boc

{9677} To a solution of methy! 5-bromopyrimidine-2-carboxylate (2.00 g, 9.22 mumol, 1.00 eq) in
dioxane {20 mL) was added cesium carbonate (6.01 g, 18.43 mmol, 2.00 eg), tert-butyl piperazine-
{-carboxylate (1.72 g, 9.22 mmol, 1.00 eq), palladium acetate (310 mg, 1 38 mmol, 0.15 eqg), and
{R)-(+)-2,2-Bis{diphenviphosphino}-1, '-binaphthyl (860 mg, 1.38 mmol, 0.15 eq). The mixture
was stirred at 100 °C for 12 h. LCMS showed that the reaction was completed. The mixture was
poured into water (100 mL} and extracted with ethy! acetate (50 mL x 3). The organic layer was
dried over anhydrous sodum sulfate and concentrated under reduced pressure to give a residue.
The residue was purified with column chromatography on silica gel (petroleum ether: ethyl acetate
= 10:1 to 1.2} to give methyl S-(4-tert-butoxycarbonylpiperazin- 1-yDpvrimidine-2-carboxylate
{1.50 g, 4.65 mmol, 50% vield) as a yellow solid.

10678} LOMS: EW6R07-1109-PIAT, MS (ESTy mv/z 323.1 [M+117

{8679} Chemucal Formula: CisH2aNaQ4, Molecular Weight: 322,36
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10688} Step 2: Preparation of methyl 5—(piperazm-1-yi)py'rimidineuZ_carboxyiate
G
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19681} To a solution of methyl 5-(4-tert-butoxycarbonylpiperazin-1-yl}pyrinudine-2-carboxylate
{1.50 g, 4.65 mmol, 1.00 eq) in dichloromethane (30 mb) was added hydrochloric acid / dioxane
{4 M, S mL, 428 eq). The nuxture was stirred at 25 °C for 12 h. Thin layer chromatography
{petroleum ether: ethyl acetate = 3:1) showed that the reaction was completed. The mixture was
filtered and the filter cake was concentrated under reduced pressure to give methyl S-piperazin-i-
vipyrimidine-2-carboxylate (1.00 ¢ 3.87 mmol, 83% vield, hydrochloride} as a vellow solid,
which was used m next step directly.

[0682]

[0683] Step 3. Preparation of methyl S5-(4-{((1-(4-(((ir,31)-3-(4-cvano-3-methoxyphenoxy)-
2,24, 4-tetrarnethyleyclobutyhearbamovpheny Dipiperidin-d-yDimethyl)piperazin-1-
yvlpyrimidine-2-carboxylate

,/r o
5 «’Q T)Y Y

1 i A, [o]
PUN )I\O” N Qg ‘\,/"\Nf J':’ ﬂ/ ¥ "\l& )i ’
r L Ag0 A AT N /" el
P W i H i
b TEANaBHACT)a, DOM DMF 20°C, 12 B =

/;‘N\I,»\\

Her™ NS NN

[8684] To a solution of methy! S-piperazin-1-ylpyrimidine-2-carboxylate (159 mg, 0.61 mmol,
1.00 eq, hydrochloride) in dichloromethane (2 ml} and dimethyformamide (1 mL} was added
triethylamine (62 mg, 0.61 mmol, 1.00 eq), acetate acid (73 mg, 1.23 mmol, 2.00 eq) and N-{3-(4-
cyano-3-methoxy-phenoxy}-2,2.4 4-tetramethy -cyclobutylj-4-(4-formyi-1-pipendybenzamide

(301 mg, 0.61 mmol, 1.00 eq}. The mixture was stirred at 30 °C for 12 h. Then to the mixture
was added sodium borohydride acetate (260 mg, 1.23 mmol, 2.00 eq). The mixture was stirred at
30 °C for 1 h. LOMBS showed that the reaction was completed. The reaction was added water (20
mb} and extracted with dichloromethane (30 mb x 3}, The organic layer was dried over anhydrous
sodium sulfate and concentrated under reduced pressure to give a residue. The residue was purified
with preparative high performance liquid chromatography {(column: Phenomenex luna (18

150*40mm* 15um;mobile phase: [water{0.19%TFA)-ACN];B%: 27%-47%,10mun) to give methyl
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S-[4-{11-{4-[|3-(4-cyano-3-methoxy-phenoxy}-2,2 4 4-tetramethy -
cyclobutylicarbamoyl]phenyl]-4-piperidylimethylipiperazin-1-yljpyrimidine-2-carboxylate {200
mg, ¢.28 mmol, 46% vield) as a yellow solid.

[0685] LOMS: MS (ESD) m/z: 696.0 [M+1]",

{0686} Chemical Formula: CsoHaoN7Os, Molecular Weight: 695.85

10687} Step 4: Preparation of 5-(4-((1-{4-({{1r,31}-3-(4-cyano-3-methoxyphenoxy}-2,2,4,4-
tetramethylicyelobutyljcarbamovphenylDpiperidin-4-ymethylpiperazin-1-yhpyrimidine-2-

carboxyhic acid
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[0688] To a solution of methyl  S5-[4-[[1-[4-[[3-(4-cyano-3-methoxy-phenoxy)-2,2,4 4~
tetramethyi-cyclobutyljcarbamoyliphenyij-4-pipenidylimethylipiperazin-1 -yl pyrimidine-2-
carboxylate (200 rog, .28 mmol, 1.00 eq) m tetrabydrofuran (5 k), methanol (S mL) and water
{S mL) was added sodium hydroxide (91 myg, 2.30 mmol, 8.00 eq). The mixture was stirred at 50
°C for 12 h. LCMS showed that the reaction was completed. The mixture was adjusted with
hydrochloric acid {(4 M) to pH = 5. The mixture was filtered and the filter cake was concentrated
under  reduced pressure to give  5-[4-[[1-[4-[[3-(d-cyano-3-methoxy-phenoxy)-2,2,4,4-
tetramethyb-cyclobutyljcarbamoylphenyti-4-piperidviimethylipiperazin-1-yl}pyrinidine- 2~
carboxylic acid (200 mg, 0.27 mmol, 96% vield, hydrochloride) as a vellow sohid.

[0689] LCMS: MS (BSI) m/z 682.0 [M+1]"

{0698} Chemical Formula: CasHarN7Gs, Molecular Weight: 681.82

{0691} Step  S:Preparation  of  S5-(4-({(1-{(4-{{{11,31}-3-(4-cyano-3-methoxyphenoxy}-2,2,4,4-
tetramethylcyclobutylycarbamoyhphenylipipenidin-4d-ylmethyDpiperazin-1-y }-N-({58}-2,6~
dioxopiperidin-3-yhpyrimidine-2-carboxamide, Compound 39

(0692
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[8693] To a solution of 3—{4—{{1—E:4—[5:3-(4-0)7&110—3—methoxy—phenaxy)—2,2,4,4-tetrameti‘1yi~
cyclobutylicarbamoy!iphenyl}-4-piperidylimethyljpiperazin-1-yljpyrimidine-2-carboxyhic  acid
{200 mg, 0.29 mmol, 1.00 eq, hydrochloride} in dimethyformanmide (2 mL} was added 4-
methylmorpholine (148 mg, 1.47 mmol, 5.00 eq), hydroxybenzotriazole (47 mg, 0.35 mmol, 1.20

2y

eq), 3-{ethyliminomethyleneamino)}-N,N-dimethyl-propan-1-amine;hydrochloride (67 mg, 0.35
mmol, 1.20 eqg) and (35)-3-aminopiperidine-2 6-dione (72 myg, 044 mmol, 150 eq,
hiydrochloride). The mixture was stirred at 20 °C for 12 b LCMS showed that the reaction was
completed. The mixture was added dichloromethane {20 mbL) and water (20 mL). Then the
mixture was filtered. The filtrate was extracted with dichloromethane (20 mL x 3). The organic
laver was dried over sodium sulfate and concentrated under reduced pressure to give a residue.
The residue was purified with preparative high performance liquid chromatography {column
Phenomenex Synergt CI8 150%25%10unymobile phase: [water{0.225%FA)}-ACN]:B%:25%-
55%, 1 0min} o give S-(4-((1~(4-({(11,37)-3-(4-cyvano-3-methoxyphenoxy}-2,2 4,4~
tetramethylcyclobutyDcarbamoylphenyDpiperidin-4d-yDmethyDpiperazin-1-y-N-{({$)-2,6~
dioxopiperidin-3-ypyrimidine-2-carboxamide (200.3 mg, 0.22 mmol, 78% vield, 95% purity,
formate)} as a white sohid.
10694] QC-LCMS: (EST) m/z: 792.5 [M+117
[0693] 'H NMR: (400 MHz, DMSO-de)d: 10.86 (s, 1H), 8.86 (d, J = 8.4 Hz, 1H), 8.57 (s, 2H),
B.16 (s, 1T}, 7.75 (d, I = 8.4 Hz, 2FL), 7.49(d, T = 9.2 Hz, 1H), 6.97(d, J = 9.2 Hz, 2H), 6.65 (d,
24 Hz TH), 6.55(dd, J=2.4, 84 He, 1H), 483-472(m, 1H), 428 (s, iH}, 406 (d, J =952 Hx,
1H), 3.92 (s, 3H), 3.88 -3.85 {m, 2H), 2.27 - 2.17 (m, 3H), 2.03 - 2.01 (m, 1H), 1.84 -1.81 (m, 3H),
23 (s, 8H), 1.16 (s, 6H).
{0696} Chemical Formula: CasHsaNoQOs, Molecular Weight: 791.94

10697} EXAMPLE 19 — SYNTHESIS OF 3-{4-[[1-{4-[{3-(4-CYANO-3-METHOXY-PHENOXY }-2,2,4 4~
TETRAMETHYL-CYCLOBUTYL JCARBAMOYL [PHENYL |-4-PIPERIDYL JMETHYL JPIPERAZIN-1-YL}-N-
[(38}-2,6-DI0X0-3-PIPERIDYL [PYRIDINE-2-CARBOX AMIDE { COMPOUND 40}

[6698] SCHEME 14. SUMMARY OF THE SYNTHESIS OF COMPOUND 40
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10708} Step 1. Preparation of methyl 3-(4-({1-(4-(((ir,31}-3-(4-cyano-3-methoxyphenoxy -
272,4,4—tetmmethyicvciobutvi)carbam@vl)phenyl)pi peridin-d-vDmethyl}piperazin-1-yljpicolinate
Peg-o
('3\, 1&* N”\ /er/ j)
/\ " ,—\& N
s
"\ /(\/ TEA NaBH{ACT), DOM,DMF 26 °C,11 h % 4‘ //\N/\ i/\ ,k/ls

'—'N\/

SN
18781} To a solution of methy! S-piperazin-1-ylpyridine-2-carboxylate (189 mg, 0.73 mmol, 1.20
eq, hydrochloric acid) in dimethylformamide (6 ml)} and dichloromethane (2 mL) was added
triethylamine (145,40 mg, 1 .44 mumnol, 0.2 mL, 2.35 eq), acetic acid (210 mg, 3.50 mmol, 0.2 mL,
3.71 eq) and N-[3-{4-cyano-3-methoxy-phenoxy)-2,2 4, d-tetramethyl-cyclobutyl}-4-{(4-formyl-1-
piperidylbenzanude (306 mg, 0.61 muvol, 1.00 eq). The mixiure was stitred at 25 °C for 10 b
Then to the mixture was added sodium triacety! borohydride (259 mg, 1.23 mumol, 2.00 eq} and
stirred at 25 °C for 1 h. LOMS showed the reaction was completed. The nuxture was concentrated
under reduced pressure to give the residue.  The residue was purified by preparative high
performance hguid chromatography {(column: Phenomenex luna C18 150%23mm™* 10ura;mobile
phase: [water(0.1%TFA-ACNLBY%: 26%-56%,10nun) to give methyl 5-[4-[f 1-[4-{[3-{4-cyano-
3-methoxy-phenoxy-2,2,4,4-tetramethyvi-cyclobutyl]carbamoyljphenyll-4-
piperidy}l ]me‘ihyi}pzperazm~1-yi}pyndme-Z-carboxyiate (280 mg, 402.96 umol, 66% vield) as a
white solid.
10702] LOMS: M8 (ESD m/z 695.3 [M+1]7
10763} Chemical Formula: CaoHsoNeGs Molecular Weight: 694.86

224
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10704} Step 20 Preparation of  S5-(4-((1-{4-{{{1r,31}-3-(4-cyano-3-methoxyphenoxy}-2,2,4 4~

AN

ieti‘amet}wicvcieb utylycarbamovphenylipiperidin-d-yljmethyDpiperazin-1-yipicolinic acid

N o] ey Q ]
i . a Vt ]
Y \j ”“" *[ "TJ\G’ — @/I\\rj il “J\[j "N’*O“
THF fheCt, h Col FN .

{9765} To a solution of methyl 35-[4-[{1-[4-[[3-(4-cyvano-3-methoxy-phenoxy)-2,2,4,4-
tetramethyi-cyclobutyl]carbamoyliphenvi]-4-piperidylimethyl|piperazin-1-ylpyridine-2-

carboxylate (280 myg, 0.40 mmol, 1.00 eq) in methano! {6 mL} and water {2 mL} was added sodium
hydroxide {4835 mg, 1.21 mmol, 3.00 eg). The mixture was stirred at 50 °C for 10 h. LCMS
showed the reaction was completed. The mixture was concenirated under reduced pressure to give
the residue. The residue was adjusted to pH = 3~4 by hydrochloric acid (1M}, Then the nuxture

was extracted with ethylt acetate (10 ml x 2). The organic layer was concentrated under reduced

progress to give S-[4-{[1-[4-[[3-(4-cvano-3-methoxy-phenoxy -2, 2.4, d-tetramethyl-
cyclobutylicarbamoviiphenyi}-4-piperidyljmethyllpiperazin-1-vijpyridine-2-carboxyhc acid

{170.00 mg, 249.69 umol, 62% yield) as a white solid, which was used into the next step without
further purification.

[0706] LOMS: MS (EST) nvz: 681.3 [M+1]"

10767} Chemical Formula: CasHasNe(s, Molecolar Weight: 680.84

[8708] Step 3. Preparation of  S5-(4-{{1-{(4-({({1r,31)-3-(d-cyano-3-methoxyphenoxy)-2,2,4 4~
tetramethyicyclobutylicarbamoyiphenyDpiperidin-4-ymethypiperazin-1-y - N-((§)-2,6-

dioxopipenidin-3-yiipicolinamide, Compound 40

/D
‘,[\r L. )
,»\j/o l,@ i Figti TrNH [,4\‘,:,0:.,(( )3\ i r -
= )f L e =Y A Y
z K5 i H ' |
'1 ~F .\‘/\ EOCHL HOBY MM, DM, 25 G200 N G, N \N/\j PO a
A \‘ ~ NN

{0768} To a solution of 5-[4-[[1-[4-[{3-{4-cyanc-3-methoxy-phenoxy)-2,2, 4, 4-tetramethyl-
cyclobutyljcarbamoyliphenyl]-4-pipenidyl]methylipiperazin-1-yljpyridine-2-carboxylic acid (170
mg, 249.6% umol, 1.00 eq) in dimethyiformamide (3 mL} was added 1-methylpiperazine (101 mg,
998.78 umol, 109.81 ul, 4.00 eq), I-hvdroxybenzotriazole {51 mg, 374.54 umol, 1.50 eqj, 1-(3-

dimethylaminopropyl}-3-ethylcarbodiimide hydrochloride (72 mg, 374.54 umeol, 1.50 eq} and

o]
]
n
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{38)-3-aminopiperidine-2 6-dione (82.19 mg, 49939 umol, 2.00 eq, hydrochloric acid). The
mixture was stirred at 25 °C for 10 h. LOMS showed the reaction was completed. The mixture
was filtered to give the residue. The residue was purified by preparative high performance liquid
chromatography  (column:  Phenomenex  Synergi  CI8  150%25%10umymobile  phase:
[water(0.225%FA-ACN] B%: 20%-50%,10min} to give S5-{4-{{1-[4-[[3~(4-cvano-3-methoxy-
phenoxy}-2,2,.4,4-tetramethyl-cyclobutylicarbamoyiphenyl}-4-piperidylimethylipiperazin- 1-yl}-
N-[(38})-2,6-dicxo-3-pipendyllpyridine-2-carboxamide (70.60 mg, 87.39 umol, 35% yield} as a
white solid.

{07108} QC-LOCMS: MS (ESH m/z: 791.4 [M+117.

[9711] TH NMR: (400 MHz, DMSO-de)8: 10.85 (s, 1H), 8.73 (d, F=8.4 Hz, 1H), 833 (d, 7 =2.8
Hz, 1H),7.87(d, I=88 Hz, 1H),7.74(d, T= 88 Hz, 2H), 7.65(d, I = 8.8 Hz, 1¥), 7.50 (d, T =
9.2 Hz, 1H), 7.43 (dd, T = 2.8, 8.4 Hz, 1H), 6.96 (d, ] = 9.2 Hz, 2H), 6.64 (d, ] = 2.0 Hz, 1H), 6.54
(dd, T = 2.0, 8.8 Hz, 1H), 475 (ddd, T = 5.2, 7.6, 12.8 Hz, 1H), 4.27 (s, 1H), 4.05(d, T = 9.2 Hz,
1H), 3.91 (s, 3H), 3.87 (br dd, J = 2.0, 11.6 Hz, 2H), 3.35 (br s, 4H), 3.30 (br s, 1H), 2.87 - 2.72
(m, 3H), 2.55 {br s, 2H), 2.53 (br d, = 2.0 Hz, 2H), 2.27 - 2.14 (m, 3H), 2.05 - 1.98 {m, 1H), 1.86
- 1.7S{m, 3H), 1.27 - 1. 18 {m, 8H), 1.15 (s, 6H).

[8712] Chemucal Formula: CasHs4NsQOs, Molecular Weight: 790.95

[0713] ExamprLe 20 — SYNTHESIS OF 5-[4-[[1-[4-[[3-(4-CYANO-3,5-DIMETHYL-PHENOX Y }-2,2.4 4~
TETRAMETHYL-CYCLOBUTYL JCARBAMOYL PHENYL -4-PIPERIDYL IMETHYL JPIPERAZIN-T~YL]-N-
[(38)-2,6-DI0X0-3-PIPERIDYLIPYRIDINE-2-CARBOX AMIDE { COMPOUND 41}

{8714} SCHEME 1S, SUMMARY OF THE SYNTHESIS OF COMPOUND 41
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10718} Step 1. Preparation of tert-butyl 4-(6-{methoxycarbonyllpyridin-3-yhpiperazine-1-

carboxylate
o :'?EH g
BOC/NVJ " O/
= O/ B | IN
N\\\/IN DIPEA, DMSO, N
F 100°C, 2 h N
-
Boc

18716} To a solution of methyl S-flucropyridine-2-carboxylate (900 mg, 580 romol, 1.00 eg)
dimethylsulfoxide (10 mL) was added dusopropylethylamine {(1.50 g, 11.60 mmol, 2.02 ml., 2.00
eq) and tert-butyl piperazine-1-carboxylate (1.08 g, 5.80 muuol, 1.00 eq). The mixture was stirred
at 100 °C for 2h. LUCMS showed that the reaction was completed. The mixtore was added poured
mito ice water {20 ml} and ethyl acetate (20 mL) and the filtered cake was concentrated under
reduced pressure to give tert-butyl 4-(6-methoxycarbonyl-3-pyridyvlipiperazine-1-carboxylate
{1.20 g, 3.73 mmol, 64 % yield) as a white solid, which was used 1n next step divectly.

10717} LOMS: MS (BST) m/z: 322.7 M1

18718} Chemical Formula: CisHa:N3Qy, Molecolar Weight: 321.37

18719} Step 2: Preparation of methyl 5-{piperazin-1-ylpicolinate

[
N3
3
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10728} To a sclotion of tert-butyl 4-{G-methoxyvcarbonyl-3-pyridyl) piperazine-1-carboxylate
{1.20 g, 3.73 mmol, 1.00 eq) in dichloromethane (30 mL) was added hydrochloric acid / dioxane
{4 M, 4 mkb, 4.28 eq). The mixture was stirred at 20 °C for 12 h. LCMS showed that the reaction
was completed. The mixture was filtered and the filtered cake concentrated under reduced pressure
to give methyl S-piperazin-1-ylpyridine-Z-carboxylate (0.90 g, 3.49 mmol, 93% yield,
hydrochloride) as a vellow solid. The solid was used directly to next step.

{0721} LCMS: MS (BSD) m/z 222.2 [M+1]7.

{9722} Chemical Formula: C1iHisN3G2, Molecular Weight: 221 .26

10723} Step 3: Preparation of methyl S5-{(4-({1-{(4-({(1r,31}-3-(d-cvano-3,5-dimethylphenoxy}-
2.2,4 4-tetramethyley dobutyi}carbamoy Yphenyhpipendin-4-yhmethyDpiperazin-1-ylpicolinate

oy p e SN U 1
Vea 0, I Cr A7

/ Ny
J TEA NaBH{ACO);, DOM,DMF 20°C 12 h

HN. -
Hel

18724} To a solution of methyl S-piperazin-1-ylpyridine-2-carboxylate {159 mg, 0.61 mmol, 1.00
eq, hydrochlonide} n dichloromethane (3 mb) and dimethyformamide (2 ml) was added
triethylamine (62 mg, 0.61 mmol, 1.00 eq), acetate acid (37 mg, 0.61 mmol, 1.00 eq) and N-{3-(4-
cyane-3,5-dimethyl-phenoxy3-2,2 4, 4-tetramethyi-cyclobutyl]-4-{4-formyl-1-

piperidybenzamide (300 mg, 0.61 mmol, 1.00 eq). The mixture was stirred at 30 °C for 12 h
Then to the mixture was added sodium borohydride acetate (261 mg, 1.23 mmo}, 2.00 eq}. Then
the mixture was stirred at 30 °C for 1 h. LCMS showed that the reaction was completed. The
reaction was added water {20 ml) and extracted with dichloromethane (30 mL x 3). The organic
iayer was dried over anhydrous sodium sulfate and concentrated under reduced pressure to give a
residue. The residue was purified with preparative high performance liquid chromatography

{column: Phenomenex luna C18 150%40mm™ 15unymobile phase: [water{0.19TFA}-ACN];BY%

228
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32%-52%,10min} to give methyl  S-f4-[{1-14-]]3-(4-cyano-3,5-dimethyl-phenoxy}-2,2,4,4-
tetramethyl-cyclobutyl]carbamoylphenyi}-4-piperidylimethyljpiperazin-1-vl]pyridine-2-
carboxylate (260 mg, 0.37 mmol, 60% yield} as a yellow solid.

[0725] LOMS: MS (ESD) m/z: 693.4 [M+1]",

18726} Chemical Formula: C41Hs:NsQ4s, Molecular Weight: 692.89

{6727} Step 4: Preparation of S5-{4-((3-(4-({({(11,31)-3~(4-cvano-3,5-dimethylphenoxy}-2,2, 4 4-

tetramethyic:zyciebutyi)carbamoyl)phenyi)pi;oeridin-ﬂf—yi)methvi‘)piperazinn 1-yhpicolinic acid

I/\T E J » )
A LA NS AT e «r A . o
\/\ Y Y o~ THE MsOR, : ~F J\,
k//\_, e 30°C,42 h L\/ N

[0728] To a solution of methyl S-{4-[[1-{4-][3~(4-cyano-3,5-dimethvl-phenoxy}-2,2,4 4~
tetramethyl-cyclobutyl]carbamoyliphenyl}-4-pipenidvijmethylipiperazin-1-ylpyridine-2-
carboxvlate (260 mg, 0.37 mmol, 1.00 eq) in tetrahvdrofuran (S mL), methanol (3 rol) and water
{5 mL) was added sodwum hydroxide (120 mg, 3.00 mmol, 8.00 eq). The mixture was stured at
S0 °C for 12 h. LCMS showed that the reaction was coropleted. The muxture was adjusted with
diluted hydrochloric acid (6 M) to pH 3. Then the mixture was filtered and the filtered cake was
concentrated under reduced pressure to give 5-[4-[[1-[4-{[3-(4-cvano-3, 5-dimethyl-phenoxy)-
2,2.4,4-tetramethyl-cyclobutyljcarbamoyiphenyl]-4-piperidyl jmethylpiperazin-1-viipyridine-2~
carboxyhic acid {200 mg, ¢.27 mmol, 74% vield, hydrochlonde} as a yellow solid, which was used
m next step directly.

10729] LCMS: MS (ESI) m/z: 679.2 [M+1]"

{0738} Chemical Formula: CaoHsoNeGs, Molecular Weight: 678.86

{0731} Step 5. Preparation of S5-{4-{{(1-(4-{{{(11,3r)}-3-{4-cyano-3,5-dimethyiphenoxy}-2,2,4,4-
tetramethyleyclobutylicarbamoyljphenyBpiperidin-d-y limethyhpiperazin-1-y [-N-{{5}-2,6~

dioxopiperidin-3-yhpicolinamide, Compound 41
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{0732} To a solution of 5-[4-[[1-[4-[{3-{4-cyano-3,5-dimethvi-phenoxy)-2,2,4 4-tetramethyl-

cyclobutylicarbamoyl]phenyl}-4-piperidylimethylipiperazin-1-yljpyridine-2-carboxylic acid (200
mg, 0.27 mmol, 1.00 eq, hydrochloride) in dimethyformamide (2 mbl) was added 4-
methylmorpholine (141 mg, 1.40 mmol, $.00 eq), hydroxybenzotriazole (45 mg, 0.33 mmol, 1.20
eq) and 3-(ethyhiminomethyleneamine)-N N-dimethyl-propan-1-amine;hydrochlornde (64 mg,
0.33 mmol, 1.20 eq} and (35)-3-anmuinopiperidine-2.6-dione {69 mg, 041 mmol, 1.50 eqg,
hydrochloride). The mixture was stirred at 20 °C for 12 h. LCMS showed that the reaction was
completed. The mixture was added dichloromethane (20 mL) and water (20 mbL). The organic
laver was dried over sodium sulfate and concentrated under reduced pressure to give a residue.
The residue was purified with preparative high performance hiquid chromatography (column:
Shim-pack Ci8 150*25%10um; mobile phase: [water{0.225%FA}-ACNLBY%: 26%-56%, 1 0min}
to give S-[4-[11-4-[[3-(4~cvano-3,5-dimethyl-phenoxy}-2,2,4,4-tetramethy -
cyclobutyljcarbamoy!]phenyl}-4-piperidylimethyljpiperazin- 1 -yI]-N-[(358)-2,6-dioxo-3-
piperidyl]pyridine-2-carboxanude (60.10 myg, 0.07 mmol, 26% yield, 99% purity) as a white sohd.
10733] QC-LCMS: MS (ESD) m/z 791.4 [M+1]"

[0734] 'H NMR. (400 MHz, DMSO-de)3: 10.85 (s, 1H), 8.73 (4, ] = 8.0 Hz, 11, 8.33 (d, I = 2.8
Hz, 1H), 8.14 (s, 1H), 7.87 (d, F= 8.8 Hz, 1H), 7.74 (d, ] = 8.8 Hz, 2H), 7.51 - 7.39 (m, 2H), 6.97
{d, J==92 Hz, 2}, 6.74 {s, 2H), 481 - 4.66 (m, 1H}, 423 (s, 1H), 404 (d, J = 9.2 He, 11}, 3.87
{brd, IJ==12.0Hz 2H), 253 (br d, I =20 Hz, 6H), 2.44 {5, 6H}, 2.05- 1.96 (m, 1H}, 1.82{brd, ¥
= 11.6 Hz, 3H), 1.22 (s, 8H), 1.13 (s, 6H).

{87358} Chemical Formula: CasHaeNaOs, Molecular Weight: 788.98

{0736} ExamMPLE 21 - SYNTHESIS OF 4-[(QR}-2-{[ISOPROPYL[{1R,3R}-3-{(4-[[{38}-2,6~
DIOXOPIPERIDIN-3-YL JCARBAMOYL |- 3-FLUOROPHENOXY }CYCLOBUTYLJAMING [METHYL
MORPHOLIN-4-YL}-N-[{1R,3R}-3-{4-CYANO-3-METHOXYPHENOXY }-2,2,4,4~
TETRAMETHYLCYCLOBUTYLRENZAMIDE {({COMPOUND 43) AND 4-[{25)-2-([1SOPROPYL{{ 1R, 3R}-3-

{4-[{(35)-2,6-DIOXOPIPERIDIN-3-YL [CARRAMOYL |-3-FLUOROPHENOXY })CYCLOBUTYL JAMING|
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METHYL JMORPHOLIN-4-YL }-N-[{1R, 3R }-3-{4-CY ANQ-3-METHOXYPHENOXY }-2,2,4,4-
TETRAMETHYLCYCLOBUTYL [RENZAMIDE {COMPOUD 44}

{0737} SCHEME 16. SUMMARY OF THE SYNTHESIS OF COMPOUNDS 43 AND 44
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{8738} Step 1: Synthesis of tert-butyl 4-[(2R)-2-(hydroxymethy! ymorpholin-d-yllbenzoate
[8739] Into a 250 mL round-botiom flask, was placed {2R}-morpholin-2-yimethanol (100 g, 854
mmol, 1.0 equiv), tert-butylt 4-flucrobenzoate (16.7 g, 854 mmol, 1.0 equiv), BIEA (331 g, 251
mmol, 3.0 equiv) in BMSO (25 ml). The resulting sohution was stirred for 16 hours at 120°C i
an ol bath. The reaction was then quenched by the addition of 10 ml. of water. The resulting
solution was extracted with ethyl acetate {50 mL x2} dried over anhydrous sodium sulfate and
concentrated. The residue was applied onto a silica gel column with ethy! acetate/petroleum ether
{1:1}). This resulted in 4.5 g (18%) of tert-butyl 4-[(2R}-2-(hydroxymethyl) morpholin-4-yi]
benzoate as vellow o1l

[0740] LC-MS (ES™): m/z 294 40[MH™], tr = 1.58min (2.9 minute run).

10741} Step 2: Synthesis of tert-butyl 4-[{(ZR)-2-formylmorpholin-4-yllbenzoate

231
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10742} Into a 250 mb 3-necked round-bettom flask purged and maintamed with an inert
atmosphere of nitrogen, was placed DUM (20 mL}. This was followed by the addition of (COCTn
(1.5 mL}y at -78. To this was added a solution of BMSO (3 mL} in DUM (6 mL} at -78°C. To the
mixture was added a solution of tert-butyl 4-[{ZR)-2-(hvdroxymethy!l) morpholin-4-y1} benzoate
{2.0 g} in DCM (10 mL) at -78°C. To the mixture was added a solution of TEA (6 mbL) in DCM
{15 mL} at-78 °C. The resulting solution was stirred for 1.5 hours at -78° C. The reaction was then
quenched by the addition of 100 mL of water. The resulting solution was extracted with
dichloromethane (100 mb x3) and the organic lavers combined. The resulting mixture was washed
with x of brine. The mixture was dried over anhydrous sodium sulfate. The solids were filtered
out. The resulting mixture was concentrated under vacuum. This resulted in 1.37 g of tert-butyl 4-

[(2R}-2-formylmorpholin-d-y1] benzoate as a yellow oil.

[8743] Step 3. tert-Butyl 4-[2-([isopropyl{{1r, 3r}-3-[3-fluoro-4-{methoxycarbonyl) phenoxy}
cyclobutyl] amino] methyl) morpholin~-d-yljbenzoate

18744} Toto a 100 mL round-bottom flask, was placed tert-butyl 4-[{2R)-2-formyimorpholin-4-yi}
benzoate (1.1 g, 37 mwol, 1.0 equv), methyl 2-fluoro-4-[{1r, 31)-3-(1sopropylamino)
cyclobutoxy] benzoate (1.1 g, 3.9 mmol, 1.0 equivy i DCE (3 mL), STAB (25 g, 0.1 mumol, 3.0
equiv). The resulting solution was stirred for 2 hours at room temperature. The reaction was then
quenched by the addiion of 1 ml of water. The resulting solution was extracted with
dichioromethane (20 mL x2) dried over anhydrous sodium sulfate and concentrated. The residue
was applied onto a silica gel column with ethyl acetate/petroleum ether (1:1). This resulted in 650.0

3

mg (31%} of tert-butyl 4-[2-(Jisopropyl [(1r, 31)-3-[3-fluoro-4-(methoxycarbonyl) phenoxy]
cyclobutyl] amino] methyl) morpholin-4-y1} benzoate as a yellow solid.

[0748] LC-MS (BS™): m/z 557 35[MHT], ta = 2 41min {2.9 minute run)

{8746} Step 4: Synthesis of 4-[2-({isopropyli{1r, 31)-3-[3-flucro-4-(methoxycarbonyl} phenoxyl}
cyclobutyl] amino] methyl} morpholin-d-yllbenzoic acid: Into a 50 mL round-bottom flask, was
placed tert-butyl 4-[2-([isopropyl [{1r, 3r}-3-3-fluoro-4-{methoxycarbonyl) phenoxy] cyclobutyl]
amino] methyl} morpholin-4-yl1] benzoate (650.0 mg, 1.2 mmol, 1.0 equivy in DCM (10 mL),
irifluoroacetaldehyde (5 mL). The resulting solution was stirred for 1 hour at room temperature,

The resulting mixture was concentrated. This resulted in 4950 mg (84%) of 4-[2-(]
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isopropylf(1r,3r)-3-{3-fluoro-4-
{methoxycarbonyljphenoxyjcyclobutyljaming]methylymorpholin-4-ylibenzeic acid as vellow oil.

0747} LC-MS (BS™): m/z 501 2iMHT], te = 1 32min (4.9 minute run)

10748} Step 5: Synthesis of methyl 2-fluoro-4-[(1r, 30)-3-[isopropvi({[4-(4-{[{1r, 31)-3-(4-cyano-
3-methoxyphenoxy)-2, 2, 4, 4-tetramethylcyclobutyl] carbamoyl] phenyl) morpholin-Z-yi]
methyl]} amino} cyclobutoxyibenzoate: Into a 100-mb round-bottom flask, was placed 4-[2-
{[isopropyvl[(11,31)-3-] 3-fluoro-4-{methoxycarbonyl}phenoxy]oyclobutyljamino}methyi)
maorpholin-d-ylibenzoic acid (495.0 mg, 0.9 mmol, 1.0 equiv), Z-methoxy-4-[(1r 3r)-3-amino-
2.2.4, 4-tetramethyleyclobutoxylbenzonstrile (271.3 mg, 0.9 mmol, 1.0 equiv} in DMF (5 mbL),
DIEA (3834 mg, 29 mmel, 3.0 equiv), BOP (5248 mg, 1.2 mmol, 1.2 equiv). The resulting
solution was stitred for 1 hour at room temperature. The reaction was then quenched by the
addition of 2 mL of water. The resulting solution was extracted with ethyl acetate (20 mix2) dried
over anhyvdrous sodium sulfate and concentrated. The residue was applied onto a silica gel column
with ethyl acetate/petroleum ether (2:1). This resulted n 435.0 mg (58%) of methyl 2-fluoro-4-
[(tr,  3ep-3-[isopropy  ([[4-(4-[[(1r, 3v)-3-(4-cyano-3-methoxyphenoxy)-2, 2, 4, 4-
tetramethylcyclobutyl] carbamovl] phenyl) morpholin-2-vl] methyl]) amuno] cyclobutoxy]
benzoate as a yellow solid.

[0749] LC-MS (ES™y: m/z 757 2[MH™], r = 3 49min (4.9 mime run)

{0756} Step 6. Synthesis  of  2-fluore-4-[{11,3r}-3-[1sopropyi{j{4-{4-[[{11,3r}-3-(4-cyano-3-
methoxyphenoxy)-2,2,4,4-tetramethyicyclobutyljcarbamoytiphenymorpholin-2-

viimethyiDaminelcyclobutoxylbenzoic acid:  Inte a 100 mL round-bottom flask, was placed
methyl 2-fluore-4-{(11, 31)-3-[1sopropyl({{4-(4-[[{11,31}-3-{4-cvano-3-methoxyphenoxy}-2, 2, 4,
4-tetramethyleyclobutyl] carbamoyl] phenyvl) morpholin-2-vl] methyl]) amino] cyclobutoxy]
benzoate {435.0 mg, 0.6 mmol, 1.0 equiv) in MeOH (5 mL}, caustic soda {91.9 mg, 2.3 mmol, 4.0
equiv) in Fb(Q (2.00 mL). The resulting solution was stirred for 2 hours at room temperature. The
resulting solution was extracted with ethyl acetate {20 mL x2) dried over anhydrous sodium sulfate

and concentrated. This resulted in 380.¢ mg (89%) of 2-fluoro-4-[{11, 3r}-3-{1sopropyl ({[4-(4-

o]
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[i(1r, 3r)-3-(4-cyano-3-methoxyphenoxy)-2, 2, 4, 4-tetramethylcyclobutyl] carbamoyl] henyl)
orpholin-2-y1} methyl]} amino} cyclobutoxy] benzoic acid as a yellow solid.

{0781} LOC-MS (BS™): m/z 743 35[MHT], ta = 1 26min {2.9 minute run)

10752} Step 7a. Synthesis of 4-[(ZR)-2-({isopropyl{(ir, 3r)-3-(4-[[(38)-2, 6-dioxopiperidin-3-yli]
carbamoyli-3-fluorophenoxy} cyclobutyl] amino] methyl) morpholin-4-y1}-N-[(1r, 31}-3-(4-
cyano-3-methoxyphenoxy)-2, 2, 4, 4-tetramethylcyclobutyl} benzamide, Compound 43: Intoa 50
mi. round-bottom flask, was placed 2-fluora-4-[(11, 31}-3-[isopropvi{{[4-(4-[[{1r, 31)}-3-{4-cyano-
3-methoxyphenoxy}-2, 2, 4, d-tetramethylcyclobutyl] carbamoyl] phenvl) morpholin-2-yl
methyl]) amino] cvclobutoxylbenzoic acid {(280.0 mg, 04 mmol, 1.0 eguiv), (35)3-
aminopiperidine-2,6-dione {72.4 mg, 0.5 mmol, 1.5 equiv) in DMF (3 mL), NMM (1144 mg, 1.1
mmol, 3.0 equiv), HOBT (61.1 mg, 0.4 mmol, 1.2 equiv), EDCI (86.7 mg, 0.4 mmol, 1.2 equiv).
The resulting solution was stirred for 4 hours at room temperature. The reaction was then quenched
by the addition of 1 mL of water. The resulting solution was extracted with ethyl acetate (20 mL
x2} dried over anhydrous sodium sulfate and concentrated. The residue was applied onto a silica
gel columm with dichloromethane/methanol (10:1}). The crude product was purified by Chiral-
Prep-HPLC with the followmg conditions: MTRE (0.1%DEA}EtOH=30:50, colwnn:
ChiralWHELK-014, Size :6%S0mm, 3.5 ooy This resuited 1u 74.9 mg (23%) of 4-[(2R)-2-
{[1sopropylf{1r,3r}-3-{4-[[{38)-2, 6~-dioxopiperidin-3-yljcarbamoyl]-3-
flucrophenoxy)eyclobutyljamino jmethyDmorphobin-4-yH-N-{(1r,3r)-3-(4-cyano-3-
methoxyphenoxy)-2,2,4, 4-tetramethyicyclobutylfbenzamide as a off-white sohid.

W75 T NMR (400 MHz, DMSO-de) 5 10.90 (5, 1H),8.45-8.20 (m, 1H), 7.90-7.73 (m, 2H),7.72-
7.60 {m, 2H), 7.59-742 (m, 1H}, 7.06-6.87 {m, 2H), 6.86-6.70 (1, ZH}, 6.69-6.60 (m, 1H}, 6.55-
6.45 (m, 1H), 4.90-4.69 (m, 2H), 4.33-4.21 (m, 1H)}, 4.15-4.00 (m, 1H), 3.99-3.83 (m, 4H), 3.82-
3.45 {m, 7H), 3.05-2.90 (m, 1H), 2.85-2.70 (m, 2H), 2.46-2.35 (m, 3H), 2.22-1.83 (m, 4H), 1.25-
1.20 (m, 7H},1.18-1.10 {m, 6}, 1.05-0.88 (m, 6H).

[6734] LC-MS (BS™): nv/z 853 45]MH"], tr = 3.61 min (4.9 minute run).

18755} Chemical formula; CarHs7FNeQg [852.42]

10756} Step 7b.  Synthesis of 4-[{28)-2-({isopropyli(1r, 31)-3-(4-{[{38}-2, 6-dioxopiperidin-3-yli}

carbamoyli-3-fluorophenoxy} cyclobutyl] anuno] methyl) morpholin-d-y1}-N-[{1r, 31)-3-(4-
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cyano-3-methoxyphenoxy)-2, 2, 4, 4-tetramethylcyclobuiyl} benzamide, Compound 44 Intca 50
mL round-bottom flask, was placed 2-fluore-4-[(ir, 31}-3-[isopropyl{{]4-(4-{{(1r, 31)-3-(4-cyano-
3-methoxyphenoxy}-2, 2, 4, 4-tetramethylcyclobutyl] carbamoyl] phenyl} morpholin-2-yi}
methyl]}) amino] cyclobutoxylbenzoic acid (280.0 mg, 0.4 mmol, 1.0 equv), (385)-3-
aminopiperidine-2,6-dione {72.4 mg, 0.5 mmol, 1.5 equiv} in DMF 3 mL), NMM (114 4 mg, 1.1
mmol, 3.0 equiv), HOBT (61.1 mg, 0.4 mmol, 1.2 equiv), EDCI (86.7 mg, 0.4 mmol, 1.2 equiv}.
The resulting solution was stirred for 4 hours at room temperature. The reaction was then quenched
by the addition of 1 mL of water. The resulting solution was extracted with ethyl acetate (20 mL
x2} dried over anhydrous sodium sulfate and concentrated. The residue was applied onto a silica
gel column with dichloromethane/methanol (10:1). The crude product was purified by Chiral-
Prep-HPLC with the following conditions: MTBE (0.1%DEAYEQOH=50:50, column:
Chiral WHELK-014, Size :6%S0mm, 3.5 um; This resulted i 581 mg (18%) of 4-[(28)-2-
{[isopropylf{1r,3r)-3-(4-[[{38)-2.6-dioxopipenidin-3-viicarbamoyl]-3-
fluorophenoxyeyclobutyljamino]methyDmorpholin-4-y1-N-[{{1r,3r)}-3-{(4-cyano-3-
methoxyphenoxy)-2,2,4, 4-tetramethylcyclobutyllbenzamude as a off-white sohid.

W57 I NMR (400 MHz, DMSO-ds) & 10.85 (s, 1H), 8.52-8.15 (m, 1H), 7.88-7.72 (m,
2H,7.71-7.57 (m, 2H), 7.56-7.35 {m, 1H),7.15-6.87 (1, ZH), 6.86-6.70 (m, 2H}, 6.69-6.59 {(m,
1H}, 6.58-6.40 {m, 1H), 4.95-4.63 {im, 2H), 4.40-4.23 {m, 1H), 4.10-4.00 (o, 1H}, 3.99-3.95 {m,
1H), 3.94-3.88 (m, 3H), 3.86-3.75 (m, 1H), 3.70-3.60 {m, 34, 3.59-3.48 (m, 1H), 3.47-3.40 {m,
1H), 3.05-2.92 (m, 1F1),2.85-2.70 (m, 2F), 2.55-2.50 (mm, 2H), 2.48-2.32 {m, 3H), 2.30-2.05 {(m,
3H), 2.04-1.90 {m, 1), 1.30-1.21 (m, 63, 1.20-1.03 (m, 64, 1.01-0.80 (mn, SH).

{0758} LC-MS (ES™) m/z &5345[MH], tr = 2.03 min (2.9 munute run).Chemical formula:
CarHs7ENeOg [852.42)

{87589} EXAMPLE 22 — SYNTHESIS OF N-{{3R}-2,0-DIOXOPIPERIDIN-3-YL |- 2-FLUCRO-4-{4-[{ (2R }-4~
{(4-H{{(1R,3R}-3-{4-CYAND-3,5-DIMETHYLPHENGXY}-2,2,4,4-

TETRAMETHYLCYCLOBUTYL JCARBAMOYL [PHENYL IMORPHOLIN-2-YL METHYL |PIPERAZIN-1 -
YLIBENZAMIDE { COMPOUND 483 AND N-{{38)}-2, 6-DIOXCPIPERIDIN-3-YL]-2-FLUQORG-4-{4-{{{ZR}-4~
{4-I{{1R, 3R )}-3~(4-CYANG-3, 5-DIMETHYLPHENOXY)-2,2,4,4-

TETRAMETHYLCYCLOBUTYL JCARBAMOYL [PHENYL MORPHOLIN-2-YL [METHYL |PIPERAZIN-1-

YL)BENZAMIDE; BIS{FORMIC ACID} {COMPOUND 49}

o]
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{0768} SCHEME 17: SUMMARY OF THE SYNTHESIS OF {U'OMPOUNDS 48 AND 49.
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18761} Step 1: Synthesis of tert-butyl 4-{(28)-2-(hydroxymethyhimorpholin-4-vilbenzoate

{0762] Into a SO0-mL  round-bottom flask, was placed [(28)-morpholin-2-ylimethanc!
hydrochloride (200.00 mg, 1.30 mmol, 1.00 equiv) in DMSO (8.00 mL), to which was added DIEA
{841.37 mg, 6.51 mmol, 5.00 equiv), tert-butyl 4-fluorobenzoate (383.22 mg, 1.95 mmeol, 1.50
equiv). The resulting solution was stirred for 30 hr at 120°C in an o1l bath. The reaction mixture
was cooled to room temperature. The resulting solution was diluted with SO mi of DCM. The
resulting mixture was washed with 50 L of HoO and (3 x 50 mb) of brine. The mixture was dried
over anhvdrous sodium sulfate. The solids were filtered out The resulting mixture was
concentrated under vacuum. This resulted in 180 mg {crude) of tert-butyl 4-[(285)-2-
{hydroxymethyhmorpholin-4-yllbenzoate as light yellow oil.

{0763} LC-MS (BS™): m/z 294.10 [M+H"], tr = 0.93 min (1.9 minute run}.

[9764] Step 2: Synthesis of tert-butyl 4-[{2S)-2-formylmorpholin-4-yijbenzoate

[8763] Into a 100-mL 3-necked round-bottom flask purged and maintained with an nert
atmosphere of nitrogen, was placed (COCI): (0.40 mL, 4.70 ramol, 9.18 equiv) m DCM (20.00
mL}, to which was added DMSQC (0.80 ml., 11.26 mumol, 22.03 equiv) in BCM (6.00 mL) over 30
min at ~78°C, after completion of the addition, the muxture was stirred at -78°C for 5 ramn, followed
by addition of a solution of tert-buty] 4-[(28)-2-(hydroxymethymorpholin-4-yi}benzoate (150.00
mg, 0.51 mmol, 1.00 equiv) in DCM (6.00 mL) over 20 min at -78°C, and the resulting mixture
was stirred for 20 min, then EtsN (3.50 mi, 2518 mmol, 49.25 equiv) was added dropwise over
10 min. The resulting solution was allowed to warm to 0°C and stirred for 1 hr at 0°C for 30 min.
The reaction was then quenched by the addition of 50 mL of water. The resulting solution was
diluted with SO mi. of DCM. The resulting muxtore was washed with 30 mi of Ho(b and (3 x 50
mL} of brine. The mixture was dried over anhydrous sodiom sulfate. The solids were filtered out.
The resulting mixture was concentrated under vacuum. This resulted in 120 mg {(crude) of tert-
butyl 4-[{ZS}-2-formyimorpholin-4-ylibenzoate as a vellow solid.

{0766} Step 3. Synthesis of methyl 4-(4-[[(ZR)-4-{4-(tert-butoxycarbonyliphenyiimorpholin-2-
viimethyl] piperazin-1-yl}-2-fluorobenzoate

18767} Into a 100-mL round-bottom flask, was placed tert-butyl 4-[(28)-2-formyimorpholin-4-
ylibenzoate {950 mg, 3.26 mmol, 1.00 equivy, DCE (25 mL), MeOH (10 mL}, methyl 2-fluore-4-
{piperazin-1-yl}benzoate {780 mg, 3.26 mmel, 1.00 equiv), STAB (690 mg, 3.26 mmol, 1.00

equiv}. The resulting solution was stirred for 15 min at room temperature. The resulting mixture

()
W
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was washed with 1x60 mL of Water. The resulting solution was extracted with 3x60 mbL of
dichloromethane and the organic layers combined and dried over anhydrous sodium sulfate. The
sohids were filtered out. The resulting mixture was concentrated. The residue was apphied onto a
silica gel column with ethy! acetate/petroleum ether {0%:100%-30%:70%). This resulted in 515
mg {31%) of  methyl 4-(4-[[(2R)-4-[4-(tert-butoxycar-bonyljphenyiimorpholin-2-
viimethyljpiperazin-1-y)-2-fluorobenzoate as an off-white solid.

LC-MS (ES+): nv/z 514.25 [MH+], tr = 0.64 nun (1.2 nunute run}.

10768} Step 4 Synthesis of  4-(4-[[(2R)-4-{4-(tert-butoxycarbonyljphenvijmorpholin-2-
viimethyljpiperazin-1-yi) -2-fluorobenzoic acid
Inte a 250-mL round-bottom flask, was placed methyl 4-(4-[[(ZR)-4-[4-(tert-
butoxvcarbonyliphenyi] morphohin-2-yijmethylipiperazin-1-y}-2-fluorobenzoate {540 mg, 1.08
nunol, 1.00 equiv), MeOH (40 mL), H20 (12 ml), LiOH-H20 (880 mg, 21.04 mmol, 20.00
equiv). The resulting solution was stirred for 3 hr at 40°C. The resulting mixture was concentrated
under vacuum. The pH value of the solution was adjusted to 7 with HCY/H20 (1 mol/L). The solids
were collected by filtration. This resulted . 039 g (74%) of 4-(4-[[(2R)-4-{4-(tert-
butoxyearbonyphenylimorphohin-2-yljmethyllpiperazin-1-y1)}-2-fluorobenzoic acid as a hight
vellow solid.

[8769] LO-MS (ES+): m/z 560.30 [MH+], tr = (.79 oun (1.5 minote run}.

{8778} Step 5 Synthesis  of tert-butyl  4-[(ZR}-2-{[4-(4-[[{38)-2,6-dioxopiperidin-3-
vljcarbamoyl}-3-fluorophenyl) piperazin-1-ylimethylimorphohin-4-yljbenzoate
Into  a 100~-mL round-bottom flask, was placed 4-(4-[[{(2R)-4-[4-(tert-
butoxyvearbony Dphenylimorpholin-2-yllmethylipiperazin-1-v1}-2-fluorobenzoic acid (330 mg,
0.66 mmol, 1.06 equiv), DMF (20 mbL), HATU (380 mg, 0.99 mmol, 1.50 equiv), a solution of
DIEA (850 mg 6.62 mmol, 10.00 equiv} in DMF (15 mL}, (38)-3-aminopiperidine-2 6-dione (130
mg, 1.02 mmol, 1.50 equuv). The resulting solution was stirred for 1 hr at room temperature. The
reaction was then quenched by the addition of 50 mL of water. The resulting solution was extracted
with 3x50 mb of ethyl acetate and the organic layers combined. The resulting mixture was washed
with 1x100 mL of bring. The mixture was dried over anhydrous sodium suifate and concentrated

under vacuum. The residue was applied onto a silica gel column with dichloromethane/methanol
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{15:1). This resulted in 302 mg (74%) of tert-buty! 4-[{ZR)-2-{{4-(4-[[(35)-2,6-dioxopiperidin-3-
ylicarbamoyl]-3-flucrophenyl}piperazin-1-yljmethy imorpholin-d-yl}benzoate as a brown solid.
10771} LC-MS (ES+) my/z 610.30 [MH+], tr = 0.57 nun (1.2 munute run).

{0772} Step 6. Synthesis of 4-[(ZR)-2-{{4-(4-[[(38)-2,6-dioxopiperidin-3-yljcarbamoyl}-3-
fluorophenylpiperazin-1-yljmethylimorpholin-4-yl}benzoic acid
Intc a 100-mL round-bottom flask, was placed tert-butyl 4-[(2R}-2-[{4-(4-[[(35)-2,6-
dioxopiperidin- 3-yilcarbamovli-3-fluorophenylipiperazin-1-yljmethylimorpholin-4-yljbenzoate
{400 mg, 0.66 mmol, 1.50 equiv), dichloromethane (20 mL), TFA {5 mL}. The resulting solution
was stirred for 30 min at room temperature. The resulting mixture was concentrated under vacuum.
The residue was applied onto a silica gel column with dichloromethane/methanol (§:1). This
resulted in 113 meg (30%) of 4-[QR)-2-[[4-(4-[1(35)-2,0-dioxopiperidin-3-yljcarbamoyl]-3-
fluorophenyl}piperazin-1-yl}methyljmorpholin-4-yllbenzoic acid as a off-white solid.

187731 LC-MS (ES+): mv/z 554.20 [MH+], tr = 0.45 mun {1 .2 minute run}.

{0774} Step 7a: Synthesis of N-[(3R}-2,6-dioxopiperidin-3-yl}-2-fluoro~-4-(4-[[{ 2R)-4-(4-
[H(11,3r)-3-(4-cyano-3,5-dimethyiphenoxy 3-2,2,4, 4-tetramethyicyclobutyearbamoyl jphenyl)
morpholin-2-vliruethyllpiperazin~-1-ylbenzamide, Compound 48:

187753} Tuto a 100-mL round-bottom flask, was placed 4-[(ZR}-2-[[4-(4-[[(35)-2,6-dioxopipendin-
3-y1] carbamoyli-3-tluorophenyipiperazio- i-yimethylimorpholin-d-yiibenzoic acid (90.00 mg,
0.16 mmol, 1.00 equiv), DMF (12 mL}, HATU (92.80 mg, 0.24 mmol, 1.50 equuv), a solution of
DIEA (20990 mg, 1.62 mmol, 10.060 equiv) in DMF (2 mLl), 2,6-dimethyl-4-[(1r,3r)-3-amino-
2,2.4,4-tetramethyleyclo-butoxyibenzontirile {(61.00 mg, 0.206 mmol, 1.20 equiv). The resulting
solution was stirred for 10 min at room temperanire. The resulting mixture was washed with 1x30
mkb of Water. The resulting solution was extracted with 3x30 mL of ethyl acetate and the orgamic
iayers combined. The resulting mixture was washed with 1 x50 of brine. The mixture was dried
over anhydrous sodium suffate. The solids were filtered out. The resulting mixture was
concentrated under vacuum. The residue was applied onte a silica gel column with
dichloromethane/methanol (15:1}. The crude product was purified by Flash-Prep-HPLC with the
followmng conditions: Column, C18 silica gel; mobile phase, H20/ methanol =100%/0% ncreasing
to Ha0/ methanol =14%/86% within 45min; Detector. The productwas purified by chiral
separation with the following conditions: Column: Chiralpak IC, 2%25cm, Sum; Mobile Phase A:

DCM, Mohbile Phase B: EtOH (8mmol/L NH3 MeQOH; Flow rate: 20 mbL/min; Gradient: 50% B 1o

o]
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50% B in 11 min; 220/254 nm; This resulted i1 21.5 mg of N-[(3R)-2,6-dioxopiperidin-3-y1}-2-
fluoro-4-(4-f[{(ZR)-4-(4-[[{11,3r)-3-{4-cyano-3,5-dimethylphenoxy}-2,2,4,4~
tetramethylcyclobutyljcarbamoylpheny}morpholin-2-ylimethv!ipiperazin-1-yi}benzamide

{absolute sterecchemistry tentatively assigned} as a white solid.

{0776} "HNMR (400 MHz, DMSO-d6) § 10.85 (s, 1H), 8.06 (m, 1F), 7.78 (m, 2H), 7.64 (m, 1H),
7.53 (m, 1H),7.00 (m, 2H), 6.87 - 6.72 {m, 4H), 4.73 (s, 1H), 4.23 (s, 1H), 4.04 (m, 3H), 3.77 (m,
SH), 2.77 {m, 3H), 2.60 {(m, 6H), 2.43 {5, SH), 2.18-1.92 {m, 4H), 1.22 -1.12 (m, 14H); LC-MS
{ES+): m/z 808.25 [M+H+], tr = 1.21 min (3.00 minute run).

{9777} Chemical Formula: CasHssFN7Os [807.41]

10778} Step 7b: Synthesis of N-[(3R)-2,6-dioxopiperidin-3-y1]-2-flucro-4-{4-[[{(2ZR}-4-(4-[[(1r. 31}
-3-(4-cvano-3,5-dimethylphenoxy)-2.2 4 4-tetramethylcyclobutyljcarbamoyliphenyDmorpholin-

2-yljmethylipiperazio-1-ybenzamide, Compound 49
Into a 100-ml. round-bottom flask, was placed 4-[{2R)-2-[{4-(4-[[(38)-2,6-dioxopiperidin-3-yl1]
carbamoyl-3-fluorophenyhpiperazin-1 -vloethyl frnorpholin-4-yltbenzoie acid (90.00 mg, 0.16
romol, 1.00 equav), DMF (12 mL), HATU (92.80 mg, 0.24 ramol, 1.50 equiv), a solution of DIEA
{209.90 g, 1.62 mmol, 10.00 equiv) in DMF (2 md), 2,6-dimethyl-4-[{1r,3r)-3~-amino0-2,2,4.4-
tetramethylcyclo-butoxylbenzonitrile {61.00 rog, 0.20 mmol, 1.20 equiv). The resulting solution
was stirred for 10 min at room temperature. The resulting mixture was washed with 1x30 mL of
Water. The resulting solution was extracted with 3x30 mi of ethyl acetate and the organic layers
combined. The resulting mixture was washed with 1 x50 of brine. The muxture was dried over
anbydrous sodium sulfate. The solids were filtered out. The resulting mixture was concentrated
under vacuum. The residue was applied onto a silica gel column with dichloromethane/methanc!
{15:1). The crude product (90.00 mg) was purified by Flash-Prep-HPLC with the following
conditions {(IntelFlash-1}; Column, C18 silica gel; mobile phase, H20/MeOH=100%/0%
increasing to H20/MeOH=14%/86% within 45mim; Detector. The product (60.00 mg} was
purified by chiral separation with the following conditions: Column: Chiralpak IC, 2*25cm, Sum;
Mobile Phase A: DCM, Mobile Phase B:EtOH (8mmol/L NH3 MeOH; Flow rate:20 mL/min;
Gradient: 50 B to S0 B in 11 min; 220/254 nm; RT1:5.86; RT2:9.36; The product was obtained.
This resulted in 11.2 mg of N-[(38}-2,6-dioxopiperidin-3-yi]-2-fluoro-4-(4-[[(2R}-4-(4-[[ (11,31}~

3-(4-cyano-3,5-dimethyliphenoxy}-2.2 4 4-tetramethyleyclobutyljcarbamovliphenyhmorpholin-
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2-ylimethylipiperazin-1-ybenzamide; s{formic acid) (stereochemistry tentatively assigned} as
a white solid.

10779} 'H NMR (400 Mz, DMSO-d6) 5 10.85 (s, TH), 8.06 {m, 1H), 7.78 (m, 2H), 7.64 (m, 1H),
753 {m, THY, 7.00 {m, 2H), 6.87 (m, 1H}, 6.72 (m, 3H), 4.73 (5, 1H), 423 5, 1H}, 4.04 {m, ZH),
3.43-3.82 (m, 6H), 2.77 (m, 3H), 2.60 {m, 6H), 2.43 (m, SH), 2.28-1.92 (m, 4H), 1.22 (s, 7TH), 1.12
{s, TH}; LC-MS (ES+): m/z 808 20 [M+H+], r = 1.17 mun (3.00 minute run).

10788} Chemical Formula: CasHssFN7Og {807 41]

[8781] Exampre 23 —  SYNTHESIS  OF (3R, 3" R)-4-({1-(4-({{ 1R 3R)-3-(4-CYANO-3,5-
DIMETHYLPHENOXY -2, 2,4, 4-TETRAMETHYLOYCLOBUTYL JCARBAMOY L IPHENYL JPIPERIDIN-4-
YLIMETHYL)-N-(2,6-DIOXOPIPERIDIN-3-YL}-2,7, 1 2-TRION A-4-A2A-1 (1, 2}-BENZENA-3(1,3)-
CYCLOBUTANACYCLODODECAPHANE- 1 -CARBOXAMIDE (COMPOUND 64)

{9782} ScHeEME 18 SUMMARY OF THE SYNTHESIS OF COMPOUND 64
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10783} Step 1: Methyl 4-benzyloxy-3-hydroxy-benzoate

{9784} To a solution of methyl 3, 4-dihydroxybenzoate {(10.00 g, 5947 mmol, 1.00 eg) and
potassium carbonate (8.22 g, 59.47 mmol, 1.00 eq} in acetonirile (120 mi) was added benzyl
bromide (10.17 g, 59.47 mmol, 7.06 mL, 1 00 eq). The mixture was stirred at 80 °C for 12 h under
hydrogen atmosphere. LCMS showed that the reaction was completed. The mixture was filtered.
The filtrate was concentrated under reduced pressure to give the residue. The residue was diluted
with water (100 mL) and extracted with dichloromethane (200 mL). The organic layer was dried
over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to give a residue.
The residue was purified by column chroratography on silica gel (petroleum ether: ethyl acetate
=201 to 10:1) to give methyl 4-benzyloxy-3-hydroxy-benzoate (12.00 g, 46.46 mumol, 78% vield)

as a white solid.
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10785} LOMS: MS (BST) m/z: 259 1[M+1] ™.

[0786] 'H NMR: (400 MHz, CDC)S:7.69 - 7.57 (m, 2 H), 7.50 - 7.35 (m, 5 H), 6.97 (d, J=8.4
Hz, 1 H), 5.82-5.70 (m, 1 H), 5.19 (s, 2 H), 3.94 - 3.84 (m, 3 H).

{8787} Chemical Formula: CisHi4O4, Molecular Weight: 258.27

10788} Step 2:  Preparation of methyl 4-benzyloxy-3-(2-trimethyisilylethoxymethoxy) benzoate

o
O

o
HO~ \/L\t}/ Kz\x}i

Br'.\o Lo DME,

O A
L SEMONTN N

B“\ﬁ/ N

10788} To a solution of methyl 4-benzyloxy-3-hydroxy-benzoate (2.30 g, 8.91 mmol, 1.00 eg) in
dimethyHormamide (20 mb) was added potassium carbonate {(2.46 g, 17 81 mmol, 2.00 eg) and 2-
{trimethyisilyl}ethoxymethyl chloride (4.45 g, 2672 mmol, 4.73 mL, 3.00 eq). The nuxture was
stirred at 60 °C for 12 h. LCMS showed that the reaction was completed. The reaction mixture
was concentrated under reduced pressure to give the residue. The residue was diluted with water
{100 mL) and extracted with ethyl acetate (200 mL). The organic layer was dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure to give a residue. The residue
was purified by column chromatography on silica gel (petroleum ether: ethyl acetate = 20:1 1o
10:1) to give methyl 4-benzyloxy-3-(2-trimethylsilylethoxymethoxy) benzoate (230 g, 592
mmol, 66% vield) as a colorless oil.

[0790] LCMS: MS (BESD nvz: 411 1[M+23]7,

[{0791] H NMR: (400 MHz, CDCE)5: 7.83 - 7.79 (m, 1 H), 7.69 - 7.64 (m, 1 H), 7.45 - 7.34 {m,
S5HY, 695-690(m, 1 H}, 532(s, 2 H), 522 (s, 2H), 3.87 (s, 3 H},3.86~3.80 {m, 2 H), 0.98 -
0.94 (s, 2 H), 0.00 (5, 9 H).

10792} Chemical Formula: C2iHasGsS1, Molecular Weight: 388.53

2

{0793} Step 3; Preparation of methyl 4-hydroxy-3-(2-trimethylsilviethoxymethoxyYbenzoate.

O/

PU/C
PPN

SEM O O
Bn\o o

{8794} To a solution of methy! 4-benzyloxy-3-(2-trimethylsilylethoxymeathoxy }benzoate {6.25 g,

16.09 mmol, 1.00 eq} in methanol (80 mL} was added palladium on activated carbon catalyst (10%,

o
i
(]
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1.20 g} under nitrogen atmosphere. The suspension was degassed and purged with hydrogen for
3 times. The mixture was stirred under hydrogen atmosphere (15 Psiy at 40 °C for 12 h. Thin
fayer chromatography {petroleum ether: ethyl acetate = 3: 1} showed that the reaction was
completed. The mixture was filtered. The filtrate was concentrated under reduced pressure to give
methyl 4-hydroxy-3-(2-trimethylisilylethoxymethoxy) benzoate (3.70 g, 12.40 mmol, 77% vield)
as a colorless oil.
{0795] 'H NMR: (400 MHz, CDCL:)é: 7.75(d, I=2.0Hz, 1 H), 7.70 - 7.65 (m, 1 H), 6.95(d, J=8.4
Hz, 1 H), $30-524 (m, 2H),3.87-385(m, 3H), 381 -376(m, 2 H), 1.02-0.96 (m, 2 H),
0.01 - 0.01 {m, 9 H).
{6796} Chemical Formula: CuaH20s81, Molecular Weight: 298 41

[8797] Step 4. Preparation of methyl 4-[3-(tert-butoxycarbonylaminojeyclobutoxy}-3-(2-

trimethyisilylethoxymethoxybenzoate

JocM\

3
1
sem™® S < B PN . © i \,/H\O/
DHAD, PRh, By L
g

HO™
[9798] To a solution of methy! 4-hydroxy-3-{2-trimnethylsilylethoxymethoxyihenzoate (3.70 g,
12.40 mmol, 1.00 eq), tert-butyl ({1s,3s}-3-hydroxycyclobutylicarbamate (2.32 g, 12.40 mmol,
1.00 eq} and triphenylphosphine (4.88 g, 13.60 mmol, 1.50 eq) in tetrahydroforan (40 mbL} was
added dusopropyl azodicarboxylate (3.01 g, 14.88 mmol, 2.89 mL, 1.20 eq) at 0 °C. The mixture
was stirred at 25 °C for 12 h under mitrogen atmosphere. LEMS showed the starting material was
consumed completely. The reaction mixture was concentrated under reduced pressure to give a
residue. The residae was purified by column chromatography on silica gel (petroleum ether: ethyl
acetate = 10 1 to 3: 1} to give methyl 4-[3-{tert-butoxycarbonylamino} cyclobutoxy]-3-{2-
trimethylsilyiethoxymethoxy) benzoate (5.20 g, 11.12 mmol, 89% vield) as a colorless oil.
[0799] LOCMS: MS (ESI) m/z: 490.3[M+2317.
10866] 'H NMR: (400 MHz, CDCI)S: 7.79 (d, J=2.0Hz, 1 H), 7.70 - 7.63 {m, 1 H), 6.64 (d, }=8.4
Hz, 1H), 527(s, 2H),492-485{(m, 1 H},484-470(m, 1 H},434-423(m, 1 H),3.87-386
(m, 3 H), 3.81 (dd, J=8.8, 7.6 Hz, 2 H), 2.70 - 2.53 (m, 2 H), 2.44 (br d, J=6.0 Hz, 2 H), 1.26 (d,
J=6.0 Hz, 9 H), 0.98 - 0.93 (m, 2 H), 0.00 (s, S H).
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10861} Chemical Formula: CxsHasNO-81, Molecular Weight: 467.63

{0862} Step 5: Preparation of methyl 4-(3-aminocyclobutoxy)-3-hydroxy-benzoate

$EM Q HCldioxane ]\

BocHN;\(;\l! ({)@/‘Lg”/ e HZN\/B :C\/}
!O/

{0863} To o solution of methyl  4-[3-(tert-butoxycarbonylamino)cyclobutoxy]-3-(2-
trimethylsilylethoxymethoxy)benzoate (5.20 g, 11.12 mmol, 1.00 eq} in dichlormethane (30 mL})
was added hvdrochloric acid / dioxane (4 M, 24 mL, 8.63 eg). The muxture was stirred at 35 °C
for 1 h. Thin laver chromatography (petroleum ether: ethyl acetate = 3. 1} showed that the reaction
was completed. The reaction mixture was concentrated under reduced pressure to give methyl 4-
{3-aminocyclobutoxy)-3-hydroxy-benzoate {1.90 g, 6.94 mmol, 62% vield, hydrochloride) as a
white solid, which was used in next step directly.

Ree LCMS: MS (BST) m/z: 238 1[M+117

{0865] 'H NMR: (400 MHz, DMSO-ded: ©.53 (brs, 1 H), 834 (brs, 3 H), 7.47 - 7.34 (m, 2 H),
676(d, J=88Hz 1 H), 505{(brd,J=4.4Hz 1 H),385(brd, J=5.2Hz, 1 H),379{(s, 3 H), 2.7
-2.55 (m, 2 H), 2.49 - 2.41 (m, 2 H).

{0806} Chemical Formula: Ci:HisNQO4, Molecular Weight: 237.25

10807} Step ©: Preparation of methy! 4-[3-{tert-butoxycarbonylaminojcyclobutoxy-3-hydroxy-

benzoate

%ZN,\/ ' ’j\ g B BocHMs HO'\E(\\:(EOLQ/
\ ,) /- P \“'l"‘o A
[8888] To a solution of methy] 4-{3-armnocyclobutoxy)-3-hydroxy-benzoate {1.90 g, 6.94 mmol,
1.00 eq, hydrochloride) i tetrahydrofuran (20 ml) was added di-tert-buty! dicarbovate (1.67 g,
7.64 mmol, 1.75 mL, 1.10 eq) and triethylamine (1.40 g, 13.88 mmol, 1.93 ml, 2.00 eq). The
mixture was stirred at 25 °C for 12 b Thin laver chromatography {petroleum ether: ethyl acetate
= 3. 1} showed that the reaction was completed. The reaction mixture was concentrated under
reduced pressure to remove solvent.  The residue was purified by silica gel chiromatography

{petroleum  ether/ethyl  acetate=10/1 to 1/} 1o give  methyl  4-3-(fert-



WO 2021/127443 PCT/US2020/066021

butoxycarbonylamino)eyclobutoxy]-3-hydroxy-benzoate (1.73 ¢, 5.13 mmol, 73% vield} as a
white solid.

[0869] 'H NMR: (400 MHz, CDCL)S: 7.54 - 7.51 (m, 1 H), 7.50 - 7.46 (m, 1 H), 6.55 (d, F=8.4
Hz, 1 H), 5.66 (s, 1 H), 4.83 (tt. J=6.8, 3.6 Hz, 1 H), 4.73 (br d, J=13.6 Hz, 1 H), 4.25 (br s, 1 H),
3.80(s, 3 H), 2.60 - 2.51 {m, 2 H), 2.45 - 2.34 (m, 2 H), 1.38 (s, @ H).

{0816} Chemical Formula: C7HasNGOs, Molecular Weight: 337.37

{0811} Step 7: Preparation of methyi 3-allvioxy-4-[3-(tert-

butoxycarbonylamino)eyclobutoxylbenzoate

o] = [}
‘ " K,CO;5 i

BGM&\Y\;{‘:@,&G/ — . BoaHN\g’i’::/H\:jf\of

[6812] To a solution of methyl 4-[3-(tert-butoxycarbonylaminojcyclobutoxy]-3-hydroxy-

benzoate (1.73 g, 5.13 mwmol, 1.00 eq) v dimethylformanude (20 mL) was added potassium

carbonate {2.13 g, 15.38 mmol, 3.00 eq} and 3-bromoprop-1-ene (806.46 mg, 6.67 mmol, 1.30 eg).

The mixture was stirted at 25 °C for 2 h. Then to the mixtuwre was added sodium

triacetoxyhorohydride (38.57 ¢, 182.00 mmol, 2.50 eq) and stirred at 25 °C for 4 h. LCMS showed

that the reaction was completed.  The muxture was filtered. The filtrate was concentrated under

reduced pressure o give methyl 3-allvioxy-4-{3-{tert-

butoxycarbonylaminoleyclobutoxy [benzoate (1.90 g, 5.03 mmol, 98% vyield) as a white solid,

which was used m next step direcily.

[0813] LOMS: MS (EST) m/z: 278 2[M+1-100] *.

{0814] 'H NMR: (400 MHz, DMSO-de)$: 7.66 - 7.61 {m, 1 H), 7.58 (d, }=2.0 Hz, 1 H), 6.66 {d,

=84 Hz, 1 H), 6,17 - 6.06 {m, 1 H}, 547 (dd, J=17.2, 1.6 Hz, 1 H}, 533 (dd, J=104, 1.2 Hz 1

H), 494 -480(m, 1 H), 465(brd, J=52Hz 2H)},438-426(m, 1 H),3.90(s,3H),2.74-2.62

{m, 2 H),, 2.47 (br d, J=6.8 Hz, 2 H), 1.47 (s, 9 H).

{0815} Chemical Formula: CoHa/NQe, Molecular Weight: 377 43

{8816} Total H count from HNMR data: 26.

{6817} Step B:

10818} Preparation of methyl] 3-allyloxy-4-(3-aminocyclobutoxy} benzoate

246
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HGHdioxana

18819} To a solution of methyl 3—a11yi0>;:y—4~{3—(ﬁtert—bumxycarbony famino)cyclobutoxy [benzoate
{1.90 g, 5.03 mmol, 1.00 eq) in dichlormethane (20 mL) was added hydrochloric acid / dioxane (4
M, 18 ml, 13.72 eq). The nuxture was stirred at 25 °C for 1 h. Thin layer chromatography
{petroleum ether: ethyl acetate = 3. 1} showed that the reaction was completed. The reaction
muxture was concentrated under reduced pressure to give methyl 3-allyloxy-4-(3-
aminocyclobutoxy) benzoate (1.50 g, 4.78 mmol, 94% vyield, hydrechloride} as a white solid,
which was used in next step direcity.

{6826] 'H NMR: (400 MHz, DMSO-de)d: 8.51 - 831 (m, 3 H), 7.59 - 7.53 (m, 1 H), 748 (d,
J=2.00Hz 1 H), 6.82 (d, J=84 Hz, 1 H), 6.0S (ddt, J=17.2, 104, S2 Hz, 1 H), 5.41 {dg, =172,
1.6 Hz, | H), 5.27 (dq, 7=104, 1.6 Hz, 1 H), 5.16 - 5.03 (m, | H), 4.63 (dt, }=5.2, 1.6 Hz, 2 H),
3.88-3.81 (m, | H), 3.81 (5,3 H), 2.66 (qd, J=7.2, 4.8 Hz, 2 H), 2.49 - 2.42 (m, 2 H).

{0821} Chemical Fornwla: CisHioNGs, Molecular Weight: 277.32

[8822] Total H count fromn HNMR data: 20.

10823} Step 90 Preparation of methyl 3-alivioxy-4-[3-(2-allyloxyethylamine) cyclobutoxy]

benzoate

L
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{8824] To a solution of methyl 3-allyloxy-4-(3-aminocyclobutoxy} benzoate (900.060 mg, 2.87
mmol, 1.00 eq, hydrochloride} and 2-allvioxyethyl 4-methylbenzenesulfonate (588.15 mg, 2.29
mmol, 0.80 eq} in methy! cyanide (15 mb) was added diuisopropylethylamine (1.11 g, 8.60 mmol,
1.50 mL, 3.00 eq). The mixture was stirred at 70 °C for 12 h. LCMS showed that the reaction
was completed. The reaction mixture was concentrated under reduced pressure to give methyl 3-
allyloxy-4-[3-(Z-aliyloxyethylaming) cyclobutoxy] benzoate (0.90 g, 2.49 mmol, 86% yield) as a
vellow oil, which was used n next step directly.

[0825] LOMS: MS (ESI) m/z: 362.3 [M+1]7

o
g
3
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{0826} 'H NMR: (400 MHz, CDCEYS: 7.71(d, J=8.0 Hz, 2 H), 747 (5, 1 H}, 6.08 - 593 (m, 1 H},
S87-573(m, 1 H), 542-532(m, 1 H}, 528 -518{(m, Z H}, 516 - 5.05 (m, 1 H}, 491 (14,
37.2, 3.6 Hz, 1 H), 4.60 - 4.49 (m, 2 H), 3.96 - 3.87 (m, 2 H), 3.81 (s, 3 H), 3.69 - 3.60 {m, 3 H),
3.06 - 3.02 (m, 2 H), 2.84 - 2.73 (m, 2 H), 2.58 - 2.46 {m, 2 H), 2.00 (s, 1 H).

10827} Chemical Formula: CzoHa7NOs, Molecular Weight: 361.43

{0828} Total H count from HNMR data: 27,

[0829] Step 10: Preparation of methyl 3-allyloxy-4-[3-[2-allvioxyethyl (tert-butoxycarbonyl)
ammno] cyclobutoxy] benzoate

| H

Bufno
B N, -\ T T e /\/ j/\
—*‘w ~

10838} To a solution of methyl 3-allyloxy-4-[3-(2- aiiyioxwethyiammo)cwdobu’soxv}benzoate
{090 ¢

{598.00 mg, 2.74 mmol, 629.27 ul,, 1.10 eq) and triethylamine {504.00 mg, 4.98 mmol, 693,19

¢, 2.49 muol, 1.00 eq) m tetrahydrofuran (10 wl) was added di~tert-butyl dicarbonate

ull, 2.00 eq). The ouxture was stitred at 25 °C for 12 b LOMS showed that the reaction was
completed. The reaction nuxture was concentrated under reduced pressure. The residue was
purified by sifica gel chromatography (petroleum ether / ethy! acetate = 20/ 1 to 10/ 1) to give
methyl 3-allyloxy-4-[3-]2-allyloxyethyl (tert-butoxycarbonyl} ammno] cyclobutoxy] benzoate
{0.53 g, 1.15 mmol, 46% yield} as a colorless oil.

[0831] LOMS: MS (ESI) m/z: 362.2[M+1-100] *

[0832] 'H NMR: 400 MHz, CDCL)S: 7.55 (dd, J=8.4, 2.0 Hz, 1 H), 7.51 - 7.47 (m, 1 H), 6.56 (d,
J=8.4 Hz, 1 H), 6.13 - 5.49 (m, 1 H), 5.82 (ddy, J=17.2, 10.6, 5.6 Hz, 1 H), 5.46 - 5.33 (m, 1 H),
526 - 5.15 (m, 2 H), 5.10 (dd, J=10.4, 1.6 Hz, 1 H}, 4.75 (brt, }=6.4 Hz, 1 H), 461 - 4.54 (m, 2
H), 452-441 (m, 1 H},3.96-386{(m, 2H),3.81 (5, 3H),349-339(m, 2H), 3.37-325{m,
2H), 283-259(m, 2H)2.57-2.40 (m, 2 H), 1.40 (s, 9 H).

{0833 Chemical Formula: CasHisNGr, Molecular Weight: 461,55

{0834} Step 11: Preparation of 4-(tert-butyl} 1%-methyl (3'r,3% E}-2,7,12-trioxa-4-aza-1(1,2)-

benzena-3(1,3)-cyclobutanacyclododecaphan-9-ene-1* 4-dicarboxylate

248
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{0835} To a solution of methyl 3-aliyloxy-4-[3-{Z-allyloxyethyl{tert-

butoxycarbonyhamine]cyclobutoxylbenzeate (530.00 mg, 1.15 mmol, 1.00 eq} in dichlormethane
{300 mbL) was added benzylidene-[1,3-bis{2 4, 6-trimethylphenylimidazolidin-2-vlidene}-
dichlore-rutheniumytricyclohexylphosphane (234.00 mg, 0.27 mmol, 0.24 eg). The moxture was
stirred at 40 °C for 12 h. LCMS showed that the reaction was completed. The reaction mixture
was concentrated under reduced pressure. The residue was purified by column chromatography
on silica gel (petroleum ether / ethyl acetate = 10/1 to 5/1) to give 4-(tert-butyl} 1*-methyl
(3',3%1 E)-2,7 12-trioxa-4-aza-1{1,2)-benzena-3(1,3)-cyclobutanacyclododecaphan-9-ene-1* 4-
dicarboxvylate (110.00 mg, 0.25 mamol, 22% yield) as a yellow otl.

[0836] LCMS: EW13161-309-P1B4, MS (BSI) nv/z: 334 1{M+1-100] 7.

10837} Chemical Formula: CsH3iNO7, Molecular Weight: 433.49

[0838] Step 12 Preparation of 4-(tert-butyl}) 1*-methyl (3',3%)-2,7.12-trioxa-4-aza-1(1 2}

benzena-3(1,3)-cyclobutanacyclododecaphane-1* 4-dicarboxylate

rYys Y
BoC e A O RAPPRGTE Hy BOC\N\\-L\J PN
o K o f
K O MeOH, 70°C, 0.5 h } o
P - -e
O\\/’ O\//

{0835} To a solution of O23-tert-butyl 1*-methyl (31r,3% F)-2,7,12-trioxa-4-aza-1(1,2)-benzena-
3(1,3)-cyclobutanacyclododecaphan-9-ene-1* 4-dicarboxylate {110.00 mg, 0.25 mmol, 1.00 eq) in
methanol (2 mb) was added chlororhodiumtriphenylphosphane (23.00 mg, 0.03 mmol, 0.10 eq).
The muxture was stirred at 70 °C for 0.5 b under hydrogen atmosphere (15 Psi). LEMS showed
that the reaction was completed. The reaction mixture was concentrated onder reduced pressure.
The residue was purified by preparative thin layer chromatography {petroleum ether / ethyl acetate
=3:1, Rf=0.4) to give 4-(tert-butyl} 1*-methyi (3',3°r)-2,7,12-trioxa-4-aza-1{1, 2)-benzena-3(1,3)-
cyclobutanacyclododecaphane-1* 4-dicarboxylate {90 mg, 0.21 mumol, 81% vield) as a yellow oil.
{0840] LOMS: EW13161-311-P1A, MS (ESI) m/z: 336.4[M+1-100]".

10841} Chemical Formula: CsHaaN(H, Molecular Weight: 43557

o
£
o
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{0842} Step 13: Preparation of {3'13%)-4-(tert-butoxycarbony!}-2,7,12-trioxa-4-aza-1{1,2}-

benzena-3{1,3}-cvclobutanacyclododecaphane-1*-carboxylic acid

=N N POy
NaOH oo [ 7 ] i
Boow, /\ Boon @ A A OH
SE— - Y
\ L MaOH g Q
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{0843} To a solution of 4-(tert-butyl) i*-methyl (3'r,3°n)-2.7,12-trioxa-4-aza-1(1,2)-benzena-

3(1,3)-cyclobutanacyclododecaphane-1° 4-dicarboxylate (180.00 mg, 0.41 mmol, 1.00 eg) in

methanol (2 mL} and water (0.5 mL} was added sodium hydroxide (66.00 mg, 1.65 mmol, 4.00

eq}. The mixture was stirred at 50 °C for 12 h. LCMS showed that the reaction was completed.

The reaction mixture was concenirated under reduced pressure. The residue was diluted with water

{10 mL) and adjusted pH to 5-6 by hydrochloric acid (1 M), Then the mixture was fiitered and

concentrated under reduced pressure to give (3'r,3°r)-4-(tert-butoxycarbonyl}-2,7,12-trioxa-4-aza-

1{1,2)-benzena-3(1,3}-cyclobutanacyclododecaphane- 1 -carboxylic acid (140.00 mg, 0.33 mmol,

80% yield) as a white solid.

[0844] LOMS: MS (EST) nvz: 322.2[M+1-100] .

[0845] ‘H NMR: (400 MHz, DMSO-ds}d: 12.83 - 12.58 (m, 1 H), 7.61 - 7.51 {m, 2H), 7.15-7.05

{m, 1 H), 491 (brt, J=56Hz, 1 H),450-433(m, | H), 413 - 4(}0{m 2H), 349-343(m, 2

H} A1 -337(m 2H), 277 ~260{m, 2H), 255-252(m, 2H), 2 2.16 {m, 2 H), 1.89 -
1.77 (o, 2}, 1.70~ 1.59 (m, 2H), 1.45- 137 (m, 9 H).

{8846} Chemical Formula: CnHaiNGy, Molecular Weight: 421 48

{88471 Total H count from HNMR data: 31.

{0848] Step 14 Preparation of tert-butvl (31r,3%n)-1%-((2,6-dioxopiperidin-3-yljcarbamoyl}-

2,7.12-trioxa~-4-aza-1(1,2-benzena-3(1,3}-cyclobutanacyclododecaphane-4-carboxylate

{0849} To a solution of (3% 3% )-4-(tert-butoxycarbonyl}-2,7,12-trioxa-4-aza-1{1,2)-benzena-
3(1,3)-cyclobutanacyclododecaphane-1*-carboxylic acid (140.00 mg, ¢33 mmol, 1.00 eq} in
dimethy Hormamide (2 mL) was added triethyiamine (134.00 mg, 1.33 mmol, 184.93 ul., 4.00 eg),

1-hydroxybenzotriazole (58.00 mg, 043 mmeol, 130 eq), 1-(3-dimethylaminopropyl)-3-
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gthylcarbodiimide hydrochloride {82.00 mg, 0.43 mmol, 1.30 eq) and 3-aminopiperidine-2,6-
dione {71.00 mg, 0.43 mmel, 1.30 eq, hydrochloride). The nmuxture was stirred at 25 °C for 12 1
LUMS showed that the reaction was completed. The reaction mixture was concentrated under
reduced pressure. The residue was diluted with water {5 mL) and extracted with ethyl acetate (20
mb). The organic laver was dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by silica gel chromatography
{petroleum ether / ethyl acetate = 5/1 to /1) to give tert-butyl (3'r,3%r)-1%-((2,6-dioxopiperidin-3-
vicarbamoyl}-2,7,12-trioxa-4-aza-1{1,2}-benzena-3(1 3}-cyclobutanacyclododecaphane-4-
carboxylate (170.00 mg, 0.32 mumol, 96% vield) as a white solid.

[6856] LOMS: MS (ESI) m/z: 432.3[M+1-100] ™.

{0851} 'H NMR: (400 MHz, CDCI)S: 8.02 - 7.89 (m, 1 H), 7.43 (d, J=2.0 Hz, 1 H), 7.35-7.27
(m, 1 H), 6.89(d, J=8.4 Hz, | H), 6.82 (brd, J=5.2 Hz, 1 H), 4.50 (brs, | H), 4.66 (dt, J=12.8, 5.2
Hz, 1 H), 4.59 - 443 (m, 1 H), 4.14 (br d, J=4.0 Hz, 1 H), 3.49 - 3.42 (m, 2 H), 337 (br . I=5.2
Hz 4 H), 2.84 - 2.62 (m, 5 H), 2.34 (br t, J=8.4 Hz, 2 H), 1.95 - 1.81 (m, 3 H), 1.67 (dt, =128,
6.4 Hz, 2 H), 1.41 (s, 9 H.

19852} Chemical Formula: Ca7HarN3Os, Molecular Weight: 531.60

[0853] Step 15: Preparation of dimethy] 4-[8-[3-[2-(2,6-dioxo-3-piperidvl}-6-methoxy-1,3-dioxo-
somndolin-S-yloxyeyclobutyl]-5-oxa-2, 8-diazaspiro[3 . Sinonan-2-ylbenzoic acid

(SN
[\7‘\\ \\ . o
Boc. v,,i\_/ I Heldioxan ,«”L\’ ; A ! i
/U\M idioxane N = N

— e 5 d /A\;{ Ni

\1 ,& ° Aﬁ
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{0854] To a solution of tert-butyl 16-{(2,6-dioxo-3-piperidyljcarbamoyi}-34,35,36-irioxa~29-
azatricycloicosa-3,5(16),17-triene-29-carboxylate  (170.00 mg, 032 mmei, 1.OD eqy
dichlormethane (5 mL} was added hydrochloric acid / dioxane (4 M, 1 mL, 12.51 eq}. The mixture
was stirred at 25 °C for T h. LOMS showed that the reaction was completed. The reaction mixture
was concentrated under reduced pressure to give N+(2, 6-dioxo-3-piperidyl}-28,29,30-irioxa-22-
azatricycloicosa~, 2{13},14-triene-13-carboxamide (14800 mg, 032 mmol, 98% yield,
hydrochloride) as a white solid.
6833} LCMS: MS (ESD) m/z: 432 3[M+1]7.
{0856} Chemical Formula: CaaH2oN30O6, Molecular Weight: 431 48
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{0837 Step 16: Preparation of {3'r,3%)-4-({1-{4-({{1r,3r)-3-(4-cyano-3,5-dimethyiphenoxy)-
2,24 4-tetramethylcyclobutyBicarbamoyphenyDpiperidin-4-yhmethyl}-N-{2,6-dioxopiperidin-
3-y1)-2,7,12-trioxa-4-aza-1(1,2)-benzena-3(1,3}-cyclobutanacy clododecaphane-1*-carboxamide,
Compound 64

/)/%O
~

oy
; L« e e AT
l \/\ \f\ /\’ ( o \/JL NH
; N 8 SN
PLA R " j/ ~ I
. 0 D[r:\rfjlo(cﬁ\c@I1 \\//\\ \!\ N{;fk O\\/

-~ \/’\ 0’“*{\

10858} To a solution of N-(2,6-dioxo-3-piperidyl}-28,29,30-trioxa-22-azatricycloicosa-, 2(13),14-
triene~13-carboxamide (148 00 mg, 0.31 mmol, 1.00 eg, hydrochloride)} in dichlormethane (S mb)
was added N-{3-(4-cyano-3,5-dimethyl-phenoxy}-2,2,4 4-tetramethvl-cyclobutyl}-d-(4-formyi-1-
piperidyhbenzamide (169.00 mg, 0.34 mmol, .10 eq), triethylamine (32.00 mg, 0.31 mmol, 44.02
ul, 1.00 eq) and acetic acid {38.00 mg, 0.63mmol, 36.18 ul,, 2.00 eqg) at 25 °C. The nuxture was
stirred at 23 °C for 12 h. Then to the nuxture was added sodium tracetoxyborohydride (201.00
mg, 0.95 mol, 3.00 eq) and stirred at 25 °C for 4 i LCMS showed that the reaction was
completed. The reaction mixture was concentrated under reduced pressure.  The residue was
purified by preparative thin layer chromatography (dichloromethane: methyl alcohol = 101,
Rf=0.4} to give a yeliow otl.  The yellow o1l was further punification by preparative HPLC
{coluron: Shiro-pack C18 150%25%1 0um;roobile phase: [water(0.225%FA)-ACN]BY%: 30%-
60%,10min)  to  give  (3'%,3%)-4-({1-(4-({(11,37}-3-(4-cyano-3,5-dimethylphenoxy}-2,2,4,4-
tetramethyleyclobutycarbamoypheny Dpiperidin-d-yDmethy H-N-(2, 6-dioxopiperidin-3-y{}-
2,7, 12-trioxa-4-aza-1{1,2)-benzena-3(1,3 }-cyclobutanacyclododecaphane- 1 *-carboxamide (76.90
mg, G.08 mmol, 26% vield, 99% purity, formate) as a white solid.

[0859] QC-LCMS: MS (EST) m/z: 903.1[M] ™.

{0860} 'H NMR: {400 MHz, DMSO-de}d: 1088 - 1082 (m, 1 H), 861 {brd, J=84 Hz, 1 H), 825
(s, 1H), 7.78 - 7.70 {m, 2 H), 7.58 - 7.45 (m, 3 H), 7.01 - 6.9 (m, 3 H), 6.74 (s, 2 1), 4.83 (5, 2 H),
423 (s, 1 H), 4.16 - 4.01 (m, 4 ), 3.93 - 3.78 {m, 2 H), 3.58 - 3.47 (m, 2 H), 3.39 - 3.37 (m, 2 H),
2.81-2.72(m, 2 H), 2.64 - 2.54 (m, 1 H), 2.44 (s, 6 H), 2.31 - 2.23 {m, 3 H), 2.22 - 2.12 (m, 2 H),
211-203(m 4H), 1.96(dt, J=6.4,40Hz, 1 H), 1.85-1.71 {m, SH}, 1.66-1.54 (m, 3 H), 1.12
(s, 6 H), 1.17- 1.11 {(m, 8 H}.
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10861} Chemical Formula: CsaHesNeQOs, Molecular Weight: 903.12

{0862} EXAMPLE 24 — SYNTHESIS OF 3-[4-[{1-[4-]{3-(4-CYANG-3,5-DIMETHYL-PHENOXY }-2,2,4, 4~
TETRAMETHYLCYCLOBUTYL [CARBAMOYL [PHENYL |-4-FIPERIDYL JMETHYL}- 1 -PIPERIDYL }-IN-( 2,6~
BIOXO-3-PIPERIDYLIBICYCLO] 1. 1. 1]PENTANE-1 -CARBOX AMIDE {COMPOUND 70}

{0863} SCHEME 19. SUMMARY OF THE SYNTHESIS OF COMPOUND 70

CUOMe CooMe

N ; Menoc—(  COOMe Hclidisxane weo0c—  COOMe
sl S P > e .
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[0864] Step  1:Preparation of tert-butyl  4-[{E}-4-methoxy~d-oxo-but-2-enyl]piperidine-1-

carboxylate
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[8865] To a solution of tert-butyl 4-(2-oxeethyl}piperidine-1-carboxylate (5.00 g, 22.00 mmol,
1.00 eq) in dichloromethane {100 mL) was added methyl 2-(triphenyl-phosphanylidenelacetate
{8.09 g, 24.20 mmol, 1.10 eq). Then the mixture was stirred for 10 h at 30 °C. Thin layer
chromatography (petroleum ether: ethy! acetate = 5:1) showed that the reaction was completed.
The mixture was concentrated under reduced pressure to give the residue. The residue was
dissolved by (Petroleum ether: ethyl acetate =10:1, 100 mL}. Then the nuxture was filtered. The
filtrate was concentrated under reduced pressure to give tert-butyl 4-[(E}-4-methoxy-4-oxo-but-2-
enyl]piperidine-1~carboxylate {(6.20 g, 21 88 mmol, 99 % yield) as a colorless oil, which was used
m next step directly.

[0866] 'H NMR: (400 MHz, DMSO-ds)d: 6.79-6.93 (m, 1 H), 5.76(dt, }=15.6, 1.2 Hz, 1 H), 3.95
~4.07¢m, 2H), 3.66(s, 3H), 201 (1d, =128, 28Hz, 2H), 204 - 217 {m, 2H), 1.56-1.64 {10, 2
H), 1.44 - 1.56 (m, 1 H), 1.38 (s, 9H3, 0.99 - 1.13 (m, 2 H).

{0867} Chemical Fornwla: CisHasNOs, Molecular Weight: 283.36

[0868] Step 2: Preparation of trumethyl 2-[(1-tertbutoxycarbonyl-4-piperidyljmethylipropave-

1,1,3-tncarboxylate

O~ O, COOMe
COOMe ST
. __foome o 1e00C{ £oONe
) Yo A S .
BooN et 4 /> ’
\__/ Soc—N, =
N

[8869] To a solotion of cesium carbonate (2806 g, 36.11 mmol, 400 eq} n NN-
dimethyformamide {100 mL} was added dimethy! propanedicate {5.69 g, 43.05 mmol, 495 mi,,
2.00 eq) at 30 °C. The mixture was stirred for 30 min at 30 °C. Then to the nuxture was added
tert-butyl 4-[(E)-4-methoxy-4-oxo-but-2-enyi]piperidine-1-carboxylate (6.10 g, 21.53 mmol, 1.00
eq} and stirred for 10 hat 60 °C. Thin layer chromatography (petroleum ether: ethyl acetate =3:1)
showed that the reaction was completed. The nuxture was diluted with ethyl acetate (300 mL) and
washed with water {500 mL}. The organic layer was washed with brine (300 mL), dried over

sodium sulfate and concentrated under reduced pressure to give the residue. The residue was
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purified by column chromatography on silica gel (petrolenm ether: ethyl acetate = 20:1~10:1~5:1}
to give trimethyl 2-{(1 -tertbutoxycarbonyi-4-piperidyDmethylipropane-1,1,3«tricarboxylate (8.10
g, 19.50 mmeol, 90 % yield) as a colorless oil.

{0876] 'H NMR: {400 MHz, CDCI8: 395405 (m, 2 H}, 351 -3.72(m, 11 H), 2.55- 2.68 (m,
3H), 247 - 2.55 (m,1 H), 2.32 - 2.40 (m, 1 H), 1.60 - 1.69 (m, 1 H), 1.57 (brs, 1 H), 1.29 - 1.43
{m, 10H), 1.23-1.29(m, 1 H},092-1.10{(m, 2 H).

0871} Chemical Formula: CooH:NQOs, Molecular Weight: 41548

{9872} Step 3: Preparation of trimethy! 2-(4-piperidyimethyiipropane-1,1 3-tricarboxviate

oowe COOMe
N‘ef)O(‘—S_/Vo oM HOYd Gxane MeooC—{  COOMe

oo
Boo- i\4/~\) ————— H \1/““}}_/

N
[8873] To a solution of trimethyl 2-[(1-tert-butoxycarbonyi-4-piperidylimethylipropane-1,1,3-
tricarboxyviate (8.10 g, 19.50 mmol, 1.00 eq) in dichloromethane (100 mL} was added hydrochioric
acid / dioxane (4 M, 58 k., 11.83 eg). Then the mixture was stirred for 30 min at 30 °C. Thwn
fayer chromatography {(petroleun ether: ethyl acetate = 1:1) showed that the reaction was
completed.  The mixture was concentrated under reduced pressure to give trimethyl 2-(4-
piperidylmethyipropane-1,1,3-tricarboxvlate €6.80 g, 19.33 mmol, 99% yield, hydrochlioride salt)

as a white solid, which was used in next step directly.

[8874] Step 4. Preparation of trimethyl 2-[{1- benzhvdryl-d-piperidylymethylipropane-1,1,3-

tricarboxylate
_/( QOCMe
. /C Qf\i ( //\' MeOOC COOMe
eiel ——\ COCMe >_
H.\/»\ S w<2\o ACN, 80°C, 100/ N/

— &
{0875} To a solution of trimethyl 2-(4-pipenidylmethylpropane-~1,1,3-tricarboxylate {(6.80 g,
21.56 mmol, 1.00 gq, hydrochloride salt) in acetomitrile {100 mL} was added potassium iodide
(35794 mg, 2.16 mmol, 0.10 eq), potasstum carbonate (8.94 g, 64.69 mmol, 3.00 eq} and
[bromo{phenylimethy!lbenzene (6.39 g, 25 88 mmol, 1.20 eq). Then the mixture was stirred for
10 h at 80 °C. Thin layer chromatography {petroleum ether: ethyl acetate = 1:1) showed that the

reaction was completed. The mixture was filtered. The filtrate was concentrated under reduced
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pressure to give the residue. The residue was purified by column chromatography on silica gel
{petroleum ether: ethy! acetate = 10:1~5:1~1:1) to give trimethyl 2-[{1- benzhydryl-4-

piperidyimethylpropane-1,1,3-tricarboxylate (8.30 g, 17.23 mmol, 79 % vyield) as a colorless oil.

10876} Step 5 Preparation of 2-[(1-benzhydryl-4-piperidyDmethylipropane-1,1 3-tricarboxylic

acid
Vi COCMe == /COOH )
S ;(,} MiO“O\C}MJCOOMe o Q__ {,» !j_(_)_OC“"\)m“'/GJOH
N | MeOH NV
,,,,, ;oS MeOH, 50°C, 108 ol N

{9877} To a solution of tnmethyl 2-[(1-benzhydryl-4-piperidylimethyl]propane-1,1,3-
tricarboxylate (8.3 g, 17.23 mmol, 1.00 eq) in water {25 mL) and methanol (100 mL) was added
sodium hydroxide (2.76 g, 68.94 mmol, 4.00 eq). Then the mixture was stirred for 1 b at 160 °C.
LCMS showed that the reaction was completed. The mixture was concentrated under reduced
pressure to give 2-[(1-benzhydryl-4-piperidylymethyl]propane-1,1,3-tricarboxylic acid (7.50 g,
17.06 mumol, 99 % yield) as a white solid was used in next step divectly.

10878] LCMS: MS (ESI) m/z: 440.2[M+1]".

[8879] Step 6 Preparation of: 3-[{1-benzhydryl-d-piperidylhmethylipentanedioic acid

= oo === COOH
(\ J rooc—{  foow \>) oo
it HOH
—_—
p

SN /
/_/—'\_, 160°C, 10 h et r\'\___,’
/

7 s

{0888] To a solution of 2-[(1-benzhydryl-4-piperidylymethyijpropane-1,1,3-tricarboxylic acid
{7.50 g, 17.06 mmol, 1.00 eq) in water {50mL} was added hydrochloric acid (12 M, 7 ml,, 498
eq). Then the muxture was stirred for 10 h at 100 °C. LCMS showed that the reaction was
completed.  The mixture was diloted with water (30 ml.) and filiered. The filtrate cake was
concentrated under reduced pressure to give 3-[{1-benzhydryl-4d-piperidylmethyljpentanedioic
acid (5.00 g, 12.64 mmol, 74 % yield} as a white solid, which was used in next step directly.
{0881} LCMS: MS (BSD nv/z: 396.2[M+1]7.

{0882} Chemical Formula: Ca4HaoNQ4, Molecular Weight: 395.49
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10883} Step 7: Preparation of 3-[{1-benzhydryl-4-pipenidymethyiipentane-1,5-diol

/—\\ COOH HO
! =N
N\ & < /\)UOH o 14 > { OR
e BH, Me,$ % | /oH
etd Nt S N S
el N THF, 70°C, 10 h ; N\__/\r—J
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{0884} To a solution of 3-[{1-benzhydryl-d-piperidylimethyl]pentanedioic acid (5.0 g, 12.64
mmol, 1.00 eq} m tetrahydrofuran {300 mbL) was added dropwise borane dimethyl sulfide complex
{10 M, 3.79mb, 3.00 eq) at © °C. Then the mixture was stirred for 10 h at 80 °C. LCMS showed
that the reaction was completed. The mixture was quenched with hydrochloride/ methano! (4 M,
20 mb). The mixture was stitred for 1 h at 60 °C. Then the mixture was concentrated under
reduced pressure to give the residue. The residue was purified by column chromatography on
silica gel (dichloromethane: methyl alcohol methanol = 100:1~40:1-20:1) to give 3-[(}-
benzhydryl-4-piperidyhmethyviipentane-1,5-diol (3.10 g, 8.43 mmol, 66 % vield) as a white solid.
[0885] LOMS: MS (EST) vz 368.2[M+1] ",

[0886] Chemical Fornwla: CoaHasNG2, Molecular Weight: 367.52

[0887] Step & Preparation of tert-butyl 4-[4-hvdroxy-2-(2-hydroxyethylibutylipiperidine-1-

carboxylate
HQ
- ) Ho
kS 4 CH ~ Y
\‘ Y/ PdiC /
4 >I N N\ /O
s —~
Boc—N
<\\\ //f\

[8888] To a solution of 3-[{1-benzhydryi-4-pipenidyDmethylipentane-1,5-diol (3.10 g, 8.43 mmol,
1.00 eq) in ethyl acetate (50 mL) was added triethylamine {1.71 g, 16.87 mumol, 2.35 mi, 2.00 eq),
di-tert-buty] dicarbonate (2.21 g, 10.12 mmol, 2.33 mL, 1.20 eg) and palladium on activated carbon
catalyst {200 mg, 10% punty). Then the mixture was purged and degassed with hydrogen for three
times. The muxture was stured for 10 h at 30 °C under hydrogen atmosphere (15 Psi). LOMS
showed that the reaction was completed. The mixture was filtered. The filtrate was concentrated
under reduced pressure {o give the residue. The residue was purified by column chromatography
on silica gel {petroleum ether: ethyl acetate = 10:1~1:1} to give tert-butyl 4-{4-hydroxy-2-(2-

hydroxyethybutyl]piperidine-1-carboxylate (1.70 g, 5.64 mmol, 66 % yield) as a colorless oil.

()
W
2
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[0889] LOMS: MS (BSI) m/z: 302.2[M-+1]".
{0890 Chemical Formula: CisHs1NQO4, Molecular Weight: 301.42

{0891} Step 9: Preparation of tert-buiyl 4-{4-oxo-2-(2-oxoethyi}butyijpiperidine-1-carboxylate

HG 0,
\ B
Swern oridstion !
~~OH N =
I é—’/ - >/_ )
Boc—-tf -’ Boc—N, \> -----
..... /

[0892] To a solution of Oxalyl chloride (2.74 ¢ 21.56 mmol, 1.89 mi, 1000 eq) in
dichloromethane (5 ml) was added dropwised a solution of dimethyisulfoxide (202 g, 2588
mmol, 2.02 mL, 12.00 eq) in dichloromethane (8 mb) at -70 °C. The moxture was stirred for 0.5
h oat -70 °C. Then to the mixture was added a solution of tert-butyl 4-[4-hydroxy-2-(2-
hydroxyethyDbutyljpiperidine- 1 -carboxylate (650 mg, 2. 16 nunol, 1.00 eq) in dichloromethane (8
ml.} at -70 °C. The nuxture was stirred for 3 h at -70 °C. Then to the mixture was added
triethylamine (4.36 g, 43.13mmol, 6.00 mL, 20.00 eq) at -70 °C dropwise. The mixture was stirred
at 25 °C for 12 h. Thin layer chromatography (petroleum ether: ethyl acetate = 5:1) showed that
the reaction was completed. The mixture was quenched with water (30 L) and extracted with
dichloromethane (30 mL). The organic layer was washed with brine (30 ml), dried over sodium
sulfate and concentrated under reduced pressure to give the residue. The residue was purified by
column chromatography on silica gel (petroleum ether: ethylacetate =30:1~20:1~5:1} to give tert-
butyl 4-[4-0x0-2-{2-oxoethyDbutylpiperidine-1-carboxylate (630 mg, 2.12 mmol, 98 % vield} as

a colorless ol

{0893} Step 10: Preparation of: tert-butyl 4-[{1-{1-benzyloxycarbonyl-3-bicyclof1.1. 1 jpentanyi}-

4-piperidylfmethylpiperidine-~1-carboxylate

o)
I~
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2 H]“’g ‘ZK_{) Boe, a
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{0894} To a solution of benzyl 3-amincbicyclof1.1.1]pentane-1-carboxylate {591.25 mg, 2.33
mmol, 1.10 eq, hydrochloride salt) in dichloromethane (10 mL} was added sodium acetate (347.57
mg, 424 mmol, 2.00 eq) and tert-butyl 4-{4-ox0-2-(Z-oxoethyl}butyl|piperidine-1-carboxylate

{630 mg, 2.12 mmol, 1.00 eq). The mixture was stirred for 30 min at 30 °C. Then to the mixture
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was added sodium triacetoxyborohydride (897.97 mg, 4.24 mmol, 2.00 eq) and stirred for 0.5 h at
30 °C. LCMS showed that the reaction was completed. The mixture was quenched with water
{50 mL} and extracted with dichloromethane (50 mL}. The organic layer was washed with brine
{50 mL}, dried over sodmm sulfate and concentrated under reduced pressure to give the residue.
The residue was purified by column chromatography on silica gel (Petroleum ether: Ethyl
acetate=10:1~5:1~1:1} to give tert-butyl 4-[[ 1-{1-benzyloxycarbonyl-3-bicyelo] 1 1. 1jpentany!}-4-
piperidyljmethyl]piperidine-1-carboxylate {560 mg, 1.16 mmol, 54 % vyield)as a colorless ail.
[0895] LOMS: MS (ESI) m/z: 483 3[M+117.

{0896} 'H NMR: (400 MHz, CDCls)8: 731 - 742 (m, 5 H), 5.14 (5, 2 H), 3.97 - 4.14 (m, 2 H),
288{brd J=116Hz 2H), 268 (brt, J=124Hz, 2H), 209, 6 H}, 195-204{(m, 2 H), 1.62 -
1.74 (m, 4 H), 1.45 - 1.51 (m, 10 H), 1.30- 138 (m, 1 H), 1.14 - 1.25 (m, 4 H), 1.06 (gd, J=12.4,
4.4 Hz, 2 H).

10897} Chemical Formula: CooHaaN2O4s, Molecular Weight: 482.68

[0898] Step B Preparation of benzyt 3-[4-(4-piperidyimethyl)-1-
piperidyl}bicyelo] 1.1, 1]pentane-1-carboxylate
Oy w
NAL N 0 Ty L
Log Doty

{0899 To a solution of tert-butyl 4-[{1-(I1-benzyloxycarbonyl-3-bicyclo{l.1.1]pentanyl)-4-
piperidylimethylipiperidine-1-carboxvlate (560 mg, 1.16 mrool, 1.00 eq) in dichloromethane (10
mb} was added hydrochioric acid / dioxane (4 M, 4 mL, 15.32 eq). Then the mixture was stirred
for 0.5 hat 30 °C. Thin layer chromatography {petroleum ether: ethyl] acetate = 1:1) showed that
the reaction was completed. The muxture was concentrated under reduced pressure to give benayl
3-{4-{4-piperidyimethyl}-1-piperidyiibicyclof1. 1. 1]pentane-1-carboxylate (480 mg, 1.15 mmol,
98 % yield, hydrochlornide salt} as a white solid, which was used in next step directly.

{0906] 'H NMR: (400 MHz, DMSO-de)d: 11.78-12.03 {(m, 1 H), 8.68-9.15 (m, 2 H), 7.28 - 749
(m, 5 H), 5.15 (s, 2 H), 3.32 (br d, J=12.0 Hz, 2 H), 3.21 {br d, J=12.0 Hz, 2 H), 2.79 (quin, J=12.0
Hz, 4H}, 229-237(m, 6H), 1.70- 188 (m, 4 H), 1.54-1.68 (m, 2 H}, 1.37 - 1.51 {m, Z H,
1.21 - 1.36 (m, 2 H), 1.14 (br t, 3=7.2 Hz, 2 H).

{0941} Chemical Formula: CraHseChINzGs, Molecular Weight: 455 46

o]
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{09621 Step 12: Preparation of benzyl 3-[4-[[1-{4-tertbutoxycarbonylphenyl}-4-piperidylfmethyl]-
1-piperidylibicyclo[1.1.1]pentane-1-carboxylate
!\FH. A

NS ‘(:,r\\/f

I}J
F—\N——@“ J\o"\_
- %,
o L

{9963} To a solution of benzyl 3-[4-(4-piperidyimethyl)-1-piperidylibicyclo]1.1.1]pentane-1-
carboxylate (100 mg, 0.24 mmol, 1.00 eg, hydrochloride salt} in dioxane (8 mbL) was added
methanesulfonato(2-dicyclohexylphosphino-2.4, 6-tri-i-propyl-1, I-bipheny){(2-methviamine-1,1-
biphenyi-2-yhpalladium(I) (21 me, 0.02 mmol, 0.10 eq) and tert-butyl 4-bromobenzoate (123 mg,
0.48 mmol, 2.00 eq), cesium carbonate (233 mg, 0.72 mmol, 3.00 eq). Then the mixture was
stirred for 10 h at 100 °C. LCMS showed that the reaction was completed. The mixture was
concerdrated under reduced pressure to remove dioxane. The residue was diluted with ethyl
acetate (50 mL) and washed with water {50 b}, The organic layer was washed with brine {50
b}, dried over sodiur sulfate and concentrated under reduced pressure to give the residue. The
residue was purified by column chromatography on silica gel (petroleurn ether: ethyl acetate =
10:~50~110 to give benzyl 3-[4-[[1-{4-terthbutoxycarbonyiphenyD-4-piperidylfmethyl]-i-
piperidylibicyclo[1.1.1]pentane-1-carboxylate (130 mg, 232.66 umol, 48 % vield) as a yellow
solid.

10904] LOMS: MS (EST) nv/z: 483 3[M+1]™

{0965} 'H NMR: {400 MHz, DMSO-de)é: 7.81 - 7.93 (m, 2 H), 7.31 - 7.45 (m, S H), 6.86(d, }=9.2
Hz, 2H), 5.15¢s, 2H), 3.85(br d, J=12 8 Hz, 2 H), 286 -2.99 (m, 2 H}, 2.81 {id, I=12.4, 2.4 Hz,
2H), 1.95-220(m, 8H), 1.74 {brt, F=128 He, 4 H), 1.53-1.65(m, 10H), 1.31-1.46(m, 1 H},
1.25 - 1.31 {m, 4 ), 1.17 - 1.24 (m, 2 H).

10906} Chemical Formula: CooHaaNaO4s, Molecular Weight: 482.65

{0967} Step 13: Preparation of 3-[4-[[1-(4-tert-butoxycarbonylphenyl}-4-piperidylimethyl}-1-

piperidylibicyclo[1.1.1]pentane-1-carboxylic acid
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10908} To a solution of benzyl 3-[4-[[1-(d-tert-butoxycarbonylphenyl}-4-piperidylimethyl}-1-
piperidyl]bicyclof1.1.1]pentane-1-carboxylate (100 mg, ¢.18 mmol, 1.00 eq) in the mixed solvent
of methanol (15 mL) and tetrahydrofuran (5 mb) was added palladium on activated carbon (100
mg, 10% purity) in the atmosphere of hydrogen (15 psi}. The mixture was stirred at 40 °C for 4
h. LCMS indicated the desired mass of the product was detected. The nuxture was filtered and
the filtrate was evaporated under vacuum to give 3-[4-[[1-(4-tert-butoxycarbonylphenyl)-4-
piperidyljmethyl]-1-piperidyllbicyciofl. 1.1 Jpentane-1-carboxylic acid {83 mg, crude) as a hight
vellow solid.

09089} LCMS: MS (BESD nv/z 469 3[M+117.

{6916} Chemical Formula: CasHaoN20O4s, Molecular Weight: 468.63

16911} Step 14 tert-buty! 4-{4-[[ 1-[1-{(2,6-dioxo-3-piperidyDearbamoyl]-3-

bicvelo[1.1. Upentanyl]-4-pipenidylimethyl}-1-piperidylibenzoate

99121 To &  solution of  3-[4-[[1-(4-tert-butoxycarbonylphenyl}-4-piperidylimethyl]-1-
piperidyllbicyclof[1. 1. 1]pentane-1-carboxylic acid (83 mg, 017 mmol, 1.00 eg) and 3-
aminopiperidine-2,0~-dione (29 mg, 0.17 mmol, 1.00 eq, hydrochloride sait) m dimethylformamide
{5 ml} was added hydroxybenzotriazole (35 mg, 027 mmol, 150 eqg), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiinude hydrochionide {51 mg, 0.26 mmol, 1.50 eg) and
dusopropylethylamme (115 mg, 0.89 munol, 5.00 eq). The muixture was stirred at 25 °C for 3 b
LOMS jndicated that the reaction worked well. Then the mixture was stured at 25 °C for further
2 h. To the mixture was added water {20 mL) and extracted with ethyl acetate (S ml. x 3). The
combined organic layers were concentrated under reduced pressure to get a residue. The residue
was purified through preparative thin layer chromatography (dichloromethane: methanol = 2011}
to  give tert-butyld-[4-{[1-[1-[{Z,6-dioxo-3-piperidyijcarbamoyi]-3-bicyclo{1.1. 1 |pentanyl]-4-
piperidylmethyll-1-piperidylbenzoate (63 mg, 0.11 mmol, 60% yield, 98% purity) as a white
solid.

{0913] LOMS: MS (ESI) m/z: 579.3[M+1]7.
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10914} Chemical Formula: Cs3sHasNaOs, Molecular Weight: 578.74

{6915} Step 15 Preparation of  4-[4-[{1-{1-[(2,6-dioxo-3-piperidyijcarbamoyl]-3-
bicyclof1. 1.1 pentanyi}-4-piperidylimethyl]-1-pipenidylibenzoic acid

o
1
HOT TN
TEALCM P o
———n NN o~ f‘ s C
'O UG LM

Hiewg” hiH
A,

vl

LA AL

LA,
{0816} To a solution of tert-butyl  4-[4-[[1-[1-{(2,6-dioxo-3-piperidyl}carbamoyl]-3-
bicvelo[1. 1 Upentanyl]-4-pipenidyllmethyl]-1-piperidylibenzoate (40 mg, 0.07 mumol, 1.00 eq) 1n
dichloromethane (4 ml) was added trifluorcacetic acid (1.5 mi). The mixture was stired at 20
°C for 2 h. The reaction mixture was concentrated under reduced pressure to give 4-{4-{[1-]1-
[{2,6-dioxo-3-piperidylicarbamoyi}-3-bicyclof 1 . 1.1 pentanyi]-4-piperidyl jmethyil-1-
piperidyl]benzoic acid (43 mg, crude, trifluoroacetic salt) as a light yellow oil, which was used for
next step directly.

[0917] LCMS: MS (ESI) m/z: 523.2[M+1]".

{0918} Chemical Formula: CooH3sNaQs, Molecular Weight: 522.64

[0919] Step 16 Preparation  of  3-[4-[{1-[4-[{3-(4-cyano-3,5-dimethyl-phenoxy}-2,2,4,4-
tetramethyleyclobutyljcarbamoyliphenylj-4-pperidytimethyli-1-piperidyl]-N-(2,6-dioxo-3-

piperidybicyclo[1.1. 1 ]pentane-1-carboxamide, Compound 70

, NG, . g e l—:r i
bi e = G e B TN
B N | T Nu, H 7 j
[\j o A -
T VeV G ———— - Y T
L\’/ AN’ ANNX N\? \\’/\/,L\/J ’ H-‘!\i 'iL H
0 \[ /Nk
~N0
8928} To a solution of 4-14-[11-11-{(2,6-dioxo-3-pipendyljcarbamoyl}-3-

bicvelef1. 1. 1jpentanyt]-4-piperidy!jmethyl]-1-piperidylibenzoic acid (43 myg, ¢.07 mmol, 1.00 eq,
trifluoroacetic salt) and 4-{3~amine-2,2, 4, 4-tetramethyl-cyclobutoxy}-2,6-
dimethylbenzonitrile(33 mg, 0.11 mmol, 1.50 eq, hydrochloride) in dimethylformamide (2 mL)

was added diisopropylethylamine (44 mg, 0.33 mmol, 5.00 eq), hydroxybenzotriazole (14 mg,
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0.10 mmol, 1.50 eq), 1-(3-dimethylammopropyi}-3-ethylcarbodiimide hydrochloride (19 mg, G.10
mmol, 1.50 eq). Then the mixture was stirred for 2 h at 30 °C. LCMS showed that the reaction
was completed.  The mixture was filtered. The filtrate was purified by preparative high
performance liquid chromatography {column: Phenomenex Synergi C18 150%25%10 um; mobile
phase: [water (0.225% FA)}-ACN]; B%: 30%-51%, 7 min} to give 3-[4-[[1-[4-{{3-{4-cyanc-3,5-
dimethyl-phenoxy}-2,2, 4, 4-tetramethyicyclobutylicarbamoyl]pheny!]-4-piperidyl jmethyl]-1-
piperidyl]-N-(2,6~-dioxo-3-piperidyllbicyclo]1.1. 1]pentane-1-carboxamide{16.6 mg, 0.02 mmol,
30% vield, 96 % purity} as a white sohid.

0921} QC-LOMS: MS (ESD m/z: 777.3[M+117

09221 'H NMR: (400 MHz, DMSO-ds)d: 10.67 - 1092 (m, 1 H), 801 (d, =84 Hz, 1 H), 7.73
(d,J=88Hz, 2H), 747 (d, }=02Hz 1 H), 6.95(d, =00 Hz, 2 H), 6.66-678 (m, 2 H), 448 -
459 (o, 1 H), 423(s, 1 H), 404 (d, J=00Hz 1 H),384(brd, J=122Hz, 2H), 270~ 284 (m, §
H), 239-248 (m, 7H), 180 -2.04 (m, 10 H), 1.61 - 1.76 (m, 4 H}, 1.56-1.60(m, 1 H), 1.26-
139Go, 1H), 1225, 6 H), 1.10- 118 {(m, 10 H), 100~ 110 {m, 2 H).

10923} Chemucal Formula: CasHeoNeOs, Molecular Weight: 777.01

10924} EXAMPLE 25 — TH NMR AND MASS SPECTROSCOPY
[6925] The 'H NMR and mass spectroscopy data for the compounds of the disclosure is
provided below i Table 3.

{8926} TABLE 3. 'H NMR AND MASS SPECTROSCOPY DATA FOR THE COMPOUNDS OF THE

DISCLOSURE
Compound Exact QObserved
No. Compound Name Mass miz 'H NMR Data
' IV

o TH NMR (400 Mz, DMSO-ds) 6 10.84
R (s, 1), 8.17 (s, 1H), 8.04 (1, J=7.2 Hz,
methox yphenoxy)- 1H), 7‘74 {d, 3=8.8 Hz, 2H), 7.60 - 7.68
59 4.4, v (m 2H), '7.49 {d, 192 Hz, 1H), 696 (d,
te:tr;m;leth‘v'icyciohuwi‘; j92 Hz, ;’H)’ 6f - 02}6 (m, 2H), 6.64

1 carbamm:i)pheng/i‘pp.ip) 807.41 808.63 (d’ 5:210 H%’ 1H), é‘ﬁﬁ (dd’,.}:s‘A" 2.0
eridin-d- : 1961 Hz, 1H}, 74;69 - 478 {m, 17}1), 428 (s, »
oDmethyDpiperazin.1- 1H), 4.06 (4, J=9.2 Haz, 1H), 3.91 (s, 3H),
e 3.86 (d, J=13.2 Hz, 2H), 3.31 (s, 4H),
?”ﬁi;O ; eridine3oy - 273 - 2.85 (m, 3H), 2.54 (d, F=4.0 Hz,
oo ji_ofi;m;ami d}e 1H), 2.49 (s, 4H), 2.21 (d, J=6.8 Hz, 2H),

2.06 - 2.16 (m, 1H), 1.98 - 2.05 (m, 1H),

[
N
)
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176 - 1.85 (m, 3H), 1.23 (s, GH), 1.22 -
1.17 (m, 28, 115 (s, 6H).
N-{{1R,3R)-3-(4-
cyang-3,5- 'H NMR (300 MHz, CDCL:) 8 8.13 (m,
dimethylphenoxy}- 1H), 8.60-7.97 {m, 1H), 7.87 {m, 1H},
2.2.4.4- 7.76-7.74 (m, 2H), 7.01-6.92 (m, 1H),
tetramethylcyclobutyl) 6.89-6.84 (m, 3H), 6.58 {m, 2H), 4.77-
R ~6-{4-{{4-(4-(2,6- 789.43 | 790.7533 | 471 (m, 1H), 4.57-4.52 (m, 2H), 4.19-
= dioxopiperidin-3- 2616 333 4.16 (m, 1H), 4.05 (m, 1H), 3.33-3.29
yhcarbamovl)phenyllp {m, 3H), 3.12-3.07(m, 2H), 2 85-2.82 {m,
tperazin~-1- 3H), 2.80-2.75 {(m, 3H}, 2.49 (m, SH},
yhmethylpiperidin-1- 228-2.22 (m, 2H), 2.01-1.91 {m, 2H),
yhpyridazine-3- 1.39-1.11 (m, 19H).
carboxamide
;;1%;543 R}-3-(3- H NMR (300 MHz, DMSO) 5 10.81 (s,
ovanophenoxy)- 1H), 8.46-8 43 (m, 1H), 8.25-8.22 (m,
5 2'4 1. 7 1H), 7.91-7.89 (m, 1@-{}; 7.83 -7.81 (m,
eimmethyleyclobutyl) 1H), 7.77-7.45 (m, 2H), 7.38-7.35 (m,
a6 | 79536 | L), 7.25 (s, LH), 7.05-6.97(m, 3H),
3 dloxopiperidins. ias | 79668 | 476-474 (m,1H), 452-4.46 (m, 3H),
y1}carbamovi)péenvl)p o 4.02-4.00 {m, 1H}), 3.20 (m, 44}, 3.08-
AN 3.02 {m, 2H), 2.83-2.76 (m, 1H), 2.60
‘Fl’e‘af“g”i‘ eridin (m, 4H), 2.23-2.13 (m, 2H), 2.10-2.00
ylimethyljpiperidin-i- (m, 1H), 1.97-1.84 (m, 4H), 1.28-1.03
yhpyridazine-3- . i
I {m, 15H).
carboxamide '
HNMR {400 MHz, DMSO-ds) 6 10.86
o (s, 13}, 8.68 (d, F=8.4 Hz, 1H), 8.15 (5,
HHU--(URIR)- VH), 7.91 (d, J=8 8 Hz, 1H), 7.75 (d,
3-(3-¢chloro-4- o ;
cyanophenoxy - 188 H?" AH,)’ 7;.48_( d, =8.8 Ha, EH)’(
v 7.41 (s, 1H), 7.27 - 7.36 (m, 2H), 7.22 (d,
téﬂ’.al;'lﬁfhVleCiObuiVH =24 Hz, 1H), 710 - 7.15 (m, 1H), 7.02
4 cafbaméw&)pherw1'};3“1‘;7/ 793.37 794 69 (dd, }=8.8, 2.4, 1H), 6.97 {(d, J=8.8 Hz,
g PR 1845 i 2H), 4.72 - 4.84 (m, 1H), 4.33 (s, 1H),
SmethyDpiperazin.1- 4.06 (d, 9.2 Fiz, 1H), 3.87(d, J=13.2
;'l}—N—{j 6—' ) Hz, 2H}, 3.16 - 3.28 (m, 6H), 2.75 - 2.88
Ziicxapi;;éridin—& (m, SH}, 2(5? -2.61 {m, 45), 222 -2.29
VDboneamide (m, 2H), 2.07 - 2.20 {m, 1H), 1.93 - 2.03
Yoo (m, 1H), 1.76 - 1.86 {m, 3H), 1.23 (s,
6H), 1.20 (s, 1H), 1.14 (s, 6H).
S-{4-{{1-{4~({{1R.3R}- 'H NMR (CD:0OD, 300MHz) 6 8.42 (m,
3-{4-cyano-3,5- 2H),7.79 (s, 1FD), 7.73 (d, 2H), 7.0(d,
5 dimethylphenoxy)- 788.43 789 63 2H), 6.71 (s, 2H), 4 92-4.8%, 1H}, 4.23
' 2,24 4- 7367 SO (s, 1H), 4.11 (m, 1H), 3.91 (d, 2H), 3.38-
tetraroethylcyclobutyl) 3.35 {m, SH), 2.89-2.79 {m, 3H), 2.76-
carbamoyhphenylipip 2.74 (m, 1H), 2.69-2.64 {m, 4H), 2.47 (s,

264
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eridin-4- 6¥),2.33 (d, 2H), 2.25-2.16 (m, 3H),

yhmethyDpiperazin-1- 1.39-1.31m, 3H), 1.28 (s, 6H), 1.21(5,

y1)-N-(2,6- 6H).

dioxopiperidin-3~

yvinicotinamide

- (A-((1-(A-(( TR 3R)-

3-{4-cyano-3,5-

fl;lztif“ Iphenoxy)- H NMR (400 MHz, Methanol-d¢) § 8.29

;étr;at;lethyiavciobutvi) . (,s’ SH)’, ?'75,@’ Jj,gj H‘,Z’ 1H), 7‘?2 {d,
G ca.rhamoyi)phenvi}p&p 80445 806.635 j,:, 8',9 Hz, IH,')‘; 6' 3G, 1H\) 424 (s, !

din-d- - 2696 OH), %93 {s, }H) 336 (s, 3H§ 290(d, ]

eg et =12.4 Hz, 3H), 2.49 (s, 3H), 137 - 127

;i;ffé g_plperazm“ ; (m, 6H), 1.22 (s, 3H).

dioxopipendimn-3-yi}-

2-fluorobenzamide

'H NMR (400 MHz, DMSO-ds) § 10.82

N-{{1R,3R)-3-(3- (s, 1H), 8.47 (d, J=8.4 Hz, 1H), 8.14 (s,

chioro-4- 1H), 7.90 (d, F=8.8 Hz, 1H), 7.75 {1,

cyanophenoxy - =88 Hz, 4H), 7.48 (d, J=9.2 Hz, 1H),

2.2.4.4- 7.21 (d, }=2.4 Hz, 1H), 7.02 - 6.95 {m,

tetramethylcyclobutyl) 703 37 SH), 4.79 - 470 (m, 1H), 432 (5, 1H),

7 ~4-{4-{({(4-{4-((2,6- 1gas 179469 1405 (d, }=02Hz, 1H), 3.86 (br d, J=124
dioxopipendin-3- - Hz, 2H}, 3.29 - 3.27 (m, 6H), 2.80 (br ¢,
yhicarbamoyphenyllp J=12.0 Hz, 3H), 2.57 - 2.52 {m, 4H), 2.24
iperazin-1- (brs, 2H}, 2.15 - 2.07 {m, 1H}, 1.99 -
yhmethyDpiperidin-1- 192 (m, 1H), 1.84 - 1.76 (m, 3H), 1.22
yhibenzamide (s, 6H), 1.18(br d, J=4.8 Hz, 1H), 1.13

(s, 6H).

'H NMR (400 MHz, Chloroform-d) &
o 7.92 (s, 1H), 7.70 (d, J = 8.8 Hz, 2H),
;ﬁfiﬁlﬁffl R3R)- 7.64 ~7.55 (m, 2H}, 7.13 - 7.04 (m, 2H),
VN 6.98 (¢, 1 =24z 1H), 6.93(d, ] =8.8
‘“55‘;‘3’ 1enoxy) Hz, 2H), 6.83 (dd. J = 8.7, 2.4 Hz, 11,
et 6.12 (d, T =8.1 Hz, 1H), 4.80 (dt, T =

) i‘j;;f::i’g;;‘iﬁ;g; BU136 | oo o | 11653 Hz, 1H), 417(d, =81 Hz,
o : 2424 : TH), 4.06 (s, 1H), 387(d, J = 127 Ha,

s Dmethylypiperazin-1- 2H), 3.22 (s, 3H), 2.86 (5, 3H), 2.85 —
N6 2.68 (m, 1H), 2.61 (s, 3H), 2.30 (s, 1F),
YU-NAS0- 201 (tr, = 12.7, 6.0 Hz, 1H), 1.93 (d, §
dioxopiperidin-3-y)- =14.4 Hz, 1H), 1.26 (d, J = 17.1 Hz,
2-fluorobenzamide 14H), 0.92 - 0.83 (m, 1H), 0.13 - 0.04
(m, 1H), 0.09 (s, 14H).
N-({IR.3R)}-3-(3- o oo T H NMR (400 MHz, DMSO-ds) 5 10.87

9 chioro-4- izgg’ﬂ zég'”% (s, 1H), 8.74 (d, }=8.4 Hz, 1H), 8.57 -

cyanophenoxy)- T 8.64 (m, 1H), 827 - 839 (m, 2H), 791
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2.2.4.4-
tetramethyleyclobutyl)
“3-(4-(({{(1R3R}-3-(3-
{{2.6~-dioxopiperidin-
3.
yhcarbamoyliphenoxy
YevelobutyD{isopropyl
Yaminoymethy Hpiperid
in-1-yhpyrazine-2-
carboxamide

(d, J=8.8 Hz, 1H), 7.81 (d, J=9.2 Hz,
§H), 7.44 (br d, J=7.6 Hz, 1H), 7.29 -
7.42 (m, 2H), 7.25 (d, }=2.4 Hz, 1H),
6.95 - 7.10 {m, 2H), 4.67 - 4.82 {(m,
1.6H), 4.31 - 4.58 (m, 3.5H), 3.96 (d,
J=8.8 Hz, 1H), 3.56 - 3.69 (m, 11}, 2.7¢
-3.02 (m, SH), 2.34 - 2.41 {m, 2H), 2.2
(br d, J=6.8 Hz, 2H), 2.10 - 2.19 {m,
2.5H), 1.93 - 2.10 {m, 1.6H), 1.86 (br d,
F=10.5 Hz, 2H), 1.70 {brs, 1), 1.19 (5,
SH), 1.13 (s, 6H), 0.99 - 1.11 (m, 2H),
0.93 (br d, J=6.4 Hz, 6 H),

5
5

G-{A-({1-(4-(({( I R3R)-
3-(4-cyano-3,5-
dimethylphenoxy)-
2,2.4.4-
tetrarnethylcyclobutyl)

'H NMR (400 MHz, Chloroform-d) &
§77(d. I=70Hz 1H),827(d, J=59
Hz, 1H), 7.99 (s, 1H), 7.70(d, T =8 9 Hz,
2Hy,763(d,J=27Hz 1H), 694{d, 1=
§8 Hz, 2H), 6.77 (dd, T = 6.0, 2.7 Hz,
1H), 6.60 (s, 2H), 6.13 (d, T=8.1 Hz,

L el | T8RA3 Lo 1H), 4.80 (dt, J=12.5, 6.1 He, 1H), 415
m :iﬁﬁfnpbenmpm 7367 00T (3 F=81 Hz 1H), 404 (s, 1H), 3.87 (d.
‘y;i)methvi)pipera?'in?! ) J=126 H}'ZH}, 292 -2.74 (m, 4H),
e : 2.65 —2.56 (m, 1H), 2.50 (s, 6H), 2.34 (s,
ziii\;@ ii ,ﬂ‘ridin-"i— 1H), 215 = 1.99 (o, 1H), 1.95 (s, 2H),
0 “.}'f"j' e §.82 (s, TH), 1.25(d, = 14.1 Hz, 12H),
yijpicolinanude 0.85 (s, 1H), 0.13 — 0.04 (m, 1H), 0.09 (s,
12H.
N-{{1R,3R}-3-(4- H NMR {400 MHz, Methanol-dy} § 8.74
cyang-3,5- (s, 2H), 748 - 741 (m, 1H}, 739 (1, §=
dimethylphenoxy)- 7T8Hz 1H), 732 (, J=2.0Hz 1H),
2.2.4.4- 7.08 —7.00 (m, 1H), 6.73 (s, 2H), 4.77 (¢
tetramethyloyclobutyl) J=64Hz 1H), 423 (s, 1H}, 413 (s,
“2-{4-({({{(1R3R)-3-(3- 937 46 1H), 3.76 (s, 1H), 298 (1, I = 12.4 Hz,
i1 ((2,6~-dioxopiperidin- 3 <§" 833.7% 2HY, 289279 (m, 1H), 2.73 (dt, J =
3. S 17.6,3.7 Hz, 1H), 2.49 (s, 6H), 2.35 (s,
yhcarbamovl)phenoxy 1H), 2.28 (5, 3H), 2.27 - 2.21 {m, 1H),
YevelobutyB{isopropyl 221(d, J=75Hz, 1H), 1.9, J=126
Yamunoymethypiperid Hz ZH), 1.77 (s, 1H), 1.29(s, 6H), 1.22
n-1-yUpyrimidine-S- (s, 6H), 111 (d, J=121H=z 2H), 1.03
carboxamide {d, ] =6.6Hz 6H).
N-{{1R,3R}-3-{4- TH NMR (400 MHz, Methanol-ds}
cyane-3,5- 8.75 (s, 2H), 7.89 ~ 7.82 (m, 2H), 6.91
dimethylphenoxy}- 332 46 (d, J = 8.9 Hz, 2H}, 6.73 (5, ZH), 4.92 (s,
12 224 4 Siga | 83379 | 1H), 488 (s, 2H), 478 (4,1 = 6.4 H,

tetramethylcyclobutyl)
-2-(4-(({(1R,3R)-3-(4-
((2.6-dioxopiperidin-

TH), 4.23 (s, TH), 4.13 (s, 1H), 3.76 (¢, J
=81 Hz, 1H), 3.04 (s, 1H), 2.98 (, J =
12.6 Hz, 2H), 2.83 (dt, I=11.8, 6.5 Hz,
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3.
ylcarbamoyiiphenoxy
YeyelobutyBisopropyl
YamunopoethyDpiperid
m-1-yhpyrimdine-5-

1H), 2.77 — 2.67 (m, 1H), 2.49 (s, 6H),
2.35(d, 1=6.7 Hz, 7H), 2.22(ddd, J =
169,14.2, 8.4 Hz, SH), 1,96 (d, I=13.0
Hz, 2H), 1.77 (s, 1H), 1.40 (s, OH), 1.29
(s, 6H), 1.22 (s, 6H), 1.16 — 1.07 (m, 2H),

carboxamide 1.03(d, J=060Hz 6H),012¢(d, =25
Hz, 1H).

N-({IR, IR)-3-(4- 'H NMR (400 MHz, Methanol-dd) § 8.68

cyang-3,5-

dimethylphenoxy}-
2244~
tetramethyleyclobutyl)
5-(A{((IR3R)-3-(4-

(d,J=13Hz 1H), 825(d, J = 1.4 Hz,
1H), 7.86 (d, ] = 8.7 Hz, 7H), 6.92(d, | =
8.7 Hz, 2H), 6.74 (s, 2H), 4.79 (s, 1H),
4.61 (4, J=12.2 Hz, 2H), 4.27 (s, 1H),

iy g oD Y s ey
;'l)carbamovl)phmow 2.68 {(m, 1H), 2.49 (s, 6H), 2.33 (s, 7TH),
gcﬁiobutvli (is'opmp(w:i 2.27 —2.16 {m, 2H), 2.08 - 1.% {m, 3H},
3a§n§no)f£eﬂwi)piper§ q 1.82 (s, 2H), 1.29 (s, TH), 1.24 (s, SH),
T S 1.22 (s, 6H), 1.06 (s, SH), 0.92 (s, 1H},
in-1-yhpyrazine-2- s ¢

UBY; 0.12 (s, 1H).
carboxamide

1H NMR {400 MHz, DMSQ0-d6)5: 10.84

4-(4-((1-{(4-({{( 1R, 3R)- (s, 1), 8.05 (t, J=7.2 Hz, 1H), 7.75(d,
3-{4-cyano-3- J=8.8 Hz, 2H), 7.69 - 7.60 (m, 2F), 7.51
methoxyphenoxy}- (d, I=9.2 Hz, 1H)}, 6.96 (d, }=8.8 Hz,
2.2.4.4- 2H), 6.87 - 6.74 (m, 2H), 6.65 (d, J=2.0
tetramethyloyclobutyl) $07 41 Hz, 1H), 6.55(d, J=8.8, 2.0 Hz, 1H),

14 carbamoyljphenyljpip | 7 808.54 483 -4 65 (m, 1H), 42%9(s, 1H), 4.06
eridin-4- = (d, =92 Hz, 1H), 3.95-3.79 (m, SH},
yhmethyhpiperazin-1- 332-3 24 (m, 4H), 2.87 - 2.72 {m, 3H},
y1-N-((R)-2,6- 2.56 - 2.53 (m, 2H), 2.49 - 2.46 (m, 3H),
dioxopiperidin-3-yi}- 225-2.17(m, 2H), 2.17 - 2.08 (m, 1H),
2-fluorobenzamide 2.06-2.00(m, 1H), 1.81 {(d, =12.0 Hz,

3H), 1.27 - 1,10 (m, 14H).
N-({1R,3R)-3-(4- 'H NMR (400 MHz, Methanol-ds) & 8.67
cyano-3,5- (d, F=14Hz 1H), 824(d, I= 13 Hz,
dimethyiphenoxy)- TH), 745 (d, J =76 He, 1H), 739, J =
2,244~ 79 Hz 1H), 732 (s, 1H), 7.04(d, F =383
tetramethylcyclobutyl) Hz 1H), 6.74 (s, 2H), 4.77 (5, 1H}, 4.60
S-(A-(IRIR)3-G | ggn 40 (d, §=13.3 Hz, 2H), 4.27 (s, 1H}, 4.06
15 ((2,6-dioxoprperidin- 35%&5 833.79 (s, 1TH}, 3.77 (s, 1H}, 3.03 (1, I = 12.5 Hz,

_'5 =
yhicarbamov)phenoxy
Jeyclobutyli(isopropyl
JaminemethyDpiperid
in-1-yhpyrazine-2-
carboxamide

3H), 2.84 (dd, J = 17.3, 7.4 Hz, 111}, 2.78
~2.69 (m, 1H), 2.4 (s, 64, 2.36 (s, 2H),
223 (t, F= 11.6, 7.0 Hz, 4H), 2.00 (d, J
=13.1 Hz, 2H), 1.79 (s, 1H), 1.29 (s,
6H), 1.22 (s, 6H), 1.18 {5, 2H), 1.03 (4, J
=6.5 Hz, 6H), 0.92 (s, OH), 0.12 (s, 1H).
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N-{IR.3R)}-3-(3-
chioro-4-
cyanophenoxy )
2,2.4,4-
tetramethyleyclobutyl)
-S-(A-((((1R 3R)-3-(4-

H NMR (400 MHz, Methanol-ds) 6 8.67
(d,7=13¥Hz 1H),824(d, J=13Hz,
§H), 7.89 — 7.81 (m, 2H), 7.75 (4, T = 8.3
Hz, 1H), 7.17 (d, ] = 2.4 Hz, 1H), 7.01
(dd, T=838, 2.5 Hz, 1H), 6.91 (d, T = 8.8
Hz, 2H), 4.77 (s, 1H), 4.60 (d, ] = 13.4
Hz, 2H), 4.33 (s, 1H), 4.09 (s, 1H), 3.76

. ) T 838.39 ; t, J=81Hz 1H), 303, J=124Hz,
16 g(_z’()“d‘ox“’p‘pe”dm" 3300 | 23972 gs}-{), 2.85 (ddd, T = 1 8.5,(1 1.7, 6.7 H,
vt Db e 1H), 2.77 — 2.68 (v, 1H), 2.45 (s, 2H),
gi}‘;ﬁ};ij?‘;‘gg‘::;‘ﬁ 2.35(d, I=7.1 Hz, 2H), 2.32 - 2.15 (m,
)a;’m‘( »)nfefh’»: ) ; ipi{‘;d 4H), 2.00 (d, 1= 13.0 Hz, 2H), 1.78 (5,
]yl pyraine. . 2H), 1.30 (s, TH), 1.23 (s, 6H), 1.16 {dd,
carboxanide F=122 86Hz 2H), 1.03{(d, =66 Hz,
' 6H), 0.91 (s, 1H, 0.11 (4, T = 4.4 Hz,
OH).
H NMR (400 MHz, DMSO-ds) 6 10.85
N-((1R,3R)-3-(3- (s, 1F1), §.25 (d, 7=0.2 Hiz, 1T1), R.16 (s,
chioro-4- 1H), 8.05 (1, I=7.2 Hz, 1H), 7.91 {4,
cyanophenoxy)- J=8.38 He, 1H), 7.82(d, J=0.6 Hz, 1H),
2.2,4.4- 7.64 (t, J=8.8 Hz, 1H), 7.37 (d, J=9.6 Az,
tetramethyleyclobutyl) 1H), 7.26 (d, J=2.4 He, 1H), 7.04 {dd,
~6-{4-{{4-(4-((2,6~ 51335 J=8.8, 2.4 Hz, 1H), 6.75 - 6.87 (m, 2H),
17 dioxopiperidin-3~ 29‘?; T 814.67 469 - 4.79 (m, 1H), 4.45 - 4.55 (m, 3H),
yljcarbamoyi}-3- o 401 (d, =92 Hz, 1H), 3.34 - 3.49 {m,
fluorophenylipiperazin 4H3, 3.05 (1, I=11.6 H», 2H), 2.72-2.84
-1~ {m, TH), 2.51 - 2.56 {m, 45}, 2.21 {d,
yhmethyDpipendin-1- F=0.8 He, 2H), 2.07 - 2,16 (i, 1H}, 1.98
yhipyridazine-3- = 2.05 {m, 1H), 1.94 (5, 1H), 1.85 (d,
carboxamide F=13.2 He, 2H}, 1.23 (s, 6H}, 1.15 {5,
9H).
N-{{(1R,3R}-3-(3- 'H NMR (400 MHz, DMSQ-ds) 8 10.85
chlorg-4- (s, 1H}, 8.61 (s, 1H)}, 8.34 (s, 1H}, 8.14
cyanophenoxy}- (s, 1H), 8.06 (1, J=7.2 Hz, 1H), 7.91 {d,
2.2,4.4- J=88 Hz IH), 781 (d, I=9.2 Hz, 1H),
tetramethyleyclobutyl) 7.64 (1, J=0.2 He, 1H), 7.25(d, J=2.4 Hz,
-5 {(d-{{4-(4-((2,6- 61335 iH), 7.03 (dd, J=8.8, 2.4 Hz, 1H), 6.72 -
18 dioxopiperidin-3- 29?7; T B14.67 6.87 (m, 2H), 4.67 - 4.79 (m, 1H), 4.40 -
ylcarbamovi}-3- o 4.54 {m, 3H), 3.96 (d, I=8.8 Hz, 1H),
fluorophenyl)piperazin 327-332(m, 4H), 3.02{t, J=11.6 Hz,
-~ 2Hy, 271 - 2.85 (o, 1H), 2.51 ~ 2.58 (o,
ylmethyDpipendin-1- 4H), 222 {d, J=6.0 Hz, 2H), 2.08 - 2.16
yhpyrazine-2- {m, 1H), 1.89-2.06 {m, 2H), 1.84{d,
carboxamide J=12.8 Hz, 2H), 1.05 - 1.25 (u, 15H).
9 4-(@-((1-A-(OR3R) [B1136 | o\ o | H NMR (400 MHz, DMSO-d) 5 10.84
3-(3-chloro-4- 2424 < (s, 1R, 8.21 (s, 1H), $.04 (¢ J=7.2 Hz,
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cyanophenoxy }-
2.2.4.4-
tetramethyleyclobutyl)
carbamoyljphenyhipip
eridin-4-
yhmethyhpiperazin-1-
yH-N-(2,6-
dioxopiperidin-3-y1)-
2-fluorobenzamide

1H), 7.91 (d, J=8.8 Hz, 1H), 7.74 (d,
J=8.8 Hz, 2H), 7.64 (1, 1=9.2 Hz, 1H),
748 (d, =92 Hz, 1H), 7.21 (4, J=2.4 Hz,
1H), 6.93 - 7.05 (m, 3H), 6.75 - 6.86 (m,
2H), 4.69 - 4.78 (m, 1H), 4.33 (s, 1H),
4.06 (d, J=9.2 Hz, 1H), 3.86 (d, }=13.2
Hz, 2H), 3.34 - 3.42 (m, 4H), 2.72 - 2.84
(m, 3H), 2.54 (d, J=4.0 Hz, 1H), 2.52 -
2.57 (m, 1H), 2.49 (s, 2H), 2.45 - 2.50
(m, 1H), 2.21 (d, J=6.8 Hz, 2H), 2.07 -
2.16 (m, 1H), 1.98 - 2.06 (m, 1H), 1.75 -
1.85 (m, 3H), 1.22 (s, 8H), 1.12- 1.1
{m, 19}, 1.13 (s, SH).

w

G-{A-({1-(4-(({( I R3R)-
3-(4-cyano-3,5-
dimethylphenoxy)-
2,2.4.4-
tetrarnethylcyclobutyl)

TH NMR (400 MHz, DMSO-ds) 6 10.85
(s, 1H), 8.27 (s, 1H), 8.06 (¢, J=7.2 Hz,
1H), 7.74 (4, 7=8.8 Hz, 2H), 7.64 (1,
J=9.2 Hz, 1H), 7.48 (d, J=9.6 Hz, 1H),
6.96 (d, 7=8.8 Hz, 2H), 6.76 - 6.86 (m,

- o IRO543 2H), 6.72 - 6.75 (m, 2H}, 4.69 - 4.79 (i,

0 :iﬁﬁfnpbenmpm 2606 | SUTH gy 403 (s, 1H), 4.04 (d, J=0.6 Hz, 1H),
‘y;i)meﬂwi)pipera?im} ) 38c6(d, =128 Hxz, 2H), 3.37 - ’3.46 {m,
T - 4FD), 2.74 - 2.83 (m, 3H), 2.44 (s, 8H),
?.iif)\;@ ii ’f-‘ridin—"i*vi)— 1.96-2.25 {m, SH), 1.81 {d, I=11.6 Hz,
iy ﬂu;ixi}ﬁza]ﬁi A 3H), 1.22 (s, 6H), 1.16 (s, 2FD), 1.12 s,

e 61D, 1.04 (s, 2TD),
TH NMR (400 MHz, DMSQ-d6)S: 10.84
4-{(4-{(1-{4-(1R3R)- (s, 1H), 8.05 (1, J=72 Hz, 1H), 7.75{d,
3-{4-cyano-3- J=8.8 Hz, 2H), 7.69 - 7.60 {m, 2H), 7.51
methoxyphenoxy)- (d, J=92 Hz, 1H), 6.96(d, =88 Hz,
2.2.4.4- 2H), 6.87 - 6.74 (m, 2H), 6.65 (d, 3=2.0
tetramethyloyclobutyl) 507 41 Hz, 1H), ¢.55(d, J=8.8, 2.0 Hz, 1H),

21 carbamoyljphenylpip | , 808.45 4.83 -4 65(m, 1H), 429 (s, 1H), 4.06
eridin-4- = (d, J=92 Hz, 1H), 3.95-3.79 {m, SH),
yhmethyhpiperazin-1- 332-3 24 (m, 4H), 2.87 - 2.72 {m, 3H)},
y-N-{{8}-2,0- 2.56-2.53 (m, 2H), 2.49 - 2.46 (m, 3H),
dioxopiperidin-3-y1}- 225-2.17{(m, 2H), 217 - 2.08 {m, 1H),
2-fluorobenzamide 2.06-2.00(m, 1H), 1.81 {d, ==12.0 Hz,

3H), 1.27 - 1.10 (m, 14FD).
N-({ 1R 4R)-4-(3- "H NMR (400MHz, DMSO-ds) 8 10.85
chioro-4- (s, 1H}, 873 (d, =8 4 Hz, 1H), 8.59(d,
cyanophenoxyeycloh J=8.4 Hz, 1H), 832 (d, J=2.8 Hz, 1H),

- exy|)-6-(4-((4-(6- 76832 | o5, | 816(s, 1H), 786 (dd, J=28, 8.8 Ha,
((2,6-dioxopiperidin- | 63 ” 2H), 7.80 (d, J=5.6 He, 1H), 7.42 {dd,

3.
yhcarbamoyDpyridin
3-yhipiperazin-1-

J=2.8, 8.8 Hz, 1H), 7.39(d, J=2.4 Hz,
TH), 7.33 (d, J=9.6 Hz, 1H), 7.13 {dd,
J=2.4, 8.8 Hz, 1H), 4.80 - 4.69 (m, 1H),

o]
N
2
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ylmethyhpiperidin-1-
yhpyridazine-3-
carhoxamde

4.58 - 4.44 {m, 3H), 3.91 - 3.79 (m, 1H),
3.02 (t, J=11.6 Hz, 2H), 2.86 - 2.73 (m,
iH), 2.52 (d, J=1.6 Hz, 9H), 2.26 - 2.15
(m, 3H), 2.10 (d, I=10.0 Hz, 2H), 2.05 -
1.97 (m, 1H), 1.96 - 1 .85 (m, 4H), 1.82
(s, 1H), 1.71 - 1.58 {m, 2H), 1.57 - 1.44
(m, 2H), 1.20 - 1.07 {m, 2H).

N-{{1R,4R)-4-(3-

'H NMR (400MHz, DMSO-ds) 5 10.83
(s, 1H), 8.59 (d, J=7.6 Hz, 1H), 8.47 (d,

chloro-4- J=7.6 Hz, 1H), 8.20 (s, 1H), 7.85 (d,
cyanophenoxyoycloh =88 Hz I1H), 7.77 (dd, J=8.8, 184 Hz,
exyl)-6-(4-({4-(4- 3H), 7.39 (s, 1H), 7.33 (d, J=9.6 Hz, 1H),
((2,6-dioxopiperidin- 767 33 713 {d, =84 Hz 1H), 6.97 (d, ]=8.4 Hz,
23 3- i T T768.52 2H), 474 (5, 1H}, 4.59 - 4.43 {m, 4H),
yhicarbamovlphenylp 385(s, 1H}, 328 -3.24(m, 2H), 3.02 (y,
iperazin-1- J=12.0 Hz, 2H), 2.85 -~ 2.73 {10, 3H), 2.20
ylmethy hpipenidin-1- (d, J=7.6 Hz, 3H), 2.10 (d, J=9.2 He,
yhpvridazine-3- 4H), 2.02 - 1.77 {0, 6H), 1.71 ~ 1.38 (i,
carhoxamide A, 151 (d, 7=12.8 Hz, 3H), 112(d,
J=11.6 Hz, 2H).
Z\g}({iiiik)%& "H NMR (400MHz, DMSO-ds) 3 10.84
eyanophenosy)escloh (s, 1H), 884 (d, }=8.4 Hz, 1H), 858 (s,
oy} 5-(A((L1 R 3R)- 1H), 829 - 8.21 (m, 2H), 8.17 (s, 1H),
setee 8.07-7.95 (m, 2H), 7.85 (d, J=8.8 Hz,
dioxopinerdin3- 1H), 7.41 - 7.32 (m, 2H), 7.1 (dd, F=2.4,
24 yiEcarbamovl)p‘:'ridim 811.35 817 49 88 Hz, 1H), 490 - 468 {(m, 2H), 4.59 -
< . YiPS 73 : 4.37 (m, 3H), 3.90 - 3.58 (m, 2H), 3.02 -
SN o 2.85 (m, 3H), 2.84 - 2.71 (m, 1H), 2.53
3’””‘;"1)‘“5 “71°b“t-‘/1)f§0 (d, }=2.8 Hz, 2H), 2.44 - 2.31 (m, 3H),
p.mp?f(;f‘“‘mfno)met 1) 2.30 - 1.95 (m, 9H), 1.92 - 1.79 (m, 4H),
pip‘e{‘ i 5 1.73 - 1.42 (m, 5H), 1.05 (g, J=10.8 Hz,
yhpyrazine-2- 2H), 0.92 (d, 1=6.4 Hz, 6H).
carboxamide ‘
N-{{1R,4R}-4-(3~
chlorg-4- H NMR {400MHz, DMSG-ds) § 10.83
cyanophenoxyJoycloh s, 1H}, 8.58 (s, 1H), 825-824{(d, J=4
exyl)-5-(4-((({1R,3R)- Hz 2H), 8.15 (s, 1H),7.86 - 7.84 {d, = &
3-(4-((2,6- Hz 1H), 7.66 (s, 1H) 7.36 ( s, 1H), 7.13
55 dioxopiperidin-3- BI83S | ooy g |~ 710(d I=12Hz2H) 746 - 474 (d, ]
- ylicarbamoyi}-3- 26 e =8 Hz 2H), 4 52-4.47 {m, 3H), 3.81 (s,

fluorophenoxy jeyclob
oty ¥isopropyllaming)
methyDpiperidin-1-
ylhpyrazine-2-
carboxamide

TH), 2.95 (m, 3H), 2.52-2.49 (m, 2H),
2.25-2.24 (m, 6H), 2.07-1.96 (m, 2H),
1.83-1.82 (m, 4H), 1.58-1.52(m, 4H),
1.07 (s, 2H), 0.93 ( s, 6H).
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NA{{(IR,4R)-4-(3-
chioro-4-
cyanophenoxy jeycloh
exyl}-6-{4-{{4-{4~
({2.6-dioxopipendin-

"H NMR (400MHz, DMSO-ds} 6 10.85
(s, 1H), §.61 (d, J=8 2 Hz, 1H), 8.05 (1,
J=7.2 Hz, 1H), 7.86 (¢, }=8.8 Hz, 1H),
7.80(d, I=9.6 Hz, 1H), 7.63 {t, }=9.2 Hz,
1H), 7.39 (d, 3=2.4 Hz, 1H), 7.33 (d,
F=9.6 Hz, 1H), 7.14 (dd, }=2.0, 8.8 Hz,
1H), 6.87 - 6.73 (m, 2H), 4.77 - 4.68 (m,

26 3-yhearbamoyl}-3- ZE}'BL 786.58 1H), 4.58 - 4.44 (m, 3H), 3.86 {d, J=8.8
fluorophenylipiperazin Hez, 1H}, 3.30 (s, 7TH}, 3.02 {t, }=12.0 Hz,
S 2HY, 283 - 272 (m, 1H), 2.47 ~ 2.45 (m,
ylmethyhpipendin-1- 2HY, 247 - 240 (m, 1H), 2.20(d, J=7.2
yhipyridazine-3- Hez, ZH}, 2,10 (d, J=4.8 Hz, 3H), 2.00 (d,
carboxarmde F=104 He, 1H), 1.94 - 1.79 (m, 5H), 1.70
- 158 {m, 2H), 1.57 - 1.44 {m, 2F), 1.20
- 1.06 {m, 2H),
'H NMR (400MHz, DMSO-ds) § 10.82
e o a (s, 1FD), 8.62 - .54 (m, 2H), 8.23 (d,
ot O F8.8 Hz, 2H), 8.04 (d, I=8.0 Hiz, 1H)
cyanophenoxyevcloh 789 i 775 (m, 3H), 7.36 (d, I=2.4 Hz,
oy -(A((( 17 30)3- 1H), 7.12 (dd, J=2.4, 8.8 Hz, 1H), 6.8
e » (d, 7=8.8 Hz, 2H), 4.79 - 4.68 (m, 2H),
07 dioxe&iﬁiperidin—"i— 810.36 811 57 /-‘3,49 (d{J:lZ.-'i Hz, 3H), 3.88 - 3.77 {m,
yi)éaré;améyi)pimnoxy 2 a iHj 269 ) zgz (m, iH}’ 3{2}- ) 3'236 (m.
Jeyclobutyl}isopropyl ;gi :};i ({; ' ;Sﬂg g?;};}l 2 2“;'»3(251(!&
Jaminomethy Dpiperid S e PN
it oyl pyrazine-2- J68 Hz, 2H3,2.21-2.03 (im 6H}, }.96
carboxamide (dd, 4.0, 8.8 Hz, 111}, 1.92 - 1.82{m,
' 4H)y, 1.76 - 1.41 (m, SH), 1.13 ~ 0.98 (m,
2H, 0.92 (d, J=6.4 Hz, 6H).
H NMR (400 MHz, DMSO-ds) & 10.83
N-{{1R,4R)-4-(3- (brs, 1H}, 9.08 {d, J=8.4 Hz, 1H), 8.36
chlorg-4- (d, J=8.4 Hz, 1H), 8.30 (s, 1H), 7.86(dd,
cyanophenoxyjoycloh §=9.6, 4.0 Hz, 2H}, 7.80(d, ]=2.6 Hz,
exyl}-6-(4-((4-(6- 1H), 7.31 - 7.39 (m, 3H), 7.13 (dd, J=8.8,
({2,6-dioxopiperidin- 76932 24Hz 1H), 471 -4.89{(m, 1H), 445 -
28 3- 15 T TI063 1459 (m3H), 380392 (m, 1H), 3.69-
yhearbamoypyridazi | 7 376 {m, 4}, 3.44 - 358 (m, 4H), 2.97 -
o-3-yi)piperazin-1- 330 {(m, 2H), 273 - 2.86 (m, 1H), 2.53 -
yhmethyDpiperidin-1- 258 (m, 1H), 2.18 - 2.25(m, 3H), 2.11
yhpyridazine-3- (d, J=9.6 Hz, 2H), 1.97 - 2.04 (m, 1H),
carboxamde 183 -1.96 (m, SH), 1.58 - 1.69 {m, 2H),
1.46 - 1.58 (m, 2H), 107 - 1.21 {m, 2H).
N-{{1R 4R}-4-(3- 'H NMR (400 MHz, DMSO-ds) 6 10.86
29 chlorg-4- 767.33 763 64 (s, 1H}, 8.52 - 875 (m, 2H}, 8.19 (s, 1H)},
cyanophenoxyieycloh |1 ’ 777 -7.88 (m, 2H}, 738 {d, =24 Hz, 2

exyl}-6-{(4-({4-(3-

H), 7.24 - 7.36 (m. 3H), 7.08 - 7.15 {m,
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{({2.6-dioxopipendin-
3-
yhcarbamoylphenyDp
iperazin-1-
ylmethyhpiperidin-1-
yhpyridazine-3-
carboxamide

2H), 4.71 - 4.84 (mn, 1H), 4.43 - 4.60 (m,
3H), 3.85 (d, J=8.0 Hz, 1H), 3.44 - 3.63
(m, 4H), 3.19 (s, 4H), 3.02 (1, }=10.4 Hz,
2H), 2.73 - 2.87 (m, 1H), 2.55 (d, J=4.0
Hz, 1H), 2.21 (d, J=7.2 Hz, 2H), 2.05 -
2.17 (m, 3H), 1.76 - 2.04 (m, 6H), 1.44 -
1.70 (m, 41), 1.03 - 1.21 (m, 2H).

N-{{1R,4R)-4-(3-
chlorg-4-
cyanophenoxyeycloh
exyh-6-(4-({(4-(5-
((2.6-dioxopiperidin-

'H NMR (400 MHz, DMSO-ds) 8 10.84
(brs, 1H}, 8.61 (brs, 1H}, 8.56 (dd,
J=16.0, 8.0 Hz, 2H), 7.96 (d, }=7.6 Hz,
1H), 7.85 (d, =R 8 Hz, 1H), 7.80 {d,
=88 Hz 1H), 738 (s, 1H), 7.33 (4,
J=9.6 Hz, 1H), 713 (d, J=7.2 Hz, 1H),
6.87 (d, I=8 8 Hz, 1H), 4.74 (brs, 1H),

30 3. 22’&32 769.64 | 448(d J=124Hz 3 H), 3.85 (brs,
ylcarbamoylpyridio- ’ IH), 3.61 (5, 4H), 3.02 (1, I= 124 Hz,
2-yhpiperazin-1- 2Hy, 279 {brt, =124 He, 1H), 2.58 -
ylmethyDpiperidin-1- 2.53 (m, 1H), 2.44 (5, 4H), 2.19 {br d,
yhpyridazine-3- J=4.8 He, 2H), 2.10 {(br d, }=8.8 Hz, 3H),
carboxamide 2.00-1.78 {m, 6H)}, 1.69 - 1.59 {m, 2H),

P51 {brd, J=11.2He, 2H), 1.13 (br d,

J=112 Hz, 2H}.
N-{{1R 4R}-4-(3~ H NMR (400 MHz, DMSO-ds) 8 10.86
chlorg-4- (s, 1H), 8.36 (d, I=8.0 Hz, 1H), 821 (5,
cyanophenoxyeycloh 1H), 7.76 - 7.88 {m, 2H), 7.38 (4, J=2.4
exyl)-6-(4-((4-(4- Hz, 1H), 7.32 (d, J=9.6 Hz, 1H), 7.20 (¢,
({2,6-dioxopiperidin- J=84Hz 1H), 710-7.16 {m, 1H}, 6.72
3- 769 33 - 6.85 (m, ZH), 4.90 - 5.23 (m, 1H), 4.44

31 yi}methyljcarbamoyl) 7*: © 1 800.66 -4.58 (m, 3H), 378 - 3.95 (m, 1H}, 3.24
3- | (s, 4H), 3.02 (t, 3=12.0 Hz, 2H), 2.79 (s,
fluorophenyl)piperazin 4H), 2.28 - 273 {m, 1H), 2.42 - 2.49 {m,
-1- 4H), 2.34 - 2.41 (m, 1H), 2.04 - 2.25 (m,
yhmethyDpiperidin-1- 4H), 1.87 - 1.96 (m, 4H), 1.83 (d, J=13.6
yhpyridazine-3- Hz, 2H), 1.58 - 1.70 {m, 2H), 1 45 - 1.57
carboxamide {m, 2H), 1.08 - 1.18 {m, 2H).

];ﬂ% jf“j R)-4-(3- "H NMR (400 MHz, DMSO-ds) § 10.72
cyanophenoxyeycloh (s, 1H), 8.57 (d, J=8.4 Hz, 1H), 830 (s,
exyi‘):é—(' 2 4_(4-'_ 1HY, 7.76 - 7.89 (m, 2H}, 7.38 (d, }=2.4

(@ 6~didx0§)iperidin— Hz, 1H}, 7.33 (d, =96 Hz, 1H}, 7.25 (d,

1 3 : 79536 | pgc oo | VB4 Hz 2H), 713 (dd, J=8.8, 220 Hz,
= 23 e 1H), 6.95 (d, F=8.4 Hz, 2H), 4.41 - 4.56

yi¥ethylicarbamoylip
henyDipiperazin-1-
yhmethyhipiperidin-1-
yhpyridazine-3-
carboxamide

{m, 3H), 4.28 (s, 1H), 3.86 (d, J=7.6 Hz,
1H), 3.22 (s, 11H), 2.94 - 3.09 (m, 3H),
2.69 (d, 3=12.4 Hz, 1H), 2.20(d, J=6.4

Hz, 2H), 2.10 {d, J=10.8 Hz, ZH), 1.77 -
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2.00 (m, 6H), 1.44 - 1 .66 (m, 4H), 1.13
(t, 3=6.8 Hz, 5H).

33

N-{{38)-2,6-
dioxopipendin-3-y1}-
54 {[1-(4-{[(11,30)-
3-{4-cyano-3,5-
dimethylphenoxy)-
2.2.4.4-
tetramethyleyclobutyl]
carbamoyl} phenyl)pip
eridin-4-

yljmethyl} piperazin-
I-ylipyrazine-2-
carboxamide

789.43
3

790.80

N-{{1r,3r}-3-(4-cyano-
3-methoxyphenoxy}-
2,2.4,4-
tetramethylcyclobutyl]
~4-{4-[{11 3r-3-(4~
{H(35)-2,6-
dioxopiperidin-3-
yijcarbamoyi}-3-
methoxyphenoxy)cyct
obutyl}-1-oxa-4,9-
diazaspiro|5. Sjundeca
n-9-yiibenzamide

862.42

863.80

N-{(38)-2,6-
dioxopiperidim-3-yi}-
2-methoxy~4-{{1r,31)-
3-[9-(4-{[(11,3r)-3-(4-
cyano-3,5-
dimethyiphenoxy)-
2,244~
tetramethylcyclobutyl]
carbamoyl} phenyl}-1-
oxa-4,9-
diazaspiro|S.5undeca
n-4-
ylicvclobutoxylbenza
mide

860.44
7

361.80

N-{(38)-2,6-
dioxopiperidin-3-y1}-
2-fluoro-4- {4-[2-(4-
{{{1r,31)-3-(3-chloro-
4-cyanophenoxy )~
2,2.4.4-

82035

821.20

(400 MHz, DMSO-d63s: 10.81 (br s,
1H), 8.29 (s, 1H), 5.02(t, J=7.2 Hz,
1H), 7.93 - 7.85 (m, 2H), 7.80 (d, T = 8.4
Hz, 2H), 7.61 (t, J = 9.2 Hz, 1H), 7.46 (d,
T=8.4Hz 2H), 7.20(d, T = 2.4 Hz, 1H),
7.00 (dd, = 2.4, 8.8 Hz, 1), 6.83 - 6.70

13
-3
(]
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tetramethyleyclobutyl]
carbamoyl} phenyl)eth
yoytj-{1,4"
bipiperidin}-1'-

(m, 2H), 4.75 - 4.66 {m, 1H}, 431 (s,
1H), 4.05 (4, I=9.2 Hz, 1H), 3.91 (br d,
J=12.4 Hz, 2H), 2.84 - 2.73 (o, SH),
2.64 (brs, 1H), 2.36 - 2.30 (m, 2H), 2.16

37

ylibenzamide -2.07 (m, 1H), 2.04 - 1.94 (m, 1H), 1 87
(brd, I=96Hz 2H), 1.79(brd, J = 11.2
Hez, ZH), 1.65 - 1.56 (m, 2H), 1.51 - 1.41
(my, 2H), 1.21 (5, 6H), 1.17 - 111 {(m,
8H).

N-{{(38)-2,6-

dioxopipendin-3-yi}-
5-(d-{[1-(4-{[(11,30)-
3-{4-cyano-3-
methoxyphenoxy)-
2.2.44-
tetramethyleyclobutyl]
carbamoy!} phenylpip
eridin-4-

ylimethyl} piperazin-
1-vipyrazine-2~
carboxamide

791.41

)

792.30

38

N-{{38}-2,6-
dioxopipendin-3-yl}-
5-(4-{[1-(4-{](15,30)-
3-{4-cyano-3,5~
dimethylphenoxy}-
22,4 4-
tetramethyleyclobutyl]
carbamoyl} phenylpip
eridin-4-

yijmethyl} piperazin-
1-yDpyrimidine-2-
carboxamide

789.43

790.40

N-{(35)-2,6~
dioxopiperidin-3-yi}-
S-{4-{11-{4-{]{1r, 31}
3-{4-cyano-3-
methoxyphenoxy)-
2.2.4.4-
tetramethylcyclobutyl]
carbamoyl]} phenylpip
eridin-4-

yijmethyl} piperazin-
1-yDpyrimiding-2-
carboxamide

791.41

792.40

274
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40

N-[(38)-2.6-
dioxopiperidin-3-y1}-
S-(4-{[1-(4-{[(1r.30)-
3-{4-cyano-3-
methoxyphenoxy)-
,2,4.4-
tetramethylcyclobuiyl]
carbamoy!} phenylpip
eridin-4-
ylimethyl}piperazin-
I-yhpyridine-2-
carboxamide

790.41

-

41

N-[{38)-2.6~
dioxopiperidin-3-y1}-
5-{4-{[1-(4-{(1r,30)-
3-{4-cyano-3,5-
dimethylphenoxy)-
2.2.4.4-
tetramethyleyclobutyl]
carbamoyl} phenylpip
eridin-4-

ylimethyl piperazin-
{-vhpyridine-2-
carboxamide

789.80

N-[(38)-2,6-
dioxopiperidin-3-v1}-
6= {[1-(@-{[(11,30)-
3-(4-cyano-3-
methoxyphenoxy)-
2,2.4.4-
tetramethylcyclobuiyi]
carbamovl} phenybipip
eridin-4-
vi]methyl}piperazin-
-vipyridine-3-
carboxamude

790.41

791.80

(400 MHz, DMSO-d6}5: 10.85 (s, 1H),
§.62(d, T=24Hz 1H), 854(d, =54
Hz, 1H), 7.97 (3d, = 2.4, 9.2 Hz, 1H),
774(d, I=8.4 Hz, 7H), 7.65(d, I = 8.4
Hz, 1H), 7.50 (d,J = 9.2 Hz, 1H), 7.01 -
6.92 (m, 1H), 6.96 (br d, ] = §.8 Hz, 2H),
688 (d, =92 Hz, 1H), 6.64(d, =20
Hz, 1H), 6.54 (dd, J =2.0, 8.7 Hz, 1H),
481 - 4.69 (m, 1H), 4.28 (s, 1H), 4.06 (d,
J=92Hz, 1H), 3.91 (s, 3H), 3.86 (br d,
J=12.0Hz, 28, 3.62 (br s, 4H), 2.79 (br
t, J=12.0Hz 3H), 2.56 (brd, I =3.6
Hz, 1H), 2.45 (br s, 4F), 2.25 - 2.05 (m,
3T, 2.02 - 1.93 (m, 1H), 1.82 (br d, T =
§12.0 Hz, 3H), 1.23 (s, 8H), 1.15 (s, 6H).

43

4-[(2R)-2- {{{propan-
2-yD(1130)-3-(4-
(138)-26-
dioxopiperidin-3-
ylicarbamoyit-3-
fluorophenoxy jcyclob
utyllaminoimethyllm

[N
L
e
P
[\

853.80
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orpholin-4-y1}-N-
[(1e,31)-3~(4-cyano-3-
methoxyphenoxy)-
2,2,4.4-
tetramethyleyclobutyl]
benzamide

4-1(28)-2- {{{propan-2~
yhf{1r,3r)-3-(4-
{I(38)-2,6-
dioxopiperidin-3-
yljcarbamoyl}-3-
fluorophenoxyjcyclob

. 8§52.42 o
44 utyllaminolmethyljm | | 853.3¢
orpholin-4-yi}-N- -
{(1r.3r-3~(4d-cvano-3-
methoxyphenoxy)-
22,44~
tetramethyleyclobutyl]
benzamude
4[ER)-2- ({2
§n§2‘??{§2§‘§§“]"3”" {400 MHz, DMSO,ppm) 5 10.85 (s, 1H),
dmxogﬁpgﬁ s 830 (m, 1H), 778 (d, J=8.4 Hz, 2H),
ylJearbamoyt-3- 7.67 (¢, 8.6 Hz, 1H), 7.51 (d, J=9.2 Hz,
Huorophenaxyeyelob 1H), 6.98 (d, J=8.5 Hz 2H), 6.73 (m,
u.tvi}amins}me%h}i‘m R66.43 : 4“’ 4.80 (m’,?‘ﬁ)’ 4?‘2 (s, H_j)’ 407 (m,
43 orpholin-d-y1].N. ! o 186742 | 2H),395(d J=112Hz, 1H), 3.76 (m,
(ir 30 3-(d-cyano | 4H), 3.41 (m, 2H), 3.25 (m, 4H), 2.77
B ;’_“’ o ? {m, 1H} 2.68( m, 4H}, 2.57 (m, 1H),
;ignethyiphens}xv)— 2,' 43 (m, 9H), 24} (m, 3H), 2,‘ 2,0 (m,
O . 1H), 217 (m, 6H), 1.21 (m, 1H), 11265,
tetramethyleyclobutyl] 6H)
benzamide
N-[(38)-2,6- (400 MHz, DMSO-d6)3; 10.84 (s, 1H),
digxopiperidin-3-yi}- 861 {d, I=24Hz 1H), 854(d,I=84
6-{4~4[1-{4~{[{11,3r}- Hz, 1H), 8.17 (s, 1H), 7.90{(dd, J == 2.4,
3-{4-cyano-3,5- 9.2 Hz 1H), 7.73 {d, J = 8.8 Hz, 2H),
dimethylphenoxy}- 747(d, }=92Hz 1H), 696(d, ] =88
46 2.2.4.4- 8843 | oo 4y | Hz 2H), 6.87 (4 T =88 Hz, [H), 673 (s,
tetramethyleyclobutyl] | 7 ’ 2H), 485 -4.68 {m, 1H), 422 (5, 1H),

carbamoyl]} phenylpip
eridin-4-

yijmethyl} piperazin-
1-ylipyridine-3-
carboxamide

4.03(d, ] =92Hz 1H),3.86(brd, J=
12.4 Hz, 2H), 3.61 (brs, 4H), 2.79 {br t, J
=12.4 Hz, 3H), 2.60 - 2.52 {m, 1H), 2.43
(s, 10H), 2.20 (br &, J = 6.4 Hz, 2H), 2.15
-2.04 (m, 1H), 1.96 (brd, J = 5.6 Hz,
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1H), 1.8 (brd, J=11.2Hz, 3H), 1.21 (s,
8T, 1.12 (s, 6H).

47

4-J(2R)-2- {{{propan-~
2-yD{{11,31)-3-(4-
(38)-26-
dioxopiperidin-3-
yijcarbamoy!}-3-
fluorophenoxy jcyclob
utyllaminojmethyl}m
orpholin-4-yi}-N-
{(1r,3r-3~(4-cvano-
dimethylphenoxy)-
2.2.4.4-
tetramethyleyclobutyl]
benzamide

85044
3

§51.43

43

N-{(38)-2,6-
dioxopipendin-3-y1}-
2-fluoro-4-(4-{[(2R)-
A-(4{[{(15,30)-3-(4-
cyana-3,3-
dimethylphenoxy}-
224 4-
tetramethylcyclobutyl]
carbamoyl] phenyljmo
rpholin-2-

yijmethyl} piperazin-
1-yi}benzamide

80741
2

49

N-[{3R}-2,6-
dioxopiperidin-3-yi}-
2-fluoro-4-(4-{{{(2R)}-
4-(4-{[{ir,3r}-3-(4-
cyano~3,5-
dimethyiphenoxy)-
2,244
tetramethylcyclobutyl]
carbamoyl] phenylmo
rpholin-2-

yijmethyl} piperazin-
1-ylibenzamide

807.41
2

808.40

50

4-[(28)-2-{[(2-
methoxyethyD{{1c,3r)-
3-(4-{[(3R)-2,6~
dioxopiperidin-3-
ylcarbamoyl}~3-
fluorophenoxyjeyclob

868.41
7

369.40

[
-3
2
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utyljarmmnoimethyl}m
orpholin-4-yij-N-
{(1,31)-3~(4-cyano-3-
methoxyphenoxy)-
2,244~
tetramethylcyclobutyl]
benzamide

a1S)2-{{
methoxyethyD{{1r,310)-
3-(4-{[(3R)-2,6-
dioxopiperidin-3-
yljcarbamoyl}-3-
fluorophenoxyjcyclob
utylJaminoimethyl}m
orpholin-4-ylj-N-
{(1r,31)-3~(4-cyano-
3,5-
dimethyiphenoxy)-
2.2,4.4-
tetramethyleyclobutyl]
benzamide

(]
Pt

866.43
R

(400 MHz, DMSO, ppmyy 8 10.85 (5, 1H),
830 (m, 1H), 7.78(d, J=8.4 Hz, 2H),
7.67 (1, I=8.6 Hz, 1H), 7.51 (d, ]9 2 Hz,
1H}), 698 (d, J=8.5 Hz, ZH), 6.73 (m,
41, 4 .80 (m, 2H), 4.22 (s, 1H), 4.07 (m,
2HY, 395 (d, =11 .2 Hz, 1H}, 3.76 (m,
4H), 3.41 (m, 2H), 3.25 (m, 4H), 2.77
(m, 1H}, 2.68( m, 4H), 2.57 (m, 1H},
2.43 (m, 9H), 2.41 {(m, 3H), 2.20 {m,
1H), 2.17 {m, 6H), 1L.21 (m, 1H), 11245,
6H).

N-{{38}-2,6-
dioxopipendin-3-yl}-
2-fluore-4-{4-{{{(28)-
A-(4-{[(15,30)-3-(4-
cyang-3,5-
dimethylphenoxy}-
22,4 4-
tetramethyleyclobutyl]
carbamoyl} phenyljmo
rpholin-2-

ylmethyl} piperazin-
I-ylibenzamide

¥4
A\

0741
2

N-{2,6-dioxopiperidin-
3-y13-2-methoxy-4-
[(1r,37)-3-[9-(4-
{{(1r,31)-3-(4-cyano-~
35
dimethylphenoxy}-
2,24 4-
tetramethyleyclobutyl]
carbamoyl} phenyl)-1-
oxa-4,9-

diazaspiro[5. Sjundeca
n-4-

¥4
(98]

860.44
7

361 .44

THNMR (400 Mz, DMS0-d6) 6 10.88
(s, 14}, 8.48 (m, 1H), 7.96 (s, 1H), 786
(m, 3H}, , 7.4% (m, 1H), 6.98 (m, 2H]},
6.74 (s, 2H}, 6.57 {m, 2H}, 4.84 {m, 1H),
473 {m, 1H), 423 (s, 1H), 4.04 (m, 1H]},
3.91 (s, 3H}, 3.69 (s, ZH}, 3.51 {m, 2H),
3.15 (m, 2H), 2.96 (s, 3H), 2.77-2.72 {mm,
4H), 2.44 (s, OH), 2.33 {m, 2H), 2.18 {(m,
6H), 1.92 (m, 2H}, 1.63 (m, 2H), 1.23
{m, OH}, 1.13 (s, TH)

278
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ylleyclobutoxylbenza
mide

N-{{1r,31}-3-{4-cyano-
3-methoxyphenoxy)-
2.2.44-
tetramethylcyclobutyl]

. 4-{4J(1r30)-3-{4- | BOT38 |
4 {(Z,fsndi(exopiperfdmn 4 808.38
3-yhicarbamoyl]-3-
methoxyphenoxy}cycl
obutoxy |piperidin-1-
vl benzamide
N-{2,6-dioxopiperidin-
3-y13-2-methoxy-4-
[(11,30)-3-{[1-(4-
{117, 30)-3-(4-cyano-
e dimethylphenoxy)}- 80540 § _ .,
55 2244 < 806 40
tetramethylcyclobutyl]
carbamoyl] phenylpip
eridin-4-
yijoxy}cyclobutoxylb
enzamide
];“fi‘f;i‘i;fgfci‘i‘f (400 MHz, DMSO-d6) 5 10.86 (s, 1H),
N 992 (s, 1H), 8.67-8.65 {m, 1H), 7.83-
E[(Zg?f’fg’(‘g'":{éir’m' 781 (m, 2H), 7.56-7.49 (m, 3H), 7.04-
élfm‘g}i;;;;(;om 7.02 (m, 3H), 6.74 (m, 2H), 4.80-4.77
s e 81943 | oo ss | (0, 1H), 424 (s, 1H), 414 (m, 1H), 4.07-
N 12 . 4.05 (m, 2H), 3.89-3.82 (s, 3H), 3.79-
tetrarnethylcyclobutyi] 363 {m. 4H), 3.42:3 21 (mn, SH), 3.18-
carbamoyl}phenylmo 3.05 (m, 3H), 2.85-2.77 (m, 2H), 2.44
:ﬁ};ﬁfp siperazin {m, 6H), 2.21-1.89 (m, 4F1), 1.21 (m,
1-ylybenzamide 6H), 1.18 (m, 6H).
N-(2,6-dioxopiperidin- {400 MHz, DMSO-d6) & 10.86 (s, 1H),
3-v1)-3-methoxy-4-(4~ 9.84 (s, 1H}, 8.67-8.64 {m, 1H), 7.84-
{[(28)-4-(4- {[{11,37)- 7.81 (m, 2H), 7.67-7.65 (m, 1H), 7.58-
3-(4-cyano-3- 7.52 (m, 3H), 7.04-7.01 {m, 3H), 6.65 (s,
methoxyphenoxy - 391 41 1H), 6.56-6.54 {m, 1H), 4.74 (m, 1H),
57 2,2.4.4- S 82247 | 429 (5, TH), 4.16-3.91 (m, 4H), 3.88 (m,

tetramethylcyclobutyl]
carbamoy!} phenylmo
rpholin-2-

ylmethyl} piperazin-
1-yhbenzamide

SH), 3.85-3.73 (m, 4F), 3.70-3.64 {m,
4H), 3.42-3.22 (m, 3H), 3.18-2.92 (m,
2H), 2.91- 2,72 (mn, 2H), 2.23-2.08 (m,
2H), 2.00-1.92 (m, 1H), | 24-1.15 (m,
12H).

3]
-3
2
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N-(2,6-dioxopiperidin-
3-y)-2-methoxy-4-(4-
{(28)-4-(4- {{(1r,31)-

(400 M¥Fz, DMSO-d6) § 10.88 (s, 1H),
10.15 (s, 1H), 8.48 (s, 1H), 7.83 (mn, 3H),

3-{4-cyano-3- 7.66-7.57 (m, 2H), 7.03-7.01 {m, 2H),
methoxyphenoxy)- 871 4] 6.65-6.54 (m, 4H), 4.72 (s, 1H), 4.29 (s,

58 ,2,4.4- 'EH ' 822.54 1H}, 4.15- 4.06 {m, SH), 3.95-3.92 (m,
tetramethylcyclobuiyl] 4, 3.80-3.53 (m, 6H}, 3.42 {m, 3H},
carbamoyl} phenylimo 3.25 {m, 4H), 2.84-2.77 (m, ZH}, 2.68
rpholin-2- (my, 1H), 2.13 -2.08 (m, 2H), 1.24- 116
ylimethyl}piperazin- {m, 12H}.

I-vhbenzamide

N-{2,6-dioxopiperidin-

3-y[}-2-methoxy-4-(4-

{12S)-4-(4-{{{1r,3r)- (300 MHz, Chloroform-d} & 8.65 (s, 1H),
3-{4-cyano-3,5- 8.09-8.01 (m, ZH), 7.73 (m, 2H), 6.94
dimethylphenoxy}- 19 43 (m, 2H), 6.58-6.14 {m, 4H), 4.79-4.75

59 2,2,4.4- 5 T B20.55 (m, 1H), 4.14-3 88 {m, 7TH), 3.81-3 44
tetramethyleyclobutyl] {m, SH), 2.94-2.66 {m, 10H), 2.46 {m,
carbamoy!} phenyhmo 4H3, 2.37-1.83 (m, 3H), 1.25-1.12 (m,
rpholin-2- [6H}.
yllmethyl} piperazin-
1-vibenzanude

(400 MHz, Methanol-d4) § 7.77 - 7.69
N-{2,6-dioxopiperidin- (m, 2H}, 7.52(d, I = 8.6 Hz, 1H}, 752 —
3-y1)-3-methoxy-4-{4- 7.45 (m, 2H), 7.04 — 6.95 (m, 3H), 6.63
{11-(4-{](1r,3r)-3-(4- (d. J=2.2Hz, 1H), 6.56 (dd, T=8.6, 2.2
cyano-3- Hz 1H}, 4.86(d, J=68Hz 1H), 426 (s,
methoxyphenoxy)- 91943 1H), 413 (5, 1H), 393 (d, I =44 Hz,

60 2.2.4.4- 577182055 | 7H), 3.89 (s, 1H), 3.67 - 3.35 (m, 1H),
tetramethyleyclobutyl] | 317 (s, 4H), 290 - 2.81 (m, 2H), 2.84 -
carbamoy!} phenvl)pip 277 {m, 1H), 2.77 - 2.63 (m, 1H), 2.66 —
eridin-4- 261 {m, 4H), 2.32(d,  =6.9 Hz, 2H),
yllmethyl} piperazin- 226-2.13 (m, 2H), 1.96 - 1.80 (m, 2H),
I-ylibenzamide 1.43 -1.29(m, 3H), 1.29 (s, 6H), 1.24 (s,

6H).
i o, ALY
‘f;(‘(‘é Eg"}f’j"_‘?};“ {400MHz, DMS0-d638 = 10.89 (s, 1H),
M .}Eq‘”’z’% o 8.55 (dd, J= 8.0, 3.2 Hz, 1H), 7.79 (d, I
éi—i;:);éﬂ; din3- =8.8 Hz, 2H), 7.54 (d, I = 9.2 Hz, 1H),
ylJearbamoyt -4 7.28 -7.20 (m, 1H), 7.08 - 6.95 (m, 4H),
o Huorophenosyieyclob | S04 | g51.30 | 6787671 (m, 2H), 480- 468 (m, 2H)
o 3 ’ 423 (s, 1H), 407-4.02 {m, 1H), 400 -

otyljaminoimethyl}m
orpholin-4-yi}-N-
{(1r,3r-3-(4-cvano-
3,5-

dimethylphenoxy)-

3.93 (m, 1H), 3.83 - 3.77 (m, 1H), 3.74 -
3.48 {m, SH), 3.05 - 2.94 (m, 1H), 2.84 -
2.73 {m, ZH), 2.58 - 2.53 (m, 2H), 2.48 -
2.35 {m, 9H), 2.21 - 2.05 (m, 3H), 2.04 -
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2,244~
tetramethyleyclobutyl]
benzamide

1.95 (m, 1H), 1.22 (s, 6H), 1.12 (s, 6H),
1.02 - 0.90 (m, 6H).

4-(2- {{{propan-2-
vBi(1r,31)-3-(3-
{{(38)-2,6-
dioxopiperidin-3-
vijcarbamoyl}-4-
fluorophenoxy)cyclob

R52.42

(400MHz, DMSO-d6)5 = 10.89 (s, 1H),
8.55 (dd, 1= 8.0, 3.2 Hz, 1H), 8.16 (s,
1H), 7.79(d, J = 8.8 Hz, 2H), 7.66 {(d, ] =
8.4 Hz, 1H), 7.56 (d, J = 9.6 Hz, 1H),
728 -7.21 (m, 1H), 7.08 - 6.94 (m, 4H),
6.64(d, 1=2.4Hz, 1H), 654 (dd. J =
§.8, 2.4 He, 1H), 4.80 - 4.68 (m, 2H),

62 UFS’EQ‘?l‘“;}f;eﬁ}’i}m 2 83330 427 (s, 1H), 4.10-4.04 (m, 1H), 4.01 -
‘;‘;ﬁ fﬁ;‘g {imnm 3.94 (m, 1H), 3.91 (s, 3H), 3.85 - 3.77
methoxyphonoxy). (m, 1¥), 3.73 - 3.50 (m, SH), 3.03 - 2.96
574 4_“ 7 (m, 1H) 2.86 =273 {m, 2}:1), 2.57-253
t(;tr;z,a;leﬂwicyclebu‘tvi} (o, 2H), 2.46 - 2‘35 (o, EH}’ 221 -2.05
A > (m, 3H), 2.04 - 1.97 (m, 1H), 1.23 (5,
Hene 6H), 1.15 (5. 6H), 1.04 - 0.90 (m, 6H).
N-[{1r,31)-3-(4-cyano- (400 MHz, DMSO-d6) § 10.85 (s, 1H),
35 8.40-8.21 (m, 1H), 7.86-7.70 (m,
dimethylphenoxy)- 2H),7.69-7.65 {m, 1H}, 7.55-7 38 (m,
2.2.4.4- 1H), 6.90-6.78 (m, 2H), 6.77-6.68 {m,
tetramethylcyclobutyvl] 2H), 6.55-6.42 {m, 2H), 4.91-4.78 {m,
-4-{8-[(1r,31)-3-(4- 920,39 1H), 4.77-4.70 {m,1H), 4.27-4.19 (m,

63 {1(38)-2,6- 6“ T 1 821.80 1H), 4.07-4.00 {m, 1H), 3.97-3.88 {m,
dioxopiperidin-3- 2H), 3.75-3.60 {m, 4H), 3.55-3.32 {im,
yljcarbamoyl}-3- SH), 3.30-3.28 (m, 2H), 3.17-2.92 {(m,
fluorophenoxy)cyclob 1H), 2.85-2.72 (m, 1H) 2.45-2.38 (m,
utyl}-5-oxa-Z,8- 6H), 2.22-2.05 (m, 3H), 2.04-1.94 (m,
diazaspiro[3 Snonan- 1H), 1.26-1.17 (m, 6H}, 1.16-1.05 {m,
2-vi}benzanude 6H).

(Tr,1Br)-N-(2,6-

dioxopiperidin-3-y1)-

-4 1-(4-4}{(11,373-3-

{(4-cyano-3,5-

dimethyiphenoxy)-

2.2.4 4- .
64 tetramethylcyclobutyi] 902.49 903.48

‘ X 4

carbamoyl]} phenylpip

eridin-4-viimethyi}-

2,9, 14-trioxa-17-

azatricyclo[16.1.1.0° 8]

icosa-3(8),4,6-triene-

6-carboxamide

4-[(2S)-2-{[{propan-2- | oo o (300 Mz, DMSO-d6) 6 10.80 (s, 1F),
65 yDE(1r,30)-3-(4- ; ’ 8§51 .44 B30 {s, 1H}, 7.90-7.80 (o, 2H)},7.65 (s,

{[(38)-2,6-

1H), 7.50 (s, 1H), 7.10-6.91 (m, 2H),

281




WO 2021/127443

PCT/US2020/066021

dioxopiperidin-3-
yljcarbamoyli}-3-
fluorophenoxyeyclob
utyljaminojmethyl}m
orpholin-4-y1}-N-
{{1r,3r)-3~{4-cyano-
35-
dimethylphenoxy}-
2.2.4.4-
tetramethyleyclobutyl]
benzamide

6.82-6.72 (m, 3H), 4.92-4.73 (m, 2H),
417 (s, TH), 4.0-3.91 (m, 2H), 3.92-3.53
(m, 5H),2.58 (s, 1H), 2.50-2.48 (m, TH),
2.43-2.41 (m, 6H), 2.21-2.03(rn, 3,
1.30-1.20 (m, 8H), 1.15-1.03 (m, 7H),
1.00-0.95 (m, 3H), 0.95-0.90 {m, 3H)

N-{2,6-dioxopiperidin-
3-y1)-3-methoxy-4-
{(1r,3r)-3-[(propan-2-
YD1 {[(17,3r)-3-
{4-cvano-3,5-
dimethylphenoxy}-

R60.438

(400 MHz, Methanol-d4) 5 7.55(d, J =
§.9 Hz, 2H), 7.35 - 7.26 (m, ZH), 6.81 (d,
J=89Hz 2H), 6.60(d, I=84 Hz, 1H),
6.53 (s, 2H), 459 (s, 1H), 4.05 (s, 1H),
3.93 (s, 1H), 3.74 (s, 3H), 3.72 (s, 1H),
3.60 (s, 1H), 2.84 (s, 1H), 2.63 (£, T =

66 2,2,4.4- 4 86101 1H), 2.29 (s, 6H), 2.17 (s, 2H), 2.12 (5,
tetramethyleyclobutyl] IHY, 2.07-1.96 (o, ZH), 176 (d, I =
carbamoy!} phenylpip 12,6 Hz, 2H), 1.44 (s, 2H), 1.11 (5, 1H),
eridin-4- 1.09 (s, 6H), 1.08 (s, 3H), 1.03 (s, 6H),
ylimethyl} jammnojeyel (484 (d, J=65Hz, 6H}, 0.71 {s, 1H), -
obutoxy Jbenzamide (.06 —-0.12 {m, 2H), -0.18 (s, 37H), -

0.18(d, I=6.7Hz, ZH).
4-[(28)-2-{[(2-
methoxyethyD{{1r,31)-
3-{4-4[(38)-2,6-
dioxopiperidin-3-
yijcarbamovl}-3-
fluorophenoxy)cyclob

. utyllaminolmethylim | 86643 | _ .

o7 orpholin-4-yi}-N- 3 867.43
[(1r.3r)-3~{4-cyano-
3.5~
dimethylphenoxy)-
2,2,4.4-
tetramethyleyclobutyl]
benzamude
N-{{1r,31}-3-{4-cyano- (300 MHz, DMSO-d6) § 10.83 (5, 1H),
3,5- 9.34 (s, 1H), 8.67-8.55 (m, 1H), 7.90-
dimethyiphenoxy)- 330.43 7.68 {m, 4H), 7.42-7.52 {m, 2H), 7.02-

68 2.2.4.4- SO 83143 | 6.82 (m, 4H), 6.82 (s, 1H), 4.90-4.69 (m,

tetramethyloyclobutyl]
-4-{4-[(15,30)-3- {4-
[(2 6-dioxopiperidin-

2H), 4.21 (s, 1H), 4.07-4.01 {m, 1H),
3.68 (s, 2H), 3.58-3.43 (m, 2H), 3.30-
3.17 (m, 2H), 2.91-2.62 (m, 3H), 2.49-
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ylcarbamoyiiphenoxy
teyelobutyl]-1-oxa-
4,9~

diazaspiro[3 Sjundeca
n-9-vithenzamide

;

236 (m, 8H), 2.22-2.03 (m, 4H), 3.96 (5,
3T, 3.81-3.77 (m, 2F), 2.94-2.81 (m,
1H) 2.78-2.71 (m, 2H), 2.65-2.60 (m,
1H), 2.55-2.51 (m, 6H), 2.00-1.82 (m,
2H), 2.70-2.62 (m, 2H), 1.35-1.00 (m,
12H).

N-[(38)-2,6-

dioxopiperidin-3-yi}-
2-fluoro-5-(4-4]1-(4-
{{(1r.31r)-3~(4-cyano-
3-methoxyphenoxy)-

(400 MHz, DMSO-d6)d: 10.87 (s, 1 H),
8.48 {dd, 1=8.2, 3.6 Hz, 1 H), 7.75 (d,
J=8.8 Hz, 2 H), 7.66 (d, ]=8.4 Hz, 1 H),
7.49(d, 1=8.8 Hz, 1 H), 7.18 - 7.11 (m, 3
H), 6.96 (br d, J=8.8 Hz, 2 H), 6.64 (s, 1
H), 6.55 (dd, J=8.8, 2.0 Hz, 1 H), 4.79 -

69 2,2,4.4- i’G"“ 80830 | 471 (m, 1 H), 428 (s, 1 H), 4.07-4.04
tetramethyleyclobutyl] | (m, TH), 3.92(s,3H), 387 (brd, J=124
carbamoy!} phenvl)pip Hz 2H), 313 {(brd, J=44 Hz, 5 H), 2.83
eridin-4- =275 {(m, 6 H), 2.22{brd, J=6.0Hz, 2
yllmethyl piperazin- H), 2.14-199(m, 3H), 1.81 {(brd,
{-yibenzamide =120Hz, 3H), 123(s5,8H), 11645, 6

Hy.
rac-N=(2,6~ 776.46 | 777.50 (400 MHz, DMS(O-d6)s: 10.67 - 10.92
dioxopipendin-3-yI)- |3 (m, 1 H), 801 (d, J=84Hz 1 H},7.73
3-(4-{[1-(4-{] (15,30 (d, J=8.8 Hz, 2 H), 747 (d, }=9.2 Hz, 1
3-{4-cyano-3,5- FD), 6.95 (d, J=9.0 Hz, 2 H), 6.66 - 6.78
dimethylphenoxy)- (m, 2H), 448 -459(m, 1 H),423 (5, 1

70 2,2,4 4- H), 4.04 (4, J=9.0 Hz, 1 H}), 3.84 (br d,

i tetramethyleyclobutyl] J=122Hz, 2H), 270 - 2.84 (m, 5 H),
carbamoyl} phenvl)pip 239-248(m,7H), 1.80-2.04 (m, 10
eridin-4- H), 1.61 -1.76(m, 4 H), 1.50 - 1.60 {m,
yllmethyl} piperidin-1- FH) 126-139(m, 1 H), 1.22 (s, 6 H),
yhibicyclo[1.1.1]penta P10-1.18(m, 10H), 1.00- 110 {m, 2
ne-1-carboxamide H).

N-{(38}-2,6~ 74837 | 749.25 (406 MHz, DMS(-d6) 8 10.87 (5, 1H),
dioxopiperidin-3-yi}- |5 8.49 (m, 1H), 7.72(d, ZH}, 7.65 {t, 1H),
2-fluoro-4-(1-{[1-(4- 7.42 (d, 1H), 7.35 - 7.24 (m, 2H}, 6.73
{1, 30)-3-(4-cyano- (s, 2H}, 6.45 — 638 (m, ZH}, 4.76 {im,
3,5- 1H), 4.22 (s, TH), 4.03 -3.96 (¢, 3H), 3.66

7 dimethylphenoxy)- (m, 3H}, 3.56 {m, ZH), 3.15 (1, 2H}, 2.78
2.2.4.4- (d, 4H), 2.55 (d, 5H), 2.04 — 1.99 (m,
tetramethylcyclobutyl] 2H), 1.22(d, TH), 1.11 {s, 6H).
carbamoyl} phenyllaze
tidin-3-
yljmethyl}azetidin-3-
yiibenzamide
(Tr,19r)-N-(2,6- 916,51 | 917.50 | (400 MHz, DMSO-d6) & - 10.85 (s, 1 F),

72 dioxopiperidin-3-yl}- | 0 838 {d, J=80Hz, 1H), 8.14 (5, 1H},

18-{[1-{4-{[{1r.3r)-3-

773 (4, J=838Hz 2H), 7.55-743 (m,

]
o]
(]
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{4-cyano-3,3-
dimethyiphenoxy)-
2,2,4.4-
tetramethyleyclobutyl]
carbamoy!} phenylpip
eridim-4-ylimethyli}-
2,9,15-trioxa-18-
azatricyclof17.1.1.0°.%
henicosa-3(8),4,6-
triene~S-carboxamide

2H), 7.40 (d, J= 2.0 Hz, 1H), 7.10(d, I =
§.8 Hz, 11}, 6.95 (d, T = 9.2 Hz, 2H),
6.74 (s, 2H), 4.89 (s, 1H), 4.79 - 4.68 (m,
1H), 4.23 (s, 1H), 4.15(d, J=1.2 Hz,
2H), 4.07 - 4.01 (m, 1H), 4.01 - 3.91 (m,
1HD, 3.85 (d, = 12.4 Hz, 2H), 3.44 (4, ]
= 1.2 He, 2H), 2.86 - 2.71 (m, 3H), 2.71 -
2.63 (m, 2H), 2.60 - 2.54 (m, 1}, 2.44
(s, TH), 2.33 (td, T = 1.6, 3.6 Hz, 1H),
2.31-2.21 {m, 2H), 2.16 - 1.91 {m, 6H),
1.85 - 1.74 (m, 2H), 1.72 - 1.56 {m, 5H),
1.51 - 1.38 (m, 2H), 1.22 (s, 6H), 1.12 (5,
8H)

N-{{(11,3r)-3-(4-cyano- | 79338 | 794.38 (400 MHz, DMSO-d6) 8 11.05 (s, 1H),
3.5~ 5 §.39-8.12 (m, 1H), 7.90-7.60 (m,
dimethylphenoxy)- 2H3,7.58-7.33 {m, 1H), 7.10-0.88 (m,
2,2,4.4- 2H), 6.87-6.61 {(m, 3H), 5.12-4.80 (o,
tetramethyleyclobutyl] 1H), 4.79-4.60 (m, 1H), 4.50-4.30 (m,
73 ~d-44-[{ir,3r)-3~(4~ 1H), 4.29-4.15 (m,1H), 4.10-3.95 (m,

' {[(38)-2,6- 1H), 3.75-3.60 (m, 2F), 3.58-3.50 (m,
dioxopiperidin-3- TH), 3.30-3.10 (m, 2H), 3.05-2.90 (o,
yljcarbamoyi}-3- 2H), 2.85-2.70 {(m, 1H), 2.45-2.25 (v,
fluorophenoxyeyciob §H), 2.20-1.80 (m, 4H) ,1.60-1 .40 {1y,
utoxy jpiperidin-1-~ 2H3, 1.30-1.03 (m, 12H), 6.90-0.71 (m,
ylibenzamide {H).

(1. 186)-N-(2,6- 902.49 | 903.48 | (400MHz, DMSO-d6) 6 = 10.84 (s, 1),
dioxopipendin-3-yl}- | 4 §60(d I=80Hz 1H),773(brd J=
F7-418-(4-4](1r,3r)-3- 8.8 Hz, ZH), 7.55 - 7.41 (m, 3H), 712 (d,
(4-cyano-3,5- J=84Hz IH), 695 (brd, J=88Hz
dimethyiphenoxy}- 26, 6.74 (s, 2H), 4.85 - 4.68 (m, 2H),
22,4 4- 423 (s, 1H), 415 - 4.01 (m, 4H), 3.85 (br
74 tetramethyleyclobutyl] d, J=120Hz 2H), 3.51 (brs, 2H), 3.42
carbamoyl} phenylpip =341 (m, 1H}, 2.77 (brs, 2H), 2.63 {br s,
eridin-4-ylimethyl}- 3H), 2.44 (s, 6H), 2.34 (br s, 1H), 2.27
2.9, 14-trioxa-17- (brd,J=64Hz 2H), 218 - 201 (m,
azatricyclo[16.1.1.0° %] SH), 198 - 1.92 (o, 1H), 1.91 - L.71 (yo,
tcosa-3(8}),4,6-triene- SHj, 1.71 - 1.53 (m, 3H), 1.22 (s, 6H),
S-carboxamide 112 (s, 8H)
N-[{3R})-2.6- RO7.41 | 808.40
dioxopipendm-3-yl}- |2
2-fluoro-4-{(4-{{{(28)-
75 4-(4-{{{(r,3r}-3-(4-

cyans-3,5-
dimethylphenoxy}-
22,44~
tetramethyleyclobutyl]
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carbamoy!} phenylymo

rpholin-2-

ylimethy B piperazin-

i~vhbenzamide

N-{2,6-dioxopiperidin- | 860,44 | 861 44 (406 MHz, DMS(0-d6) § 10.87 (5, 1H),

3-y1)-3-methoxy-3- 7 8.73-8.71 (m, 1H), 7.76-7.74 (m, 2H),

[(1r,3¢)-3-[9-(4- 7.50-7.4% (m, 1H), 7.03-6.91 (m, 4H),

{{(11,3r}-3-(4~cyano- 6.74 (s, 2H), 6.55 (s, 1H}, 4.81-4.74 {m,

3,5- 2H), 4.23 (s, 1H), 4.05-4.03 (m, 1H),

dimethylphenoxy}- 379 (s, 3H), 3.67 {m, 2H), 3.52-3.49 (i,
76 22,4 4- 2H), 3.18-3.12 (m, 2H), 2.90-2.74 (1,

tetramethyleyclobutyl] 2H), 2.44-2.40 {m, 6H), 2.38 {m, 3H)},

carbamoyl} phenyl)-1- 237 (m, 2H), 2.29-2.18 (i, 5H}, 1.98-

oxa-4,9- 1.87 (m, 3H), 1.64-1.52 (m, 2H), 1.22

diazaspiro[5 Slundeca (m, 6H), 1.12 {m, 6H}.

0-4~

ylleyclobutoxylbenza

mide

m?z’?} EXAMPLE 26 — BIOACTIVITY IDATA FOR THE COMPOUNDS OF THE DISCLOSURE

{0928] AR ELISA ASSAY PROTOCOL

{0928} Compounds were evaluated in this assay i LNCaP and/or VCaP cells utilizing simlar
protocols. The protocols used with VCaP cells are described below. The androgen receptor ELISA
assay was performed using PathScan AR Sandwich ELISA {Celi Signaling Catalog#12850)
according to the following assay steps:

{0930} VCaP cells were seeded at 40,000 cells/well at a volume of 100 pl/well in V(aP assay
medium [Phenol red free RPMI (Gibeo Cat#118353-030); 5% Charcoal Stripped {Dextran treated)
FBS {(Omega Scientific, Cat#FB-04); 1% penstrep (Life Technologies, Gibeo Cat#: 10378-016}]
m Corning 3904 plates. The cells were incubated for a minimum of 3 days. Cells were dosed with
PROTACGs diluted in 0.01% DMSO and the drug treatment was allowed for 5 hours.

[0931] AR ELISA (Cell Signahing) was performed as follows. 1x Cell Signaling Cell lysis buffer
was made {Catalogue #9803, comes with the kit). Media from the treated wells 1s aspuated, and
100 ul. Ix cell lysis buffer/well s added. The cells were placed on a shaker for 10 munutes at 4°C.
Twenty macroliters of fysate was transterred to 100pl of Diluent 1n ELISA plate (0. 15ug/mol - 0.075
ug/ml). The lysate-dituent roixture was shaken for 30 nunutes at 37°C. Allow mouse AR antibody,
antt-mouse antibody, TMB, and STOP solution to come to room temperature. The Ix ELISA

buffer included n kit was made and loaded in the reservorr.. Media from the plates was discarded,
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the BELISA plate tapped hard on paper towel, and washed 4x 200 ul ELISA wash buffer using a
plate washer.

{0932} One-hundred (100} pl/well of mouse AR detection AL was added; the plates were covered
and shaken at 37°C for 1 hour; media was discarded from the plates, the plates were tapped on a
paper towel, washed 4x with 200 ul. ELISA wash buffer with a plate washer.

{0933} One-hundred (100} pl/well of anti-mouse — HRP conjugated Ab (comes with the kit) was
added; the plates were covered and shaken at 37°C for 30 muinutes; the TMB reagent was allowed
to come to room temperature; the media was discard from the plate, the plates were tapped on
paper towel, washed 4x with 200 ul. of ELISA wash buffer; the plates were tapped the plates on
paper towel. One-hundred (100} ul. of TMB was added and the plates shaken for 2 minutes — while
watching for color development. One-hundred (100} uL Stop solution was added when light blue
color developed. Plates were shaken and read at 450 nM.

[0934] Progression of prostate cancer in patients treated with anti-androgen therapy usually
mvolves one of several mechanisms of enhanced Aundrogen Receptor {AR) signaling, mcluding
inereased ntratumoral androgen synthesis, increased AR expression and AR wmutations,
PROTACs {PROteolysis TArgeting Chlimera), which use bi-functional molecules that
simultaneously bind a target of choice and an E3 ligase, cause ubiguitination via induced proxunuty
and degradation of the targeted, pathological protein. As opposed to traditional target inhibition,
which 15 a competitive process, degradation 18 a progressive process. As such, 1t 15 fess susceptible
to mcreases 1n endogenous ligand, target expression, or mutations in the target. Thus, this
technology appears to be ideal for addressing the mechamsms of AR resistance 1n patienis with
prostate cancer. Data was analyzed and plotted using GraphPad Prism software,

[8935] AR Immunofluorescence Staining of Cells for the High Content Imager was performed as
follows: Following treatment of the cells with compound (using the central 60 wells of a 96-well
plate}), media was removed by aspiration, followed by addition of 50 gL per well of 4%
paraformaldehyde (PFA} in PBS supplemented with 2 mM Mg{12 and ZmM CaCl2. Fixed celis
were incubated at RT for 15 minutes. For particularly low adherence cell lines {e. g, V{aP}, a 2X
solution of 8% PFA was added directly to wells instead. Cells were washed once with 200uL
PBS/well. To permeabilize cells 50 ul/well of 0.1% Triton X-100 1n PBS was added and incubated
for S minutes. Cells were washed once with 200 plL PBSS/well. 100 pl/well of Licor Odyssey

Blocking Buffer was added for 1 hour at 20°C. Wells were aspirated and AR antibody (1:1000 in
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Licor Odyssey blocking buffer; 50 pl/well; CST 5153s) was added. Plates were incubated
overnight at 4°C. Plates were washed 3 times with 200 gL PBS/well. The appropriate secondary
antibody was added (50 pL/well; diluted in Licor Odyssey blocking buffer) and mcubated for 1
hour at RT in the dark as prepared below using Anti-rabbit FITC (1:5000; 488 nM} and Phalloidin-
Alexaftuor 648 {1:500; 648 nM}. Cells were washed once with 200 uL. PBS/well. S0ul DAPL or
Hoechst 33342 diluted 1:1000 in Licor Odyssey blocking bufter was added to the wells. Cells were
washed 3 times with 200 ylL PBS/well. The plates were covered with a clear plastic sealer and
refrigerated in the dark until ready to analyze. The cells were analyzed using a Molecular Devices

XM high content imager and analyzed using Molecular Devices metaXpress software suite.

10936} TABLE 4. BIOACTIVITY DATA FOR THE COMPOUNDS OF THE DNSCLOSURE

Compound High Content High Content | ELISAVCaP | ELISAVCaP
No. VCaP DCse (nM) | VCaP Dy (%) DCso (nM) Dronax (Y6}

i e A nd 3

2 nd - At A
3 nd - A A
4 nd - At e
3 od - TREE C
6 nd - R B
7 nd - bt A
a nd - AW C
& nd - + o
10 nd - -+ B
11 nd - s B
12 nd - At A
13 nd - bt B

()
4]
3
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Compound High Content High Content | ELISA VCaP | ELISA V(CaP

No. 7CaP DCso (M) 7CaP Dimax (%) DCso {uM) Duaxc {75}
14 At C nd -

15 nd - EEma C

16 nd - =+ C

17 bt B nd -

18 -+ B nd -

19 -+ A nd -

20 A+ A nd -

21 bt A nd -

22 -+ A - -

23 Aot A - -

24 e A - -

25 et B - -

26 -+ A - -

27 At A - -

28 fprt A - -

29 - C - -

30 - A - -

31 - B - -

32 C - -

33 S A ) )

34 A A ) )

35 et A ) )
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Compound High Content High Content | ELISA VCaP | ELISA V(CaP

No. 7CaP DCso (oM | VCaP Do (%0} DCso {uM) Duax {%6)
36 ottt A ) )

37 - A ) )

38 - A ) )

39 fte A ) )

40 -+ A ) )

41 bt A ) §

42 - A ) )

43 fte A ) )

44 - A ) )

45 A A A i

46 R A ) )

47 SR A ) )

48 - A ) )

49 A A ) i

50 e A ) }

51 - A ) .

52 -t A ) )

53 s A ) i

54 ottt A ) }

55 - A ) )

56 A A ) )

57 R A ) i

]
(9]
2
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Compound High Content High Content | ELISA VCaP | ELISA V(CaP

No. 7CaP DCs0 (oM} | VCaP D (%) DCso {uM) Duax {%6)
58 A A ) )

59 RS A ) )

60 - A ) )

61 4t B ) i

62 -+ B ) )

63 b B ) i

64 - B ) )

65 4t B i i

66 A B ) )

57 4+ A ) )

68 - B ) )

69 ++ A ) )

70 - C i i

71 A+ B i i

72 {44 C ) }

73 ++ C i ]

74 ot C ) )

75 +++ C ) )

76 {44 C ) }

+HF DCso <1 nM: +1+ 1 1M <= DCso < 10 nM:
++ 10 oM <= DCs0 < 100 oM + 1 DCs0 >=100
A Dax>= 70"“‘/0, B 50<= Dmax <70; C Dimax <80

nd = not detected; *

- = not tested
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CLAIMS

1. A bifunctional compound having the structure;

ABM-L-CLM,

or a pharmaceutically acceptable salt, solvate, enantiomer, stereoisomer, or isotopic

derivative thereof,

wherein:

(a} ABM is an androgen receptor (AR) binding moiety having the structure:

2
AR ;")':” \Qg %

wheren:

Q! Q% Q°, QY and Q° are each independently CR!, or N;

18 4-6 membered cyvcloalkyl, Ce-Cro aryvl, 4-6 membered
heterocycloalkyl, or 4-6 membered heteroaryl, wherein the heterocycloalkyl or
heteroaryl comprises 0-4 hetercatoms;

Q°, 7. QF, Q°, and Q'Y are each independently CR”, or N;

Fach R' is independently selected from the group consisting of H,
optionally substituted linear or branched Ci-Ce alkyvl, cyano, halogen, and
optionally substituted linear or branched Ci-Csalkoxy, wherein the alky! or alkoxy
group is optionally substituted with one or more halg;

Fach R? is independently selected from the group consisting of optionally
substituted linear or branched Ci-Cs alkyl, cyano, halogen, and opticnally
substituted linear or branched C1-Cs alkoxy, wherein the alkyl or alkoxy group is
optionally substituted with one or more hale;

Fach R’ 1s independently selected from the group consisting of optionally
substituted H, linear or branched Ci-Ce alkyl, cvano, halogen, and optionally
substituted hinear or branched C1-Cs alkoxy, wherein the alkyl or alkoxy group is
optionally substituted with one or more halo; and

nis0, 1,2, 3, or4;
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{b) L 15 a chemical linking moiety having the structure:

wherein:
the ABM 15 linked to W, and the CLM is linked to Z or
the ABM 1s linked to Z, and the CLM is linked to W,

W is absent or "émoﬁo'g—

. is 4-7 membered cycloalkyl, 4-7 membered heterocyele, or spiro-
bicychic heterocyeloalkyl, where each ring i the spiro-bicycle is 4-7 membered;
X 18 -CHo- or absent;

Y i -NR®-, -O-, or absent;

e is 4-7 membered cycloalkyl or 4-7 membered heterocycle;
7 is -C{R -, -NR'-, -O-, or absent;

R® is H, linear or branched Cis alkyl, linear or branched Cis alkoxy-Cis

o>
X

& (e} QS
Aty N
T4

~
} 7 . FN A
13 , wherein § mndicates abondto Y, and /  wmdicates

-
&
3

74

alkyl, or
N
a bond to \i" -
each R’ is independently selected from the group consisting of H, linear or
branched Ci¢ alkyl, and linear or branched Ci.6 atkoxy;
pisl, 2,3, or4; and
qis 1,2, 3,4, 015

{c} CLM is cereblon E3 ubiquitin ligase binding motety having the structure:

#hHm

RS

Wherein:
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®is Coe-Cro aryl, 4-7 membered hetercaryl, or bridged bicyclic
cycloaltkyl;

?_/ indicates that linking motety L is connected to ring § by one or two
covalent bonds;

Fach R*is independently selected from the group consisting of optionally
substituted linear or branched Ci-Cs alkyl, cyano, halogen, and optionally
substituted linear or branchad C1-{s alkoxy, wherein the alky! or alkoxy group is
optionally substituted with one or more halo;

R is H, optionally substituted linear or branched Ci-Cs alkyl, or optionally
substituted linear or branched Ci-Cs alkoxy, wherein the alky! or alkoxy group is
optionally substituted with one or more halo; and

misQ, 1,2 3 ord;

provided that when @ ts pyridyl, is tetramethyleyclobutyl, Q7 is CRY, and Q*

is CRY; that R! is not chloro; and
further provided that the compound is not N-(4-(3-chloro-4-cyanophenoxy jeyvclohexyi-6-
{4-{{4-(4-({2,6-dioxopipenidin-3-yHcarbamoyphenyDpiperazin- 1 -yDmethy Dpiperidin-1-

vipyridazine-3-carboxamide.

2. The bifunctional compound of claim 1, wherein the compound 15 a compound of Formula
Iy

(Rhm

(R%n
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or a pharmaceutically acceptable salt, solvate, enantiomer, sterecisomer, or iSOtOpiC
derivative thereof.

The bifunctional compound of claim 1 or 2, wherein L 18

wherein:

/' is 4-7 membered cycloalkyl or 4-7 membered heterocycle;
Y is -NR®-, -O-, or absent;

R®is H, linear or branched Cs alkyl, or linear or branched Cisalkoxy; and

18 4-7 membered cycloalkyl or 4-7 membered heterocycle.

The bifunctional compound of claim 1 or 2, wherein L s

Wherein:

1s piperidiny! or morpholinyl;

Y is -NR or -0-;
7 < /"\/C’\
R%is % or 3’ ;

is cyclobutyl; and

218 -0~

The hifunctional compound of claim 1 or 2, wherein L 15

¥o

Wherein:
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@ is piperidinyl or morpholinyl; and

" is piperazinyl,

0. The bifunctional compound of claim 5, wherein " is piperidinyl.

7. The bifunctional compound of claim 1 or 2, wherein the compound is a compound of

5

Formula (Ib}:

(R

o Y bl

(Ib)

or a pharmaceutically acceptable salt, solvate, enantiomer, sterecisomer, or isoiopic derivative

thereof.

8. The bifunctional compound of any one of claims 1-6, wherein the compound is a compound

of Formula (Ic):

(RZ\p ” ! (&
o st}' SNy / \ )
O [ NH
Q! o ¥ e\ / \
QZ/ \Y \Qm/ N 5O
o e0f
\fo o
{Ic)

or a pharmaceutically acceptable salt, solvate, enantiomer, stereoisomer, or 1sotopic dertvative

thereof.
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9. The bifunctional compound of any one of claims 1-8, wherein Q'-(° are each CRY

10. The bifunctional compound of any one of claims 1-8, wherein exactly 1 of Q'-0Q% s N.

11 The bifunctional compound of any one of claims 1-8, wherein exactly 2 of Q'-Q” are N.
12. The bifunctional compound of any one of claims 1-8, wherein exactly 3 of Q'-Q° are N.
13, The bifunctional compound of any one of claims 1-12, wherein Q°-0Q!? are each CRY.

14. The bifunctional compound of any one of claims 1-12, wherein exactly 1 of Q%Q¥ s N,
15, The bifunctional compound of any one of claims 1-12, wherein exactly 2 of Q%Q!% are N.
16. The bifunctional compound of any one of claims 1-12, wherein exactly 3 of Q%0 are N.
17. The bifunctional compound of any one of claims 1-16, wherein Q! is CH, Q? is C(CHz),

Q° 15 C(CN), Q% 15 C(CHs), and Q7 is CH.

18, The bifunctional compound of any one of claims 1-16, wherein Q' 1s CH, Q? s C(OCH:),

Q’ is C(ON), O is CH, and Q7 1s CHL

19. The bifunctional compound of any one of claims 1-16, wherein Q' is CH, Q% is C(CH), F°

is C(CN), ¢*is CH, and Q7 is CH.

20. The bifunctional compound of any one of clatros 1-19, wheremn * 15 4-6 membered

cycloalkyl
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/s cyclobutyl or

21 The bifunctional compound of any one of claums 1-20, wherein "

cyclohexyl

22. The bifunctional compound of any one of claims 1-21, wherein S is cvelobutyl

23. The bifunciional compound of claim 22, wherein n is 4.

24. The bifunctional compound of claim 22, wherein each R* is methyl.

25 The bifunctional compound of any one of claims 1-21, wherem Q is cvciohexyl

26. The bifunciional compound of claim 25, whereinn 1s 0.

27. The bifunctional corapound of any one of claims 1-26, wherein R” is linear or branched

C1-Co alkyl

28. The bifunctional compound of any one of claims 1-27, wherein is phenyl, pyridinyl,

pyridazinyi, pyrimidinyl, or pyrazinyl.
29, The bifunctional compound of any one of claims 1-28, wherein ®is phenyl.
30. The bifunctional compound of any one of claims 1-28, wherein ®is pyridinyl.

31 The bifunctional compound of any one of claims 1-28, wherem @ 1s pyridazinyl.
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32 The bifunctional compound of any one of claims 1-28, wherein ®is pyrimidiny],

33. The bifunctional compound of any one of claims 1-28, wheremn ®is pyrazinyl.

34. The bifunctional compound of any one of claims 1-33, wherein each R? is independently

selected from the group consisting of F, methoxy, ethoxy, methyl, and ethyl.

35, The bifunctional compound of any one of claims §-33, wherein each R* is independently

selected from the group consisting of F, methoxy, and methyl

36. The bifunctional compound of any one of claims 1-35, whereinmis 0, 1, or 2.
37. The hifunctional compound of any one of claims 1-36, wherein m s 0.

38 The bifunctional compound of any one of claims 1-36, wherein mis 1.

39, The bifunctional compound of any one of claims 1-36, wherein m s 2.

40, A bifunctional compound, wherein the compound is:
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A

A

or a pharmaceutically acceptable sali, enantiomer, steresisomer, or isotopic dervative of any of

the foregoing.

41, A bifunctional compound, wherein the compound 13:
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or a pharmaceutically acceptable salt, enantiomer, stereoisoruer, or isotopie derivative of any of

the foregoimg.
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42. A pharmaceutical composition comprising the bifunctional compound of any one of claims 1-

41 and one or more pharmaceutically acceptable excipients.

43, The pharmaceutical composttion of claim 42, wherein the composition is formulated as a
tablet, and comprises one or more of the following: emulsifier; surfactant; binder; disintegrant;

glidant; and lubricant.

44, The pharmaceutical composiiion of claim 42 or 43, wherein the composition further comprises

an effective amount of at least one additional anti-cancer agent.

45, The pharmaceutical composttion of claim 44, wherein the additional anti-cancer agent 1s
estramustine, docetaxel, ketoconazole, goserelin, histrelin, triptorehn, buserelin, cyproterone,

flutarmide, bicalutanude, nilutamide, pamidronate, or zolendronate.

46. A method of treating prostate cancer in a subject comprising admunistering to a subject i need
thereof a therapeutically effective amount of a bifunctional compound of any one of claims 1-41
or a therapeutically effective amount of the pharmaceutical composition of any one of claims 42-

45,

47, The method of claim 46, wherein the therapeutically effective amount of the bifunctional

compound s admumstered orally to the subject.

48. The method of claim 46 or 47, wherein the therapeutically effective amount of the bifunctional
compound 1s admnistered to the subject once a day, twice a day, three times a day, or four times

a day.

49, The method of any one of claims 46-48, wherein the therapeutically effective amount of the

bhifunctional compound 1s administered to the subject once a day.

o]
[
2
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50. The method of any one of claims 46-49, wherein the therapeutically effective amount of the

bifunctional compound is administered to the subject all at once or 1s administered in two, three,

or four divided doses.
The method of any one of claims 46-50, wherein the therapeutically effective amount of the

51
bifunctional compound 1s about 1 mg to about 1000 mg.

The method of any one of claims 46-51, wherein the therapeutically effective amount of the

52,
bifunctional compound 1s about § mg to about 750 mg

The method of any one of claims 46-32, wherein the therapeutically effective amount of the

53
bifunctional compound 1s about 10 mg to about 500 mg.

54, The method of any one of claims 46-53, wherein the therapeutically effective amount of the

bifunctional corpound is about 20 mg to about 250 myg.

The method of any one of claims 46-54, wherein the subject 1s in a fed state at the time of

5.

(¥

administration.
56. The method of any one of claims 46-55, wherein the subject 1s in a fasted state at the time of

adminisiration.
57. The method of any one of claims 46-56, further comprising administering an effective amount
of at least one additional anti-cancer agent to the subject in need thereof.

58. The method of claim 57, wherein the anti-cancer agent is abiraterone, estramustine, docetaxel,

ketoconazole, goserelin, histrelin, triptorelin, buserelin, cyproterone, flutanude, bicalutamide,

nilutamide, pamidronate, or zolendronate.
The method of any one of claims 46-58, where the subject with prostate cancer comprises

59,
at least one somatic AR tumor mutation.
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60. The method of any one of claims 46-59, wherein the prostate cancer is castrate-resistant

prostate cancer.

61. The method of any one of claims 46-60, wherein the prostate cancer is metastatic prostate

cancer.

62, A method of treating prostate cancer in a subpopulation of prostate cancer subjects,
comprising:
selecting a prostate cancer subject for treatment based on the subject’s somatic AR tumor
biomarker status; and
administering a therapeutically effective amount of a ifunctional compound of any one of
claims 1-42 or a therapeutically effective amount of the pharmaceutical composition of any

one of claims 43-46.

63, The method of claim 62, where the subject’s somatic AR turmor biomarker status comprises

at least one somatic AR tumor mutation.

64, The method of claim 62, wherein the AR biomarker status of the subject is determined by
ctDNA analysis, fluorescent in st hybridization, immunohistochenusiry, PCR analysis, or

sequencing.

65, The method of claim 62, wherein the AR biomarker status of the subject is determined n

a blood sample derived from the subject.

66. The method of claim 62, wherein the AR biomarker status of the subject is determined in

a solid biopsy derived from the tumor of the subject.

67. The method of any one of claims 62-66, wherein the prostate cancer is castrate-resistant

prostate cancer.
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68, The method of any one of claims 62-67, wherein the prostate cancer is metastatic prostate
cancer.
69. The method of anv one of claims 63-68, wherein the at least one somatic AR tumor

mutation is selected from the group consisting of L702H, MBOSY, MBO6V, TR78A, F877L, and
HI75Y.



