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COMPOUNDS AND METHODS FOR THE TARGETED BEGRADATION OF
ANDROGEN RECEPTOR
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{6061} This application claims priority to, and the benefit of, U.S. Application No. 63/089,497,
filed Gciober §, 2020, UK. 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 15 mcorporated by reference
herein.
INCORPORATION BY REFERENCE OF SEQUENCE LISTING

{00082] The contents of the text file named “ARVN-007 001WQO Seglist ST257, which was
created on December 16, 2020 and 1s 9 KB in size, are hereby incorporated by reference in their

entirety.

TECHNICAL FIELD
[0003] The disclosure provides imide-based compounds, including bifunctional compounds
comprising the same, and associated methods of use. The bifunctional compounds are useful as
modulators of targeted ubiquitination, especially with respect to a vanety of polypeptides and other
proteins, which are degraded and/or otherwise mhubited by bifunctional compounds according to

the present disclosure.

BACKGROUND OF THE DISCLOSURE

{0004] Most small molecule drugs bind enzymes or receptors in tight and well-defined
pockets. On the other hand, protemn-protein interactions are notoriously difficult to target using
small molecules due to thewr large contact surfaces and the shallow grooves or flat interfaces
mvolved.  E3 obiquitin higases (of which hondreds are known in humans) confer substrate
specificity for ubiguitination, and are therefore atiractive therapeutic targets. The development of
figands of B3 ligases has proven challenging, in part due to the fact that they must disrupt protem-
protein interactions. However, recent developments have provided specific higands which bind to
these ligases.

{0005] One E3 uhiquitin ligase with therapeutic potential is cereblon. (ereblon is a protein
that in humans 15 encoded by the CRBN gene. Thalidomide and its analogs, e g., pomahidomide

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.

{0606} Androgen Receptor {AR) belongs to a nuclear hormone receptor family that s activated
by androgens, such as testosterone and dihydrotestosterone (Pharmacol. Rev. 2006, 58(4}, 782-97;
Vitam. Horn 1999 55:300-52). In the absence of androgens, AR is bound by Heat Shock Protein
90 (HspY0) in the cytosol. When an androgen binds AR, wts conformation changes to release AR
from Hsp90 and to expose the Nuclear Localization Signal (NLS). The latter enables AR to
translocate into 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 Endocrinol. 2002,
16(10}, 2181-7). AR deficiency leads to Androgen Insensitivity Syndrome, formerly termed
testicular fenmumzation,

{0087] While AR is responsible for development of male sexual characteristics, 1t 15 also a
well-documented oncogene in certain forms of cancers including prostate cancers {Endocr. Rev.
2004, 25(2), 276-308). A comumonly measured target gene of AR activity 15 the secreted Prostate
Specific Antigen (PSA)} protemn. The current treatment regimen for prostate cancer mvolves
mnhibiting 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 ehminating the AR protein.

{8008] Because AR 1s a critical driver of tumorigenesis in many forms of prostate cancers, its
elumination should lead {0 a therapeutically beneficial response. There exisis an ongoing need n
the art for effective treatments for diseases, especially cancer, prostate cancer, and Kennedy's
Disease.

{00089} 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

{0616} The present disclosure describes bifunctional compounds which function to recruit
endogenous proteins to an B3 Ubiquutin Ligase for degradation, and methods of using the same.
In particular, the present disclosure provides bifunctional or proteslysis targeting chimeric
compounds, which find utility as modulators of targeted ubiquitination of a variety of polypeptides
and other proteins, which are then degraded and/or otherwise inhubited by the bifunctional
compounds as described herein. An advantage of the compounds provided herein 1s that a broad
range of pharmacological activities 1s 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 herem for the
treatment or amelioration of a disease condition, such as cancer, e g., multiple myeloma or prostate
cancer.
{0011} In one aspect, the present application provides bifunctional compound having the
structure:
ABM-L-CLM,

or a pharmaceutically acceptable salf, solvate, enantiomer, steresisomer, or isotopic derivative
thereof,

wherein:

{a} ABM 15 an androgen receptor { AR} binding motety having the structure:

wherein:

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

s 4-6 membered cycloalkyl, Co-Cio aryl, 4-6 membered
heterocvcioalkyl, or 4-6 membered hetercaryl, wherein the heterocycloalkyl or
heteroaryl comprises 0-4 heteroatoms;

Q°, 7, QF, O, 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 finear or branched Ci1-Cs alkyl, cvano, halogen, and
optionally substituted linear or branched Ci-Csalkoxy, wherein the alkyl or alkoxy
group 1s optionally substituted with one or more halo;

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

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

nis(, 1,2, 3, or4;

(b} L 15 a chemical linking moiety having the structure:
T S g

wherein;
the ABM is linked to W, and the CLM 15 linked to Z or
the ABM 1s linked to 7, and the CLM is linked to W,

oz

AL

W is absent or 7

@ s 4-7 membered cycloalkyl, 4-7 membered heterocycle, or spiro-bicychic
heterocycloalkyl, where each ring in the spiro-bicycele 1s 4-7 moembered;
X i -CHz- or absent;

Y is ~NR®-, -O-, or absent;

" is 4-7 membered cycloalky! or 4-7 membered heterocycle;
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Z is -C{R -, -NR-, -O-, or absent;

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

AT

&0 O LA
*’\\1/ \M S N SO \EJ
& 4 7 wherein § Tindicates a bond to Y, and < indicates a bond to

>
&
S >

& ’

7

each R’ 15 mdependently selected from the group consisting of H, linear or branched
Cre alkyl, and hnear or branched Crs alkoxy;
3

pisl, 2,3, ord; and

qis 1,2, 3,4, 0t 53;

(¢} CLM 13 cereblon E3 ubiquitin ligase binding moiety having the structure:

wherein:

@ is Us~Cio aryl, 4-7 membered heteroaryl, or bridged bieyclic eycloalkyl;

L

}‘/ mndicates that hinking motety L 15 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-Cealkyl, cvano, halogen, and optionally substituted linear
or branched {1-Us alkoxy, wheremn the alkyl or alkoxy group is 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 alkyl or alkoxy group is optionally
substituted with one or more halo; and

mis$ 1,2 3, or4

{0612] In some embodiments, when @ is pyridyl, is tetramethyicyclobutyl, Q2

15 CRI, and (34 13 CR1; that R1 15 not chloro.

(V4]
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{0013} In some embodiments, further provided that the compound s not N-{4-(3-chloro-
4-cyanophenoxy joyclohexyD)-6-{4-({4-(4-((2,6-dioxopipendin-3-yi}carbamoyliphenvipiperazin-

-y hmethyhpiperidin-1-yhpyridazine-3-carboxamide.

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

(RHm

(R2jn Q ,
) Qﬁ‘{;’ \ 8 .
| b T,
C H
/QYJ N SR
Q2 10
N
N3 S
Q {;,q o
.y
()
or a pharmaceutically acceptable salt, solvate, enantiomer, sterecisomer, or 1sotopic derivative
thereof
[0015] In some embodiments, L is
wherein:

@ 18 4-7 membered cycloalkyl or 4-7 membered heterocyele;
Y is -NRS-, -0~ or absent;

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

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

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

15 4-7 membered cycloalkyl or 4-7 membered heterccycle;
Y is -NRS or -0

R 1s H, linear or branched Cis alkyl, or linear or branched Cicalkoxy; and

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

{0017} It some embodiments, L is

Wherein:

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

:ZZL/\\/U\ “

>

RO s 32& or

‘s cyclobutyl; and

£15 -0~
{8018] In some embodiments, L 13
Wherein:
s piperidiny! or morpholinyl; and
is piperazinyl.
{0619} In some embodiments, \LJ is piperidinyl.

{0020} In some embodiments, the compound is a compound of Formuia (Ib):

~3
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(b}

or a pharmaceutically acceptable salt, solvate, enantiomer, sterecisomer, or isotopic derivative

thereof.

{0021] In some embodiments,

or a pharmaceutically acceptable salt,

thereof

[0022] In some embodiments,
{0023} It some embodiments,
{0624] In some embodiments,
[0025] In some embodiments,
{0026} It some embodiments,
{0627} In some embodiments,
[0023] In some embodiments,
{0029} It some embodiments,
{0630} In some embodiments,
1s CHL

the compound 15 a compound of Formula (Ic):

NH

(Ic)

solvate, enanfiomer, stereoisomer, or isotopic derivative

Q'@ are each CRY
exactly 1 of QM s N
exactly 2 of *-(F" are N
exactly 3 of 3*-Q° are N.
Q&-(3* are each CR*.
exactly 1 of Q%-Q¥ s N.
exactly 2 of Q%" are N,
exactly 3 of Q%% are N,

O is CH, € is O(CHy), Q% is C(CN), Q% is C{CH:), and Q°



10041

pyrazinyl.

[0042]

[0043]

[0044]

[0045]

[0046]
10647}
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In some embodiments, Q' 1s CH, Q% 15 C{OCHS;), Q% 1s C{CN), Q% 1s CH, and Q15
In some embodiments, ¢ 1s CH, Q% 1s C{(CH, P s CICN), Q*1s CH, and @15 CH.

In some embodiments,

In some embodiments, is cyelobutyl

In some embodiments, nis 4.

In some embodiments, is 4-6 membered cycloalkyl

“ 15 cyclobutyl or cyclohexyl

In some embodiments, each R* 1s methyl.
In some embodiments, Q is cyclohexyl
In some embodiments, ni1s ¢

In some emnbodiments, R? 18 hnear or branched C:-Ce alkyl

In some embodiments, 13 phenyl, pyndinvl, pynidazinyl, pyrimidinyl, or

In some embodiments, is phenyl
In some embodiments, ®is pynidimyl.
In some embaodiments, ®is pyridazinyl.

In some embodiments, 18 pyrimidinyl.

In some embodiments,

is pyrazinyl.

In some embodiments, each R* 15 independently selected from the group consisting

of ¥, methoxy, ethoxy, methyvi, and ethyl

{0048}

In some embodiments, each R* 13 independently selected from the group consisting

of ¥, methoxy, and rethyl.
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{8049} In some embediments, mis 0,1, or 2.

{6050 In some embodiments, m1s 0.

{0051} In some embodiments, mis 1.

{6052} In some embodiments, m s 2.

[0053] Inn one aspect, the application provides a bifunctional compound, wherein the

compound is:

Iz

10
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or a pharmaceutically acceptable salt, enastiomer, stereoisomer, or 1sotopic derivative of any of

B

the foregoing.

{0654] In one aspect, the application provides bifunctional compound, wherem the

compound 1§’

N &)
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or a pharmaceutically acceptable salt, enantiomer, sterecisomer, or isotopic derivative of any of

the foregoing.
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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.

{0056} In one embodiment, the composition is formulated as a tablet, and comprises one
or more of the following: emulsifier; surfactant; binder; disintegrant; ghidant; and hubricant.
{0057 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, triptorelin, buserelin, cyproterone, flutamide, bicalutanmude, rmilutamide,
pamidronate, or zolendronate.

{0059} It one embodiment, the application provides a method of {reating prostate cancer
in a subject coroprising administering to a subject in need thereof a therapeutically effective
aroount of a bifunctional compound described heremn or a therapeutically effective amount of a
pharmaceutical composition described herein.

{0060} In one embodiment, the therapeutically effective amount of the bifunctional
compound s adnumstered orally to the subject.

[0061] In one embodiment, the therapeutically effective amount of the bifunctional
compound 15 adnunistered to the subject once a day, twice a day, three times a day, or four times
a day.

{0062} In one embodiment, the therapeutically effective amount of the bifunctional
compound 1s administered to the subject once a day.

{0663} In one embodiment, the therapeutically effective amount of the bifunctional
compound 18 admimstered to the subject alf at once or 1s admunustered in two, three, or four divided
doses.

{0064] In one embodiment, the therapeutically effective amount of the bifunctional
compound is about 1 mg to about 1000 mg.

{0065] In one embodiment, the therapeutically effective amount of the bifunctional
compound is about 5 mg to about 750 mg.

{0666} In one embodiment, the therapeutically effective amount of the bifunctional

compound is about 10 mg to about 300 mg.
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{0067} In one embodiment, the therapewtically effective amount of the bifunctional

compound 1s about 20 mg to about 250 mg.

{0068} In one embodiment, the subject is in a fed state at the time of administration.
{0669] In one embodiment, the subject 1s in a fasted state at the time of admunistration.
{0070} In one embodiment, the method further comprises administering an effective

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

{0071} I one embodiment, the anti-cancer agent 5 abiraterone, estramustine, docetaxel,
ketoconazole, goserelin, histrelin, triptorelin, buserelin, cyproterone, flutamide, bicalutamude,
nilutamide, pamidronate, or zolendronate.

{0672} In one embodiment, the subject with prostate cancer comprises at least one somatic

AR tumor mutation.

{0673] In one emnbodiment, the prostate cancer s castrate-resistant prostate cancer.
[6074] In one embodiment, the prostate cancer 1s metastatic prostate cancer.
[0675] In one embodirent, 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 bomarker status; and
administering 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 ().
{0676] In one embodiment, the subject’s somatic AR tumor biomarker status comprises at
ieast one somatic AR tumor mutation.
{06677} In one embodiment, the AR biomarker status of the subject 1s determined by ciBNA
analysis, fluorescent in situ hybridization, immunohistochemistry, PCR analysis, or sequencing.
{0678] In one embodiment, the AR bromarker status of the subject is determined in a blood
sample derived from the subject.
{0679] In one embodiment, the AR biomarker status of the subject is determined i a solid
biopsy derived from the tumor of the subject.
{60806} In one embodiment, the prostate cancer is casirate-resistant prostate cancer.

{0081} In one embodiment, the prostate cancer 1s metastatic prostate cancer.
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{0082} In one embodiment, the at least one somatic AR tumor mutation 1s selected from

the group consisting of L702H, M&93V, ME9OV, T878A, F&77L, and H75Y.

BRIEF DESCRIPTION OF THE DRAWINGS
{0083] The accompanying drawings, which are incorporated into and form a part of the
spectfication, 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
tllustrative embodiments of the disclosure, 1 which:
(08084} FIGs 1A and 1B are illustrations of the general principle for the function of proteolysis
targeting chumenic compounds. FIG. 1A represents exemplary proteolysis targeting chimeric
compounds comprise a protein targeting motety (PTM, darkly shaded rectangle}, a cereblon
ubiquitin ligase binding moiety {CLM, unshaded triangle), and a linker motety (black fine)
coupling or tethering the PTM to the CLM. FIG. 1B dlustrates the functional use of the proteolysis
targeting chumeric compounds as described herem. Briefly, the CLM recognizes and binds to
cereblon, an B3 Ubiquatin Ligase, and the PTM binds and recruits an intracellular target protein
bringing it into close proximity to the cereblon E3 Ubiquitin Ligase. Typically, the cereblon E3
Ubiquitin Ligase 18 complexed with an E2 sbhiguitin-conjugating protein, and either alone or via
the B2 protein catalyzes attachment of ubiquutin {dark circles) to a lysine on the target protein via
an 1sopeptide bond. The poly-ubiquitinated protein (far right) is then targeted for degradation by
the protessomal machinery of the cell.
{00385} FIG. 2 15 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
{00388} All references to amino acid mutations in the Androgen Receptor are numbered relative

to SEQ D NO: 1, which 1s provided herewith.
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{00389} The term “Ubiquitin Ligase” refers to a fammly 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 Uliquitin Ligase protein that alone or in combination with an E2
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 ubiguitin ligase alone or in complex with an E2 ubiquitin conjugating enzyme 1is responsible
for the transfer of ubiquitin to targeted proteins. In general, the ubiquitin higase is mvelved in
polyubiquitination such that a second ubtguitin is attached to the first; a third 15 attached to the
second, and so forth. Polyubiguitination marks proteins for degradation by the proteasome.
However, there are some ubtquitination events that are limited to mono-ubiguitination, in which
only a sigle ubiquitin is added by the ubiquitin ligase to a substrate molecule. Mono-ubiguitinated
proteins are not targeted to the proteasome for degradation, but may jostead be altered 1 their
cellular location or function, for example, via binding other proteins that have domains capable of
binding ubiquitin. Further comphlicating matiers, different lvsines on ubiquitin can be targeted by
an B3 to make chains. The rost commmon lysine 1s Lysd8 on the ubiquitin chain. This s the lysine
used to make polyubiquitin, which 1s recognized by the proteasome.

{0090] 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.

{8081} The term “substituted” or “optionally substituted” shall mean mdependently (1.e,
where more than substituent occurs, each substituent 15 independent of another substituent) one or
more substituents (independently up to five substituents, preferably up to three substituents, often
1 or 2 substituents on a moilety in a compound according to the present disclosure and may include
substituents which themselves may be further substituted) at a carbon {or nitrogen) position
anywhere on a molecule within context, and inchides as substituents hydroxyl, thiol, carboxyl,
cyano (=N}, mitro (NO»), halogen {(preferably, 1, 2 or 3 halogens, especially on an alkyl,
especially a methyl group such as a trifluoromethyl), an alkyi group (preferably, Ci-Cro, more
preferably, Ci-Ce}, arvl (especially phenyl and substituted phenyl for example benzy! or benzovl},
alkoxy group {preferably, C-Us alkyl or aryl, including phenyl and substituted phenyl), thioether
(Ci-Ce alkyl or aryl), acyl {preferably, Ci-Ce acyl), ester or thigester {preferably, Ci-Cs alkvlor

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 C1-Ce alkyl or aryl group), preferably, Ci-Ce alkyl
or aryl, halogen {preferably, F or Cl}, amine (including a five- or six-membered cyclic alkylene
amine, further including a C1-Cs alkyl amine or a C1-Co dialkyl amine which alky! groups may be
substituted with one or two hydroxyl groups) or an optionally substituted —N{Co-Cs alky (O O-
C1-Co alkyly group (which may be optionally substituted with a polyethyiene 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 alkyl groups (including a
carboxamide which 1s optionally substitited with one or two (i-Ce alkyl groups), alkanol
{preferably, Ci1-Cs alkyl or arvl), or alkanoic acid (preferably, Ci-Co alkyl or aryl}. Substituents
according to the present disclosure may include, for example —SiRiRoRs groups where each of Ry
and Rz 15 as otherwise described herein and Rs 1s H or a Ci-Cs alkyl group, preferably Ry, Rz, Rs
in this context 15 a C1-Cs alkyl group (including an 1sopropy! or t-butyl group). Fach of the above-
described groups may be hinked directly to the substituted moiety or alternatively, the substituent
may be linked to the substituted motety {preferably 1n the case of an aryl or heteraryl motety)
through an optionally substituted ~(CHzim- or alternatively an optionally substituted -(OCHz2)m-, -
{(OCHxCH - or ~{CHoCH2O - group, which moay be substituted with any one or more of the
above-described substituents.  Alkylene groups ~(CHzim- or ~{{TH2 - groups or other chains such
as ethylene glycol chains, as wdentified above, may be substituted anywhere on the chain. Preferred
substituents on alkylene groups nclade halogen or Ci-Cs {preferably Ci1-Ca} alkyl groups, which
may be optionally substituted with one or two hydroxyl groups, one or two ether groups {0-C1-Ce
groups), up to three halo groups {preferably F}, or a sidecham of an amuno acid as otherwise
described heremn and optionally substituted anude (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 alkyl groups,
preferably Ci-Cs alkyl group, most often methyl or O-methyl groups or a sidechain of an amino
acid as otherwise described herein. In the present disclosure, a moiety in a molecule may be
optionally substituted with up to five substituents, preferably up to three substituents. Most often,
i the present disclosure moieties which are substituted are substituted with one or two

substituenis.
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{0092} 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,
carboxamide, sulfone, including sulfonamide, keto, carboxy, Ci-Us ester {oxyester or
carbonylester}, C1-Co keto, wrethane -O-C{O)}NRiR» or ~N{R:}-C(O}-0O-Ry, nitro, cvano and
amine {especially mcluding a C1-Cs alkylene-NRiRs, a mono- or di- C1-Cs alkyl substituted amines
which may be optionally substituted with one or two hydroxyl groups). FHach of these groups
comtain 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 1n context, 1, 2, 3, 4, 5 or 6}, -5-, -S{(0}-, SO2- or -NH-C(O}-NH-, «(CH2)»OH,
-{CH2SH, {({CH)«COO0H, i-Co alkyl, -(CH20-(Ch-Cs alkyl), -(CH23C(0)-{C1-Cs alleyl), -
(CH2WOC(O)-(C1-Co alkyl), -(CH2C(OYO-{C1-Cs alkyly, -(CH2uNHC(O)}-Ry, -(CH2C(O)-
NRiR2, {(OCH23.0H, ~(CH2x03CO0H, Ci-Cs alkyl, ~{(OCH2)0~-{Ci-Ce alkyl), ~(CH:ORC{O)-
(C1-Cs allyl), (OCH2)NHC{O»R1, ~{(CH2ORC(O)-NRIR:, ~-5{0)-Rs, ~S{0)-Rs (Rs 15 C1-0s
alkyl or a {CH2 - NRiR: group), NOz, CN or halogen (F, C1, Br, 1, preferably F or C1), depending
on the context of the use of the substituent. Ry and Rz are each, within context, H or a Ci-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 chemucal 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. Alkylene groups
may also be substituted as otherwise disclosed heren, preferably with optionally substituted Ci-
s alkyl groups (methyl, ethyl or hydroxymethyl or hydroxyethyl 13 preferred, thus providing a
chiral center}, a sidechain of an amino acid group as otherwise described heremn, an amudo group
as described heremnabove, or a wrethane group O-C{0}-NRiR2 group where Ri and Rz are as
otherwise described herein, although numerous other groups may also be used as substituents.
Various optionally substituted moieties may be substituted with 3 or more subsiituents, preferably
no more than 3 substituents and preferably with 1 or 2 substituents. It is noted that in instances
where, in a compound at a particular position of the molecule substitution s required {principally,
because of valency), but no substitution is indicated, then that substitvent 15 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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phenvl, benzyl} or condensed rings {e.g., naphthyl, anthracenyl, phenanthrenvi, 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 imdicated in the chemical structure presented. (ther examples of aryl
groups, in context, may include heterocyclic aromatic ring systems, “heterocaryl” groups having
one or more nitrogen, oxygen, or sulfur atoms in the ring {(moncyclic} such as mmidazole, furvl,
pyrrole, 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 mitrogen-contaming hetercaryl groups such as pyrrole, pyridine, pyridone,
pyridazine, pynmidine, pyrazine, pyrazole, imdazole, triazole, triazine, tetrazole, indole,
isoindole,  indolizine, azaindolizine, purine, indazole, quinoline, dihydroguinoling,
tetrahydroquinoline, soquinohine, dihydroisoquinoline, tetrahydroisoquinoline, quinolizine,
phthalazine, naphthyridine, quinoxaline, quinazoline, cinnoline, ptenidine, 1midazopynidine,
imidazotriazine, pyrazinopyridazine, acridine, phenanthnidine, carbazole, carbazoline, pyrimidiune,
phenanthroline, phenacene, oxadiazole, benzimudazole, pyrrolopyridine, pyrrolopyrinudine and
pyridopyrimiding; sulfur-containing aromatic heterocycles such as thiophene and benzothiophene;
oxygen-containing aromatic heterocycles such as furan, pyran, cyclopentapyran, benzofuran and
isobenzofuran; and aromatic heterocycles coraprising 2 or more hetero atoms selected fromamong
mtrogen, sulfur and oxygen, such as thiazole, thiadizole, 1sothiazole, benzoxazole, benzothiazole,
benzothiadiazole, phenotliazine,  soxazole, furazan, phenoxazine, pyrazoloxazole,
mudazothiazole, thienofuran, furopyrrole, pynidoxazine, foropyriding, furopyrimdine,
thienopyrimidine and oxazole, among others, all of which may be optionally substituted.

{8094} The term "substituted aryl” refers to an aromatic carboeychic group comprised of at
least 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 substituents. For example, an aryl group can
comprise a substituent(s) selected from: -(CH2}wOH, «(CH23u-O-(Cr-Colalkyl, -{(CHz - O-{CH2 ju-
{Cr-Colalkyl, ~(CHo-CUOWCo-Co)  alkyl, «(CHWw-C{OYNCo-Colalkyl, ~{CH2}u-OC{OHCo-

Codalkyl, amine, mono- or di-{Ci-Cs alkyl) amine wherein the alkyl group on the amine s

optionally substituted with 1 or 2 hydroxyl groups or up to three halo {preferably ¥, Cl) groups,
OH, COOH, Ci-Ce alkyl, preferably CHs, CFs, OMe, OCFz, NG», or CN group {gach of which

may be substituted in ortho-, meta- and/or para- positions of the phenvl ring, preferably para-}, an
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optionally substituted phenyl group (the phenyl group itself is preferably substituted with a linker
eroup attached to a ABM group, including a ULM group), and/or at least one of F, Cl, OH, COOH,
CHa, CFs, OMe, OCFs, NO2, or UN group (in ortho-, meta- and/or para- positions of the phenyl
ring, preferably para-}, a naphthyl group, which may be optionally substituted, an optionally
substituted hetercaryl, preferably an optionally substituted 1soxazole including a methylsubstituted
isoxazole, an optionally substituted oxazole including a methylsubstituted oxazole, an optionally
substituted thiazole including a methyl substituted thiazole, an optionally substituted sothiazole
mcluding a methyl substituted isothiazole, an optionally substituted pyrrole including a
methylsubstituted pyrrole, an optionally substituted imidazole including a methylimidazole, an
optionally substituted benzinudazole or methoxybenzylimidazole, an optionally substituted
oximidazole or methyloximidazole, an optionally substitited diazole group, including a
methyldiazole group, an optionally substituted triazole group, cluding a methylsubstituted
triazole group, an optionally substituted pynidine group, mcluding a halo- {preferably, F) or
methylsubstitutedpyridine group or an oxapynidine group {(where the pyridine group 1s Iinked to
the phenyl group by an oxygen), an optionally substituted furan, an optionally substuuted
benzofuran, an optionally substituted dihvdrobenzofuran, an optionally substituted indole,
mndolizine or azamdolizine (2, 3, or 4-azaindolizine), an optionally substituted quinoline, and
combinations thereof

o

{8095} The termy “heteroaryl”or “hetaryl” can mean but 15 i no way hmied to an
optionally substituted quinoling {which may be attached to the pharmacophore or substituted on
any carbon atom within the quinoline ring}, an optionally substituted mdole {including
dibydromndole}, an optionally substituted indolizine, an optionally substituted azaindolizine (2, 3
or 4-azaindolizine} an optionally substituted benzinudazole, benzodiazole, benzoxofuran, an
optionally substituted 1midazole, an optionally substituted 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 methvl and/or thiol substitted), an optionally
substituted i1sothiazole, an optionally substituted triazole (preferably a 1,2,3-tnazole substituted
with a methyl group, a trissopropylsilyl group, an optionally substituted ~(CHa}m-0-Ci-Ce alkyl
group or an optionally substituted -(CH2 - C{0-0-Ci-Us alkyl group), an optionally substituted

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

§° s CHR™ NRYRE or O

R i 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 (g (F3),
optionally substituted O{Ci-Cs alkyl}y {preferably sebstituted with one or two hydroxyl
groups or up to three halo groups) or an optionally substituted acetylenic group ~C={-R,
where Ra1s H or a Ci-Us alkyl group (preferably Ci-Cs alkyl);

R is H, ON, 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-Ce alkyl} (preferably substituted with one or two hydroxyl groups or up
to three halo groups) or an optionally substituted -C{(O X Ci-Co alky !} (preferably substituted
with one or two hydroxyl groups or up to three halo groups);

RYRE 15 H, a C-Cs alkyl (preferably H or C1-Ca alkyl) or a <C{OXCi-Cs alkyl), each of which
groups 18 optionally substituted with one or two hydroxyl groups or up to three halogen,
preferably fluorine groups, or an optionally substituted heterocyele, for example
piperidine, morpholine, pyrrolidine, tetrahydrofuran, tetrahydrothiophene, pipendine,
piperazine, each of which 1s optionally substituted, and

0096]  YCis Nor C-RYS where R¥% is H, OH, ON, NO», halo (preferably Cl or F), optionally
substituted C1-Cs alky! {(preferably substituted with one or two hydroxyl groups or up to three halo

groups {e.g. CF3), optionally substituted O(Ci~Ce alkyl) {preferably substituted with one or two
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hydroxyl groups or up to three halo groups) or an optionally substituted acetylenic group —{=C-
Rawhere Ry is H or a {-Us alkyl group {preferably Ci-Cs alkyl).

{0097} The term "Heterocycle" refers to a cyclic group which contains at least one
heteroatom, e.g., N, O or 8§, and may be aromatic (heteroaryl} or non-aromatic. Thus, the hetercaryl
moieties are subsumed under the definition of heterocycle, depending on the context of its use.

Exemplary heteroary! groups are described hereinabove.

{0098} Exemplary heterocveiios inchide: azetidinyl, benzimidazoiyl, 1.4~ benrodioxanyvl,
{,3-benzodioxolyl,  benzoxazolyl,  benrothiazolyl,  benzothienyl,  dihvdroundazolyl

dihvdropyranyl, dibvdrofuranyl, dioxanyl, dioxolanyl, ethyleneurea, 1,3-dioxolane, 1,3-dioxane,
{ 4-dioxane, furvl, homopiperidinyl, oudazolvl, imudazolinv, imidazobidiny, mdolinvl, mndelyl,
woquinolinyl,  sothwzohdinyl,  isothiazolyl,  isoxazobidinyl, soxazelyl,  morpholinvl,
naphthyridinyl, oxazohidinyl, oxazolvl, pyridone, 2-pyrrohidone, pynidine, piperazmyl, , N-
methylpiperazinyl, piperidimyl, phthabonde, sucomnude, pyrazinyl, pyrazolinyl, pyrudyvl
pyrimidinyl, pyrrolidioyl, pyrrolinyl, pyrrolvl qunoliny!, tetrahydrofuranyl, tetrabhyvdropyranyl,
tetrahydroquinoline, thirohdingl, thiazolvl, thienvl, tetrahydrothiophene, oxane, oxetanyl,
oxathiolanyl, thiane among others.

{0699] 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, acvlamino, acyloxy, amino, substituted anuno, aminoacyl,
aminoacyloxy, oxyamunoacyl, azido, cyano, halogen, hydroxyl, keto, thioketo, carboxy,
carboxyalkyl, thicarvioxy, thichetercaryioxy, thicheterocyclooxy, thiol, thicalkoxy, substituted
thioalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyelic, heterocyclooxy, hydroxyamino,
alkoxyamino, nitre, —SO-alkyl, —SQG-substituted alkyl, —80aryl, —80-heteroaryl, —8O2-
alkyl, —SO2Z-substituted alkyl, —802-aryl, oxo {=}, and -SO2Z-hetercaryl. Such heterocyclic
eroups can have a single ring or mulitiple condensed rings. Examples of nitrogen heterocycles and
heteroarvis include, but are not himited to, pyrrole, imidazole, pyrazole, pyridine, pyrazine,
pyrimdine, pyridazine, indolizine, isoindole, mndole, indazole, purine, quinshizine, 1soqunoline,
quinoline, phthalazine, naphthylpyridine, quinoxaline, quinazoline, cinnoline, pteridine,
carbazole, carboline, phenanthriding, acridine, phenanthroline, isothiazole, phenazine, 1soxazole,
phenoxazine, phenothiazine, imidazolidine, imidaroline, piperidine, piperazine, indoline,

morpholing, piperidinyl, tetrahydrofuranyl, and the like as well as N-alkoxy-nitrogen containing
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heterocycles. The termy "heterscyelic” also includes bicyche groups w which any of the

{for

e

heterocyclic rings 1s fused to a benzene ring or a eyclohexane ring or another heterocychic ring
example, indolyl, quunolyl, isoquinoivl, tetrahydroquinelyl, and the iikel

{0100} The term “cycloalkyl” can mean but is in no way limited to umvalent groups
dertved from monocvchic or polyeyclic alkyl groups or cycloalkanes, as defnied herein, eg.,
saturated monocyclic hydrocarbon groups having from three to twenty carbon atoms in the ring,
mncluding, but not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and
the like. The term "substituted cycloalkyl" can mean but is in no way limited to a monocycelic or
polveyclic alkyl group and being substituted by one or more substituents, for example, anuno,
halogen, alkyl, substituted alkyl, carbyloxy, carbylmercapto, aryl, mitro, mercapto or sulfo,
whereas these generic substituent groups have meanings which are identical with definitions of the
corresponding groups as defined in this legend.

[0181] "Heterocycloaltkyl” refers to a monocyclic or polyeyclic alkyl group m which at
ieast one ring carbon atom of s cvelic structure being replaced with a hetercatom selected from
the group consisting of N, O, S and P. "Substituted heterocycloalkyl” refers to a monocychic or
polycyehe alkyl group in which at least one ring carbon atom of s cychic structure being replaced
with a hetercatom selected from the group consisting of N, O, $ and P and the group 15 containing
one or more substituents selected from the group consisting of halogen, alkyl, substituted alkyl,
carbyvioxy, carbylmercapto, aryl, nitro, mercapto and sulfo, whereas these generic substituent
group have meanings which are identical with definttions of the corresponding groups as defined
m this legend.

{8162} The term “spirocycle” or “spuro-fused cycloalkyl” refers to a polyeyclic alkyl group
contining at least two rings, in which two rings share exactly one ring atom. The term
“spircheterocycle” or “spiro-fused heterocycioalky!™ refers to spiro-fused cycloakyl group in
which at least one ring carbon atom of its cyclic structure 1s replaced with a hetercaiom selected
from the group comsisting of N, &, 8§ and P Spio-fused cycloalkyl and spiro-fused
heterocycloalkyl groups may be further defined by their number of rings, e g. bicyclic, tricyclic,
tetracychic, etc.

{0103] The term “bridged cycloalkyl” or refers to a polycvelic alkyl 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
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with a heteroatom selected from the group consisting of N, O, S and P. Bridged cycloalky] and
spiro-fused heterocycloalky! groups may be further defined by their number of rings, e g. bicyclic,
tricyclic, tetracyclic, ete.

{6164} “Halogen” or “halo” refers to fluorine (F), chlorine {1}, bromine (Br}, or iodine {1).
{01 05] “Cy-Cs alkyl” refers to a straight or branched chain saturated hydrocarbon containing
1-6 carbon atoms. Examples of a {C1-Ce} alkyi group include, but are not limited to, methyl, ethyl,
propyl, butyl, pentyl, hexyl, isopropyl, isobutyl, sec-butyl, tert-butyl, isopentyl, neopentyl, and
isohexyl

{0106} “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, 1.¢,,
exhibit minimal, if any, toxicological effects. Representative "pharmaceutically acceptable salts”
include, eg., water-soluble and water-insoluble salts, such as the acetate, amsonate {(4,4-
diaminostilbene-2, 2-disulfonate), benzenesulfonate, benzonate, bicarbonate, bisulfate, bitartrate,
borate, bromude, butyrate, calcium, calciurn edetate, camsylate, carbonate, chloride, citrate,
clavulariate, dihydrochloride, edetate, edisylate, estolate, esylate, fumarate, gluceptate, gluconate,
glutamate,  glycollvlarsamilate,  hexafluorophosphate,  hexvlresorcinate,  hydrabamine,
hydrobronude, hydrochloride, hydroxynaphthoate, 1odide, isothionate, lactate, lactobionate,
inurate, magnesium, malate, maleate, mandelate, mesylate, methyibromde, methylnitrate,
methylsulfate, mucate, napsylate, nitrate, N-methyighicamine ammomum salt, 3-hydroxy-2-
naphthoate, oleate, oxalate, palmitate, pamoate (1,1-methene-bis-2-hydroxy-3-naphthoate,
einbonate}, pantothenate, phosphate/diphosphate, picrate, polvealacturonate, propionate, p-
toluenesulfonate, salicylate, stearate, subacetate, succinate, sulfate, sulfosalicylate, suramate,
tannate, tarirate, teoclate, tosylate, triethiodide, and valerate salts.

{0167} 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 1somers) or in the ability to rotate the plane of polarized light
{sterecisomers). With regard to stereoisomers, 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

mdividual enantiomers or diastereomers.
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{0168} The compounds of the disclosure may exist i unsolvated as well as solvated forms
such as, for example, hydrates.

{0109} "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 in the crystalline solid state, thus forming a solvate. If the solvent 1s water the solvate
formed 1s a hyvdrate, 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
mntermolecular 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 sesquihiydrates, monohydrates, dibydrates
or trihiydrates. Equally suitable are the hydrates of salts of the compounds of the disclosure.
{0110] "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, n this application, the compounds of the disclosure nclude, for
example, compounds that are sotopically 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 to other paris of the body, ¢.g., bones, lymph nodes, hiver, lungs, bramn.
[0113] Castrate-resistant prostate cancer or castration-resistant prostate cancer {or prostate
cancer that 13 castrate~ or castration-resistant} 1s a type of prostate cancer that keeps growing even
when the amount of testosterone in the body s 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 testosterone in the body is reduced
to very low levels.

{0114} 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 alieviating the

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

S
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{0115} As used heremn, “preventing” describes stopping the onset of the sympioms or
complications of the disease, condition or disorder.

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

{8117} The terms "co-administration” and "co-admunistering” or “combination therapy” refer
to both concurrent admunistration (adnunistration of two or more therapeutic agents at the same
time} and fime varied adnunistration {adnumstration of one or more therapeutic agents at a time
different from that of the admunistration 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 same tirve. In certain preferred aspects, one or more of the present compounds described herein,
are co-admmistered i combination with at least one additional bicactive agent, especially
mcluding an anti-cancer agent. In particularly preferred aspects, the co-admumstration of
compounds results in synergistic activity and/or therapy, including anticancer activity.

{011§] "Therapeuntically effective amount”, as used heretn means an amount of the free base
of a compound of the disclosure that 15 sufficient to treat, ameliorate, or prevent a specified disease
{e.g., prostate cancer), disease symptom, disorder or condition, or to exhubit 3 detectable
therapeutic or inhibutory effect. The effect can be detected by any assay method known in 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 condiiion; and whether additional therapeutics are to be
administered to the subject. Therapeutically effective amounts for a given situation can be
determined by routine experimentation that 1s within the skill and judgment of the chinician.
{0119] “Chax’, as used herein, refers to the observed maximum {peak) plasma concentration
of a specified compound in the subject after adminisiration of a dose of that compound fo the
subject.

{0126} “AUC”, as used herein, refers to the total area under the plasma concentraiion-time

curve, which 15 a measure of exposure to a compound of interest, and s 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.

10121} “AUCH", as used herein, refers to the AUC from O hours to the end of a dosing interval.
{0122] “AUC0e24” 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 is released from the dosage form according to a pre-
determined profile that may include when and where release occurs after oral admustration and/or
a specified rate of release over a specified time period

{0124] “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 morganic, naturally occurring or synthetic, such as polymenic matenals, triglycendes,
dentvatives of triglycerides, fatty acids and salts of fatty acids, tale, boric acid, colloidal silica, and
combinations thereof.

[0125] “Enteric coating” as used herein with respect to a dosage form of the disclosure refers
to a pH-dependent material that surrounds a core comprising a compound of the disclosure and
which remains substantially mntact in the acid environment of the stomach, but which dissolves m
the pH environment of the intestines.

{01 26] “Gastro-resistant” or “GR” as apphied to a CR oral dosage form described herem means
that release of a compound of the disclosure in the stomach of a subject shall not exceed 5%, 2.5%,
1% or 0.5% of the total amount of the compound of the disclosure i the dosage form.

{08127} “Oral dosage form™ as used herem refers to a pharmaceutical drug product that contains
a specified amount {dose) of a compound of the disclosure as the active ingredignt, or a
pharmaceutically acceptable salt and/or solvate thersof, and mactive components {excipients},
formulated into a particular configuration that 1s suitable for oral administration, such as an oral
tablet, liquid, or capsule. In one embodiment, the compositions are in the form of a tablet that can
be scored.

{6128} The term "carrier”, as used mn this disclosure, encompasses pharmaceutically acceptable
excipients and diluents and means a material, composition or vehicle, such as a liquid or solid

filler, diluent, excipient, solvent or encapsulating material, mvolved 1n 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 “about” as part of a quantitative expression such as “aboui X7, inclodes any
value that 1s 10% higher or fower 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

{0130} “Comprising” or “comprises” as applied to a particular dosage form, composition, use,
method or process described or claimed herein means that the dosage form, composition, 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
matenials or steps that do pot materally affect the rvecited 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.

[3131] “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 nterest, such as the tume of administering a
compound of the disclosure. Tn an embodiment, a subject in the fasted state has not eaten for at
least any of 6, 8, 10 or 12 hours prior to admunmstration of a compound of the disclosure.

[0133] “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 interest, such as the time of admumisienng a
compound of the disclosure. In an embodiment, a subject in the fed state has eaten within at feast
any of 3, 2, 1 or (0.5 hours prior to admunistration of a compound of the disclosure.

{0133} As used herein, the term “anti-cancer agent” is used to describe an anti-cancer agent,
or a therapeutic agent administered concurrently with an anti-cancer agent (e.g., palonosetron),
with which may be co-administered and/or co-formulated with a compound of the disclosure to
treat cancer, and the side effects associated with the cancer treatment. These agents include, for
example, everolimus, trabectedin, abraxane, TLK 286, AV-299, BN-101, pazopanib, GSK690693,
RTA 744, ON (0910 Na, AZD 6244 (ARRY-142886}, AMN-107, TKI-258, GSK461364, AZD
1152, enzastaurin, vandetanib, ARQ-197, MK-0457, MELNB0OS4, PHA-73933%, R-763, AT-9263,
a FL'T-3 inhibitor, a VEGFR 1nhibitor, an BGFR TK inhibitor, an aurora kinase inhibitor, a PIk-1
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modulator, a Bel-2 mhibitor, an HDAC mhbitor, a ¢-MET inhibitor, a PARP inhibitor, a Cdk
mhibitor, an EGFR TK inhibitor, an IGFR-TK inhibitor, an anti-HGF antibody, 2 PI3 kinase
mhubitor, an AKT mhibitor, an mTORC/2Z mhibiior, a JAK/STAT mhibitor, a checkpoint-1 or 2
mhibitor, a focal adhesion kinase inhibitor, a Map kinase {mek} inhibitor, a VEGF trap antibody,
pemetrexed, erlotinub, dasatanib, nilotinib, decatanib, pamitumumab, amrubicin, oregovomab, Lep-
etu, nolatrexed, azd2171, batabulin, ofatumumab, zanolimumab, edotecarin, tetrandrine,
rubitecan, tesmilifene, oblimersen, ticthimumab, ipilimumab, gossypol, Bio 111, 131-1-TM-601,
ALT-110, BIO 140, CC 8490, cilengitide, gimatecan, IL13-PE3RQOR, ING 1001, IPdR1 KRX-
0402, lucanthone, LY 317615, neuradiab, vitespan, Rta 744, Sdx 102, talampanel, atrasentan, Xr
311, romidepsin, ADS-100380, sunitirub, 3-fluorouracil, vorinostat, etoposide, gemcitabine,
doxorubicin, liposomal doxorubicin, S'-deoxy-S-fluoroundine, vincristine, temozolomide, ZK-
304709, selicichib; PD0O325%01, AZD-6244, capecitabine, L-Glutamic acid, N-[4-[2-(Z-amino-4,7-
dihydro-4-oxo-1H- pyrrolo[2,3-dlpyrimidin-S-ylethyllbenzovl]-, disodiumn salt, heptahydrate,
camptothecin, PEG-labeled irinotecan, tamoxifen, toremnifene citrate, anastrazole, exemestane,
letrozole, DES{(diethylstilbestrol), estradiol, estrogen, conjugated estrogen, bevacizumab, TMC-
1CHL, CHIR-258); 3+[S-(methylsulfonyipiperadinemethyl)- ndolvl-quinolone, vatalanib, AG-
013736, AVE-000S, goserelin  acetate, leuprolide acetate, triptorelin  pamoate,
medroxyprogesterone acetate, hydroxyprogesterone caproate, megestrol acetate, raloxifene,
bicalutamide, flutamide, nilutamide, megesirol acetate, CP-724714; TAK-165, HKI-272, erlotinib,
iapatanib, canertinib, ABX-EGF antibody, erbitux, EKB-569, PKI-166, GW-572016, fonatarmb,
BMS-214662, tiptfarmb; amifosting, NVP-LAQ824, suberoyl analide hydroxamic acid, valproic
actd, trichostatin A, FK-228, SU11248, sorafemnb, KRNSS51 | aminoglutethimide, amsacrine,
anagrelide, L-asparaginase, Bacillus Calmette-Guermm (BCG) vaccing, adnamyein, bleomycem,
buserelin, busulfan, carboplatin, carmustine, chlorambucil, cisplatin, cladribine, clodronate,
cyproterone, cytarabine, dacarbazine, dactinomycin, daunorubicin, diethylstiibestrol, epirubicin,
fludarabine, fludrocortisone, fluoxymesierone, flutamide, gleevec, gemcitabine, hydroxyurea,
idarubicin, ifosfamide, mmatinib, leuprolide, levamisole, lomustine, mechlorethamine, melphalan,
G-mercaptopurine, mesna, methotrexate, mitomycin, mitotane, mitoxantrone, nilutamide,
octreotide, oxahiplatin, pamudronate, pentostatin, plicamycin, porfimer, procarbazing, raltitrexed,
rituximab, streptozocin, teniposide, testosterone, thalidomide, thioguanine, thiotepa, tretinoin,

vindesine, 13-cis-retinoic acid, phenvialanine mustard, uracil mustard, estramustine, aliretanune,
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floxuridine, S-decoxyurniding, cvtosine arabinoside, 6-mecaptopurine, deoxycoformycin,
calcitriol, valrubicin, mithramycin, vinblastine, vinorelbine, topotecan, razoxin, marimastat, COL-
3, neovastat, BMS-275291 | squalamine, endostatin, SUS416, SU6668, EMD121974) interleukin-
12, IMB62, angiostatin, vitaxin, droloxifene, idoxyfene, spironolactone, finastenide, cimitidine,
trastuzumab, dentleukin diftitox, gefitimib, bortezimub, paclitaxel, cremophor-free paclitaxel,
docetaxel, epithilone B, BMS- 247550, BMS-310705, droloxifene, 4-hydroxytamoxifen,
pipendoxitene, ERA-923, arzoxifene, fulvestrant, acolbifene, lasofoxifene, idoxifene, TSE-424,
HMR- 3339, ZK 186619, topotecan, PTRT87/FK 222584, VX-745, P13 184352, rapamycin, 40-0-
(2-hydroxyethvl}-rapamycin, temsirolimus, AP-23573, RADOOL, ABT-5378, BC-210, LY 294002,
LY292223, LY292696, LYZ293684, LY293646, wortmannin, ZM336372, L-779,450, PEG-
filgrastim, darbepoetin, eryvthropoietin, granulocyte colony-stimulating factor, zolendronate,
preduisone, cetuximab, granulocyte macrophage colony-~-stimulating factor, histrelin, pegylated
interferon alfa-2a, mterferon alfa-2a, pegvlated interferon alfa-2b, interferon alfa-2b, azacitidine,
PEG-L-asparaginase, lenalidomide, gemtuzumab, hydrocortisone, interleukin-11, dexrazoxane,
alemtuzumab, all-transretinoic acid, ketoconazole, mterleukin-2, megestrol, immune globubn,
mitrogen  mustard, methylprednisolone, ibrifgumomab  tiuxetan, androgens, decitabine,
hexamethylmelamine, bexarotene, tositumorab, arsenic trioxide, cortisone, editronate, mitotane,
cyclosporine, hposomal daunorubicin, Edwina-asparaginase, strontiumn 89, casopitant, netupitant,
an NE-1 recepior antagomst, palonosetron, aprepitant, diphenhydranine, hydroxyzine,
metoclopramide, lorazepam, alprazolam, haloperidol, droperidol, dronabmol, dexamethasone,
methylprednisolone, prochlorperazine, granisetron, ondansetron, dolasetron,  tropisetron,
pegfilgrastim, erythropoietin, epoetin alfa, darbepoetin alfa, and mixtures thereof In one
embodiment, the anfi-cancer agent 1s selected from the group consisting of abiraterone,
estramusting, docetaxel, ketoconazole, goserehin, histrelin, triptorelin, buserelin, cyproterone,
flutamide, bicalutamide, nilutamide, pamidronate, and zolendronate In one embodiment, the anti-
cancer agent 1s selected from the group consisting of FLT-3 mhibttor, androgen receptor inhibitor,
VEGFHFR inhibitor, EGFR TK inhubitor, aurora kinase inhibitor, PIK-1 modulator, Bel-2 inhibitor,
HDAC inhibstor, ¢-Met inhibitor, PARP inhibitor, CDK 4/6 inhibitor, anti-HGF antibody, IGFR
TK mnhibitor, PI3 kinase inhthitor, AKT inhthitor, JAK/STAT inhibitor, checkpomt 1 inhubitor,
checkpoint 2 inhibitor, focal adhesion kinase inhibitor, Map kinase kinase mhibitor, VEGF trap

antibody, and chemical castration agent.
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{0134} 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, predrisone, abiraterone, enzalutamide, apalutamide, darolutamide,
sipuleucel-T, pembrolizumab, nivelumab, cemiplimab, atezolizumab (Tecentriq), avelumab
{Bavencio), durvalumab (Imfinzi), docetaxel {Taxotere), cabazitaxel (Jeviana), mitoxantrone
(Novantrone), estramustine (Emcyt), docetaxel, ketoconazole, histrelin, triptorelin, buserelin,
cyproterone, flutamide, bicalutanude, nilutamide, pamidronate, and zolendronate.

{0135] Abiraterone acetate is a commercially available drug for the treatment of metastatic
castration-resistant prostate cancer developed by Janssen and sold under the brand vame Zytiga®.
{0136] The articles "a" and "an" are used in this disclosure to refer to one or more than one
{1.e, to at least one} of the graromatical object of the article. By way of example, "an element”
means one element or more than one element.

{3137} The term "and/or” s used m this disclosure to mean either "and" or "or" unless
indicated otherwise,

[0138] The terms "patient” and “subject” are used nterchangeably herein, and refer to a
mammal, €.g., a human, mouse, rat, guinea pig, dog, cat, horse, cow, pig, or non-human primate,

such as a monkey, chimpanzee, baboon or rhesus.

{0139] In one embodiment, the subject 1s a human

{0140} In one embodiment, the subject 15 3 human who has been diagnosed with prostate
cancer.

{0141} In one embodiment, the subject 15 a human who has been diagnosed with metastatic

prostate cancer.

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

{0143} In one embodiment, the subject is a human who has been diagnosed with metastatic,

castrate-resistant prostate cancer.

COMPOUNDS OF THE DPISCLOSURE

49



ARVN-GOT7/001 WO 331216-2140

{0144} In one aspect, the application pertains to a functional or multifunctional compounds
useful for regulating proten activity by inducing the degradation of a target protein. In some
embodiments, the bifunctional compound comprises an H3 ubiquitin ligase binding motety and a
protein targeting moiety, preferably linked through a linker moiety, as otherwise described herein,
wherein the E3 ubiquitin higase binding moiety is coupled to the protein targeting moiety and
wherein the E3 ubiquitin ligase binding moiety recogruzes a ubiquitin pathway protemn {e.g., an
ubiquitin ligase, preferably an E3 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 proxinuty to the ubiquitin hgase, 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

[#145] The CLM recognizes and binds to cereblon, an B3 Ubiguitin Ligase. The PTM 1s 4 small
molecule protein binding motety that binds and recruits an wintracellular target protemn or
polypeptide bringing it into close proximoity 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 herem, the PTM comprises the following chemical

structure:
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{0147} In any of the compounds described herein, the L comprises the following chemical
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{01438} In any of the compounds described herein, the CLM comprises the following chemical

structures:

e
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{0149] In another aspect, the application pertains to a bifunctional compound having the
structure:
ABM-L-CLM,
or a pharmaceutically acceptable salt, solvate, enantiomer, sterecisomer, or isotopic
derivaiive thereof,
wherein:
{(a) ABM is an androgen receptor { AR} binding moiety having the structure:

—~7
(84

(Rn

N
Q° o \O‘
e
O ¢ 3 s
EE— \Y \\Qm/
QJ\\Q,«;’/QS o

4

wherein;

QL @7, G, Q% and Q° are each independently CRY, ot N

@ is 4-0 membered cycleoalkyl, Ce-Cio aryl, 4-6 membered
heterocycloalkyl, or 4-6 membered hetercaryl, wherein the heterocycloalkyl or
hetercarvi comprises -4 heteroatoms;

0% Q7 (3, Q°, and Q' are each independently CR®, or N;

Each R! is independently selected from the group consisting of H,
optionally substituted hinear or branched C-Cs alkyl, cyano, halogen, and
optionally substituted linear or branched C1-Cs alkoxy, wherein the alkyl or alkoxy
group 1s optionally substituted with one or more halo;

Bach R? 15 independently selected from the group consisting of optionally
substituted linear or branched Ci-Cs alkyl, cyano, halogen, and optionally
substituted linear or branched Ci~Cs alkoxy, wherein the alkyl or alkoxy group is
optionally substituted with one or more halo;

Bach RY 15 independently selected from the group consisting of optionally
substituted H, linear or brasched C:i-Cs alkyl, cvavo, halogen, and optionally
substituted linear or branched Ci~Cs alkoxy, wherein the alkyl or alkoxy group is

optionally substituted with one or more halo; and

4
th
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nis0 1,2, 3 ord;

(b} L 1s a chemucal hinking motety having the structure:

wherein:

the ABM is linked to W, and the CLM is linked to Z or
the ABM 1s linked to 2, and the CLM is linked to W,

W is absent or mg"CEC"g"

is 4-7 membered cycloalkyl, 4-7 membered heterocycle, or spiro-
bicvelic heterocycloalkyl, where each ring in the spiro-bicycle 15 4-7 membered;
X 18 -CHo- or absent;

Y 1 -NRS- -0~ or absent;

“ 15 4-7 membered cycloalkyl or 4-7 membered heterocycle;
Z 15 -C(RM-, -NR-, -0-, or absent;
R® is H, linear or branched Ci alkyl, linear or branched Cis alkoxy-Cis

5 5
~;$ ‘)f/,() (;\’j

& ~
& } ;‘i\ > . . - 1'\ . .
bk s § Tindicatesabondto Y, and /  indicates

£

alkyl, or , wherein

abondio "

each R is independently selected from the group consisting of H, linear or
branched Cis allkyl, and linear or branched Cis alkoxy,

pist 2, 3 ord; and

gisi, 2,3, 4, 0r5;

{c} CLM s cereblon E3 ubiquitin ligase hinding motety having the structure:
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NH

Wherein:

"5 Co-Cro aryl, 4-7 membered hetercaryl, or bndged bicyche
cycloalkyl;

?Lu./ 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 (i-Cs alkyl, cvano, halogen, and optionally
substituted linear or branched C1-Cs alkoxy, wherein the alkyi 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 alkyl or alkoxy group is
optionally substituted with one or more halo; and
misG 1,2 3, 0rd

{0150] In another aspect, the application pertains to a compound of Formula (I}

RYm s

(R G P
% N s
ot o H oo
-~ N Q
QZ Y QTO/
3 5
Q\ 4,/?Q O

)

L
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18151} or a pharmaceutically acceptable salt, solvate, enantiomer, steregisomer, or iSotopic
derivaiive thersof,

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 tetramethyleyelobutyl, Q7 is

{0153] In some emwbodiments, the compound of Formula (I} is not N-{4-(3-chloro-4-
cyanophenoxy jeyclohexyi-6-(4-({4-{4-{{2,6-dioxopipendin-3-yearbamoyljphenylipiperazin-1 -
yvimethyipiperidim-1-yhpyndazing-3~carboxamide.

{01 54] In some embodiments, the compound of Formula (1) 15 not

. ¢
YOS ey
\E | = N
-z "éM e
N., &
aevs
) N

{0185} In some embodiments, L 15

wherein:

@ 18 4-7 membered cycloalkyl or 4-7 membered heterocycle;
Y i3 -NR®-, -0~ or absent;

R® 15 H, lingar or branched Cis alkyl, or linear or branched Ciealkoxy; and

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

{0156} In some embodiments, L 18

wherein:

@ is 4-7 membered cycloalkyl or 4-7 membered heterocycle;

7t

8

i
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Y is -NR®- or -0

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

' is 4-7 membered cycloalkyl or 4-7 membered heterocycle.
{0157} In some embodiments, L is
(A Lz
}i& e ~
Wherein:
@ is piperidinyl or morpholinyl;

Y is -NR® or -0-;

. O
R®is 21 or kﬁ?-,\\/ \;

7 15 eyclobutyl; and

Z 15 -0-.

{8138} In some embodiments, L 1

Wherein:
. 15 pipenidinyl or morpholinyi; and

7 15 piperazinyl.

{0159} In some embodiments, @ is piperichnyl

{8166} In some embodiments, the compound 1s a compound of Formula (ib):

e
\D
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{B%n
Q7/Q;\YO\\{<:!.>/K
W
clJS QS

\Q;{}

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

{0161} In some embodiments, the compound 1s a compound of Formula (Ic):

{F 2 \ [l @)
\? m QG{"{’ \ s
RS LS NH
Q! 0 gj
n?&/’ " e O
?s
Q3 / fe 5
R ©
(1e),

wherein all variables are as defined herein

{8162} In some embodiments, Q'-( are each CR!. In some embodiments, between 1-3 of Q-
(7 1s N. In some embodiments, exactly 1 of Q1-Q7 is N. Tn some embodiments, exactly 2 of Q1-°
is N. In some ermbodiments, exactly 3 of Q-Q° s N.

0163}  Insome embodiments, Q%' are each CRY In some embodiments, between 1-3 of Q°-
Q' 15 N. In some embodiments, exactly 1 of Q%0 is N. In some embodiments, exactly 2 of Q%
0!% is N. In some embodiments, exactly 3 of Q%Q'% is N.

[0164]  In some embodiments, Q' is CH, Q% is C(CH3), Q° 1s T{CNY, @ 1s C(CH3), and Q7 is
CH.

{8165] in some embodiments, Q! is CH, Q% is C{OCH), Q7 is C{CNY, Q*is CH, and Q% is CHL
{0166} In some embodiments, Q' s CH, Q% is C(C1), @7 s C(CN), @ is CH, and ¥ is CH
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{0167} In some embodiments, R'is selected from the group consisting of CN and CHs. 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 ClL In some embodiments, at least one R1 is

CFs.

$168 In some embodiments “ 15 4-6 membered cvcloalkyl. In some embodiments,
> pe o

is cyclobutyl or cyclohexyl In some embodiments, is cyclobutyl In some

ernbodiments, 15 cyclopentyl In some emboduments, M i cyclohexyl.

{B169] In some emboduments, n1s 0. In some ernbodiments, ni1s 1. Tn some embodiments, nis
2. In some embodiments, n is 3. In some embodiments, n s 4.

10178} In some embodiments, R? 15 lingar or branched C1-Cs alkyl In some embodiments, R? is
methyl. In some embodiments, R? is ethyl In some embodiments, R? is propyvl In some
embodiments, R? 1s 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. Tn some embodiments, R? is

pentyl In some embodiments, R? is hexyl.

{6171} In some embodiments, 15 phenvl, pyridinyl, pyndazinyl, pyninudinyl, or

pyrazinyl. In some embodiments, .n phenyl In some embodiments, ®1w pyridinyl. In

some embodiments, ®is pyridazinyl. In some embodiments,

embodiments, . is pyrazinyl.

[0172] In some embodiments, each R* 15 independently selected from the group consisting of

is pyrimidinyl. In some

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

embodiments, mis 1. In some embodiments, m 18 2.
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{8174} In one aspect, the application pertains to 3 compound of Formula (Id):

(R¥ym RS
(2n ©
N
H
N ¢
O
{Id),
wherein all variables are as defined herein.
{8175} In one aspect, the application pertains to a compound of Formula (Te):
{RHm RS
Rn @
NH
. &
(Ie},
wherein all variables are as defined herein.
[#176] In one aspect, the application pertains to a compound of Formoula (If):
(R%n
Q! Oy,
Qg/ \\\\(’ e, o
, . NH
()J o°
.. {;)
0 o

(if},

wherein all variables are as defined herein.

62



ARVN-00T/001 WO 331216-2140

{8177} In one aspect, the application pertains to 3 compound of Formula (Ig):

(Rén
al Gy, e, . o)
o (7 Q £
Q:”' "\ se, Qa,,;fr \Q3 \
- N [ 3 NH
; . / fi \ \
~— 4%,& N \ /Q . < y &
¢ Q10
o}
{ig),
wherein all variables are as defined herein.
{8178} In one aspect, the application pertains to a compound of Formula (Th):
) o
(R3n /
,,_"»gw-“"“i- NH
\\ &
G
{Th),
wherein all variables are as defined herein.
{3179] In one aspect, the application pertains to 3 compound of Formula (h):
{(RYm Rs
o
) Nk
52y Q
{R“in Q")/ \ 5 4
L.
Q \Qw/
o
{11,

wherein all variables are as defined herein.

o
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{0180} In one aspect, the application pertains fo a compound of Formula ()

ROHm 25
e
NH
R
[¢]
H
N
[&]
{ip,
wherein all variables are as defined herein.
[0181] In one aspect, the application pertains to a compound of Formula (Ik}:
A _
(R2)n (R im Rb
o
o) Oy,
~ 2
o 2 \Y !1,,’ N
EE H o]
o3 as
~. 4»;/’\“ /
Q N

v,
wherein all variables are as defined herein.

{8182} In one aspect, the application pertains to a compound of Formula (B}

(R%n
ol
2 /k\\ ()i/l'f,l"
Lol
| H
Qi =0 N
\Q4/

Q
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(i,
wherein all variables are as defined herein.

{0183} In one aspect, the application pertains to 3 compound of Formula (Im):

(R%n
Q! C H
N
92/ S
G \Qa ,’.{,‘Q

{Im),

wherein all variables are as defined herein.

{0184} In one aspect, the application pertains to a compound of Formula (Io}:

R
(R Q N o
\5 QE{/” \QS
”“”‘H‘"‘L NH

H

N o K
Q \Q“’/ © °

o
(i),

wherein all variables are as defined herein.

{0185] In one aspect, the applhication pertains to 3 compound of Formula (Ip):

o3
h
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(R%n DG,;Q' : S ©
} & NH
N \ N ¢ \ &
Q']O
s)
(o),
wherein all variables are as defined herein.
{#186] In one aspect, the application pertains to a compound of Formula (Ig):
(R%n
{(RYm RS
e

1
G \Y Of;/,h"

Qz/
ol L s NH
I e u N\

o » -

{Ip},
wherein all vanables are as defined herein.

{8187} In one aspect, the application pertans to a compound of Formuala (Ir):

(R%n

Q! Oy, 7 N ¢
e ity Q
a2 Ry s, QB{} \(’,}5
ii H #_»..:-%MML S NH
£
o a® \\// \\\\
~. S N \ /Q 8] G

(tq),
wherein all variables are as defined herein.

{0188} In one aspect, the application pertains to a compound of Formula (Is):
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Bhm

NH

{Ir},
wherein all variables are as defined herein.

{0189} In ancther aspect, the application pertains to a compound, wherein the compound s
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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 obtaimed 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 iclude: South, ML.B.; March, J. March’s Advanced Organic Chenustry: Reactions,
Mechanisis, and Structure, 5% ed.; John Wiley & Sons: New York, 2001; and Greene, TW.;
Wuts, P.G. M. Protective Groups in Organic Synthesis, 3%, John Wiley & Sons: New York, 1999.
The synthetic 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.
{0191} In one embodiment, the compounds of the disclosure may be prepared according to the
procedures and methods disclosed herein, including, for example, where indicated 1 Table 1.
Other bifunctional compounds of the disclosure can be prepared using sirodar methods from
common intermediates or derivatives thereof.

[0192] TABLE T, SYNTHETIC ROUTES TO PREPARE VARIOUS COMPOUNDS OF THE DISCLOSURE

87



Compound No.

Synthetic Route

I Example 3
3 Example 4
4 FIG 2
5 Example 5
g FIG 3
14 Example &
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 16
38 Example 17
39 Example 18
40 Example 19
41 Example 20
43 and 44 Exarople 21

48 and 49

Example 22
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o4 Example 23
70 Example 24

METHODS OF UBIQUITINATING/DEGRADING A TARGET PROTEIN IN A CELL

{6193} The present disclosure provides a method of ubiquitinating/degrading a target protein
in a cell. The method comprises admumstering a bifunctional composition comprising an E3
ubiquitin ligase binding moiety and a protein targeting motety, preferably linked through a hinker
moiety, as otherwise described herein, wherein the E3 ubiquitin ligase binding moiety 15 coupled
to the protein targeting moiety and wherein the E3 ubiquitin ligase hinding moiety recognizes a
ubiquitin pathway protein {e g., an ubiquitin ligase, preferably an E3 ubiquitin ligase) and the
protein fargeting moiety recognizes the target protein such that degradation of the target protein
will occur when the target protein 1s placed in proximity to the ubiquitin higase, thus resulting in
degradation/mhubition of the effects of the target protein and the control of protein 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 protein
the cells of a patient.

[3194] In one aspect, this apphcation provides a compound of Formula (I}, or a
pharmaceutically acceptable salt, enantiomer, sterecisomer, solvate, polymorph, isotopic
detivative, or prodrug thereof, that degrades the androgen receptor {AR) protein. In one
embodiment, the AR that 1s degraded by the compound of Formula (I} 1s wild type AR, In one
embodiment, the AR that is degraded by the compound of Formula (1) 15 a mutant form of AR
{0195] In one embodiment, the mutant form of AR that 3 degraded by the compound of
Formula (I} comprises at least one AR somatic tumor mutation. In one embodiment, the at least
one somatic AR tumor mutation is selected from L702H, MBOSV, M&90Y, TR78A, FR77L, and
HE75Y.

{0196] In one embodiment, the mutant form of AR that 5 degraded by the compound of
Formula (I} comprises at least two AR somatic tumor mutations. In one embodiment, the at least
two somatic AR tumor mutation are selected from L702H, MB93V, MEooY, T873A, FE77L, and
HE75Y

{0197} In one embodiment, the present disclosure is directed to a method of treating a patient

in need for a disease state or condition modulated through a protein where the degradation of that
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protein will produce a therapeutic effect in that patient, the method comprising admmistering to a
patient in need an effective amount of a compound of Formula (), optionally in combination with
another anti-cancer agent. The disease state or condition may be a disease caused by a microbial
agent or other exogenous agent such as a virus, bactena, 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] In one aspect, the present application pertains 1o a method of treating and/or preventing
cancer comprising administering to a subject in need thereof a therapeutically effective amount of
a compound of Forrmoula (I}, or a pharmaceutically acceptable salt, enantiomer, sterecisomer,
solvate, polymorph, isotopic derivative, or prodrug thereof, m combination with one or more
additional anti-cancer agents.

[0200] The methods of treating cancer described herein result i a reduction n tumor size.
Alternatively, or 1n addition, the cancer 1s metastatic cancer and this method of treatment mmclades

inhibition of metastatic cancer cell mvasion.

{6201} In one embodiment, the cancer 15 prostate cancer.
[0202] In one embodiment, the cancer 1s metastatic prostate cancer.
{6203} In one embodiment, the cancer 13 castrate~-resistant prostate cancer.

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

{02035} In one embodiment, the subject suffering from prostate cancer {e.g., mCRP{C) will have
a different response 1o treatment with a compound of the disclosure or a pharmaceutically
acceptable salt, enantiomer, steresisomer, soivate, polymorph, isotopic derivative, or prodrug
thereof, depending on the AR biomarker status of the subject, 7.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.

{0208} In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of L702H.

{0209} In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of M89S,

{0210} 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,

{0212] In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of Mi896V.

{0213] In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of TR78,

{0214] In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of TR78A.

{0215] In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of F877.

{0216] In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of F877L.

{0217} In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of H87S.

{6218} In one embodiment, the subject with prostate cancer comprises at least the somatic AR
tumor mutation of HR7S5Y.

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

{0226] 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, stereoisomer, solvate, or isotopic denvative
thereof

{0221} In one aspect, the application pertains t¢ treating 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 15 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 1n a reduction m size of a tumor. A reduction in
size of a tumor may also be referred to as "tumor regression.” Preferably, after treatroent, tumor

size 15 reduced by 5% or greater relative to 1ts size prior to treatment; more preferably, tumor size
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15 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 in 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 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% or greater. Tumor volume may be measured by any reproducible means of measurement.
[224] In another aspect, treating cancer results in a decrease in nurober of tumors. Preferably,
after treatroent, tumor number s reduced by 5% or greater relative to number prior to treatment;
more preferably, tumor 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, nurnber of tumors mway be measured by counting turmors visible to the naked eye
or at a specified magnification. Ina preferred aspect, the specified magnification 1s 2x, 3x, 4x, 5x,
10x%, or 30x.

{0225] In another aspect, treating cancer results in a decrease m number of metastatic lesions
i other tissues or organs distant from the primary tumor site. Preferably, after treatment, the
number of metastatic lesions 15 reduced by 5% or greater relative to number prior to treatment;
more preferably, the nomber of metastatic lesions 18 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. In a

preferred aspect, the specified magnification 18 2%, 3x, 4x, 5x, 10x, or 50x.
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{0226} In another aspect, treating cancer results in an increase n average survival time of a
population of treated subjects in comparison 0 a population receiving carrier alone. Preferably,
the average survival time 15 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. 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 i 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.

[0237] 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 untreated subjects. Preferably, the
average survival time 1s mncereased 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 m average survival time of a population may be measured by
calculating for a population the average length of survival following titiation of treatment with
an active agent or compound of the disclosure. In another preferred aspect, an increase in average
survival fime of a population may be measured by calculating for a population the average length
of survival following completion of a first round of treatment with a compound of the disclosure,
{6228} In another aspect, treating cancer results in a decrease m tumor growth rate. Preferably,
after treatment, tumor growth rate is reduced by at least 5% relative to growth rate prior to
treatment; more preferably, tumor growth rate 1s 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 growih rate may be measured by any
reproducible means of measurement.  In a preferred aspect, tumor growth rate 1s measured
according to a change in tumor diameter per unit time.

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

after treatment, tumor regrowth 1s less than 3%, more preferably, tumor regrowth s 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 s indicated by failure of tumors to reoccur after treatment has stopped.

{0230} 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
admirustered one or more tirnes over a day for up to 30 or more days, followed by 1 or more days
of non~admunstration of the compound. This type of treatment schedule, e, admmnistration of a
the compound of the disclosure on consecutive days followed by non-adnumstration of the
compound on consecutive days may be referred to as a treatment cycle. A treatroent cycle may be
repeated as many times as necessary to achieve the intended affect.

[0232] In one embodiment, the therapeutically effective amount of the compound of the
disclosure is 0.01,0.05,0.1,0.2, 03,04, 05,06, 0.7,08,05 1,15 2. 25,3,35,4, 45,555,
6,65,7.7.5 8 85,9,05, 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, 8O,
81, 82, 83, B4, 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,
240, 245, 250, 255, 260, 265, 270, 275, 280, 285, 290, 295, 300, 305, 310,
335, 340, 345, 350, 355, 360, 365, 370, 375, 380, 385, 390, 395, 400, 405,
430, 435, 440, 445, 450, 455, 460, 465, 470, 475, 480, 485, 490, 495, 500,
535, 540, 545, 550, 555, 560, 565, 570, 575, 580, 585, 590, 595,
600, 605, 610, 615, 620, 625, 630, 635, 640, 645, 6 0, 665, 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, 825, 830, 835, 840, 845, 850, 855, 860, 865, 870, 875, 880,
885, 890, 895, 900, 905, 910, 915, 920, 925, 930, 935, 940, 945, 930, 9SS, 960, 965, 970, 975
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980, 983, 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,
twenty, twenty-five, thirty consecutive days, of, once, twice, three times, four times, or more daily,
i single or divided doses, for 2 months, 3 months, 4 months, 5 months, 6 months, or longer.

{0233} In one embodiment, the therapeutically effective amount of the compound of the
disclosure 1s about 10 to about 40 myg, 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 o about 100 mg,
about 80 to about 110 mg, about 90 to about 120 mg, about 100 to about 130 mg, about 110 to
about 140 mg, about 120 to about 130 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 to
about 280 my, about 260 to about 290 mg, about 270 to about 300 myg, 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 to
about 420 mg, about 400 to about 430 mg, about 410 to about 440 mg, about 420 to about 450 mg,
about 430 to about 460 mg, about 440 to about 470 mg, about 430 to about 480 mg, about 460 to
about 490 mg, about 470 to about 500 mg, about 480 o about 510 mg, about 490 to about 520 mg,
about 500 to about 530 mg, about 510 o about 5S40 mg, about 520 to about S50 mg, about 530 to
about 560 mg, about 540 to about 570 mg, about 550 1o about 580 mg, about 560 to about 590 mg,
about 570 to about 600 mg, about 580 o about 610 mg, about 590 to about 620 mg, about 600 to
about 630 mg, about 610 to about 640 mg, about 620 1o about 650 mg, about 630 to about 660 mg,

about 640 to about 670 me

&0

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

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 me

&0

about 790 to about 820 mg, about 800 to about 830 mg, about 10 to
about 840 mg, about 820 to about 850 mg, about 830 to about 860 mg, about 840 to about 870 mg,

about 850 to about 880 me

&0

about 860 to about 890 mg, about 870 to about 900 mg, about 880 to

about 910 mg, about §90 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 me

&0

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).

{0234} In one embodiment, the therapeutically effective amount of the compound of the
disclosure is about 70 mg to about 1000 myg 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 mv, and/or age in years).

[0235] In one embodiment, the therapeutically effective amount of the compound of the
disclosure is about 70 myg, 105 mg, 140 mg, 175 mg, 210 mg, 245 mg, 280 mg, 315 mg, 350 mg,
385 mg, 420 mg, 455 mg, 490 mg, 325 mg, 560 mg, 595 mg, 630 mg, 665 myg, or 700 mg
administered once, twice, three tirnes, four times, or more daily 1n 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).
[0236] The therapeutically effective amount of the compound of the disclosure can also range
from about 0.01 mg/kg per day to about 100 mog/kg per day. In an aspect, 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 effective amount of the compound of the disclosure
can range trom about 0.075 mg/kg per day to about 5 me/kg per day. Inan aspect, therapeutically
effective amount of the compound of the disclosure can range from about 0.10 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.

{0237} 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 0.45 mg/ke per day, about 0.50 mg/kg per day, about 0.55 mg/kg per day, about 0.60
mg/ke per day, about 0.65 mg/kg per day, about 0.70 mg/kg per day, about 0.75 mg/kg 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 me/kg per day.

{0238] 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/kg per day, about 1.15 mg/ke per day, about

1.20 mg/kg per day, about 1.25 mg/kg per day, about 1.30 mg/kg per day, about 1.35 myg/kg per
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day, about 1 40 mo/kg per day, about 1.45 mg/kg per day, about 1.50 mg/kg per day, about 1.55
mg/kg per day, about 1.60 mg/kg per day, about 1.65 meg/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/kyg
per day, about 1.95 mg/kg per day, or about 2.00 mg/kg per day.

{0239} 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/kg per day, about 3.5
mg/ke per day, about 4 mg/kg per day, about 4 S mg/ke per day, about 3 mg/kg per day, about 5.5
mg/kg per day, about 6 mg/kg 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/kg per day, about 9.0 mg/kg per day, about
9.5 mg/kg per day, or about 10 mg/kg per day.

{0240} In one embodiment, the therapeutically effective amount of the compound of the
disclosure 1s admunstered to the subject once daily. In one embodiment, this daily dose of a
compound of the coropound of the disclosure may adnunistered to the subject all at once. Tn ove
embodiment, thus daily dose of the compound of the disclosure may admumstered to the subject in
two portions {i.e, a divided dose). In one embodiment, this daily dose of the compound of the
disclosure may admunstered to the subject in three divided doses. o one embodiment, ths daily
dose of the compound of the disclosure may administered to the subject in 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, gic.

{0241} The therapeutically effective amount of the compound of the disclosure can be
estimated mtially either 1n cell culture assays or 1 anumal models, usually rats, mice, rabbits,
dogs, or pigs. The animal model may also be used to determine the appropnate concentration
range and route of adminustration. Such mformation can then be used to determine useful doses
and routes for administration in humans. Therapeutic/prophviactic efficacy and toxicity may be
determined by standard pharmaceutical procedures n cell cultures or experimental animals, eg.,
ED50 (the dose therapeutically effective in 50% of the population) and LI5S0 (the dose lethal to
50% of the population). The dose ratio between toxic and therapeutic effects is the therapeutic

index, and it can be expressed as the ratio, EDSO/EDSO. 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 subject, age, weight, and gender of the
subject, diet, time and frequency of administration, 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.

{0243] 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 13 described herein, and the therapeutically effective
arpount of the anti-cancer agent 15 0.01, 0.05,0.1,0.2,03,04,05, 06,07, 08 09,1, 1.5 2, 2.5,
3,354, 45,5 55,6,65,7,75 8,885,995 10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24,25, 26, 27,28, 29, 30, 31, 372, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,

mmmmmm

S

49, 50, 51,
6,77, 78,79, 80, 81, 82, 83, B4, 85, 86, 87, 88, 89, 90, 01, 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,
293, 300, 305, 310, 315, 320, 325, 330, 335, 340, 345, 350, 355, 360, 365, 370, 375, 380, 385,

395, 400, 405, 410, 415, 420, 425, 430, 435, 440, 445, 450, 455, 460, 465, 470, 475, 480,
485, 490, 495, 500, 505, 510, 515, 520, 525, 530, 535, 540, 545, 550, 555, 560, 565, 570, 575,
585, 590, 595, 600, 605, 610, 615, 620, 625, 630, 635, 640, 645, 650, 655, 660, 665, 670,
675, 680, 685, 690, 695, 700, 705, 710, 715, 720, 725, 730, 735, 740, 745, 750, 755, 760, 765,

2. 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, Ti, 72, 73, 74,

i

75

-3

B

j¥

[

2

), 775, 780, 785, 790, 795, 800, 805, 810, 815, 820, 825, 830, 835, 840, 845, 850, 8§55, 86D,
863, 870, 875, 880, 885, 890, 895, 900, 905, 910, 915, 920, 925, 930, 935, 940, 945, 950, 955,
960, 965, 970, 975, 980, 985, 990, 995, or 1,000 mg administered once, twice, three times, four
umes, or more daily 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, i single or divided doses, for 2 months, 3 months, 4 months, 5 months, 6 months, or

ionger.
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{0244} In one embodiment, for the methods of treating prostate cancer with the combination
of the compound of the disclosure and abiraterone, or a pharmaceutically acceptable salt thereof,
the therapeuiically effective amount of the compound of the disclosure is described herein, and the
therapeutically effective amount of abiraterone, or a pharmaceutically accepiable salt thereof, is
0.01,005, 01,02 03,04, 05,06, 07 08 09 1.152.25,3,3.54,45,5,55.6,65,7.75,
8 850,95 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,
S8, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, TV, 72,73, 74,75, 76, 77,78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, §9, 90, 01, 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, 3535, 360, 365, 370, 375, 380, 385, 390, 395, 400, 405, 410, 415,
420, 425, 430, 435, 440, 445, 450, 455, 460, 465, 470, 475, 480, 485, 490, 495, 300, 505, 510,
S15, 5320, 525, 330, 53: 58 , 565, 570, 575, 580, 58S, 390, 595, 600, 603
610, 615, 620, 625, 630, 635, 640, 645, 650, 655, 660, 665, 670, 675, 680, 685, 690, 695, 700,
T05, 710, 715, 726G, 725, 730, 735, 740, 745, 750, 735, 760, 765, 770, 775, 780, 78S, 790, 795,
800, 805, §10, 815, 820, 825, 830, 835, 840, 845, 850, 855, 860, 865, 870, 875, §80, 885, §90,
89S, 900, 905, 910, 915, 920, 925, 930, 935, 940, 945, 950, 955, 960, 965, 970, 975, 980, 985,

5

990, 995, or 1,000 mg admunstered 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, thurty
consecutive days, or, once, twice, three times, four times, or more daily, in single or divided doses,
for 2 months, 3 months, 4 mounths, 5 months, 6 months, or longer. In one embodiment, the
abiraterone i3 abiraterone acetate.

{0245} In one embodiment, for the methods of treating prostate cancer with the combination
of the compound of the disclosure and aluraterone acetate, the therapeutically effective amount of
the compound of the disclosure is described herein, and the therapeutically effective amount of
abiraterone acetate is 1,000 mg admunistered orally once daily for one, two, three, four, five, six,
seven, eight, ning, ten, eleven, twelve, thirteen, fourteen, fiftesn, twenty, twenty-five, thirty, or
more consecutive days, in single or divided doses. In one embodiment, the abiraterone acetate s
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

126



ARVN-00T/001 WO 331216-2140

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 ai least one howr after, the administration of the
combination of the compound of the disclosure and abiraterone acetate.

{0246} 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.

{0247} In one embodiment, the compound of the disclosure and the anti-cancer agent are
administered to the subject in temporal proximity.

{0248} In some embodiments, “temporal proxinuty” means that admimstration 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 proximity” means that admmistration of the compound
of the disclosure occurs withun a time period before or after the admimistration of anti-cancer agent,
such that there s a synergistic effect between the corvpound of the disclosure and the anti-cancer
agent. In one embodiment, the anti-cancer agent 13 abiraterone acetaie,

[0249] “Temporal proximity” may vary according to various factors, including but not lioited
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 adomumstered; the disease or
condition to be treated or ameliorated; the therapeutic outcome to be achigved; the dosage, dosing
frequency, and dosing duration of the therapeutic agents; the pharmacokingtics and
pharmacodynamics of the therapeutic agents; and the route(s) through which the therapeutic agents
are administered. In some embodiments, “temporal proximity” means within 15 minutes, within
30 minutes, within an hour, within two hours, within four hours, within siox 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, multipie admimstration
of one therapeutic agent can occur in temporal proximity to a single admimstration of another
therapeutic agent. In some embodiments, temporal proximity may change during a treatment cycle

or within a dosing regimen.

121



ARVN-00T/001 WO 331216-2140

PHARMACEUTICAL COMPOSITIONS

{0256] 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.

{8251} In one embodiment, the emulsifier s hypromellose.

[0252] In one embodiment, the surfactant is vitamin E polvethylene 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 monohydrate, sucrose, glucose, and
sorbitol.

[0254] In one embodiment, the disintegrant is croscarmeliose sodium.

[3255] In one erobodiment, the ghdant refers to a substance used to promote powder flow by
reducing mterparticle cohesion. In one embodiment, 1o the dosage forms of the disclosure, the
glidant 15 selected from the group consisting of silicon dioxide, silica collowdal anhydrous, starch,
and talc.

[3256] In one embodiment, the lubricant refers to a substance that prevents ingredients from
sticking and/or clumping together in the machines used in preparation of the dosage forms of the
disclosure. In one embodiment, 1o the dosage forms of the disclosure, the lubricant 15 selected
from the group consisting of magnesium stearate, sodium stearyl fumarate, stearic acid, and
vegetable stearin,

{0257} The pharmaceutical compositions contaming the compound of the disclosure may be
manufactured i 3 manner that 15 generlly known, eg., by means of conventional mixing,
dissolving, granulating, dragee-making, levigating, emulsifymg, encapsulating, entrapping, or
lyophilizing 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 mto preparations that can be used
pharmaceutically. Of course, the appropriate formulation i1s dependent upon the route of
administration chosen,

{0258] Pharmaceutical compositions suitable for ijectable use include sterile aqueous
solutions {where water soluble} or dispersions and sterile powders for the extemporansous

preparation of sterile injectable solutions or dispersion. For mntravenous adnunistration, suitable
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carrters include physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany,
N.J.} or phosphate buffered saline (PBX). In all cases, the composttion must be stertle 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 against the contamnating action  of
microorganisms such as bactenia and fungi. The carrer can be a solvent or dispersion medium
contaimng, for example, water, ethanol, polyol {for example, glyvcerol, propylene glyeol, and liguid
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 m 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, chlorobutanol, phenol, ascorbic acid, thimerosal, and the fike. In many cases,
it will be preferable to include isotonic agents, for example, sugars, polyalcohols such as mannitol,
sorbitol, sodium chioride in the composition. 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,

{0259} Sterile injectable solutions can be prepared by ncorporating the compound of the
disclosure in the required amount in an appropriate solvent with one or a combination of
ingredients 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. In the case of sterile powders for the preparation of sterile injectable solutions, methods of
preparation are vacuum drying and freeze-drying that yields a powder of the active mgredient plus
any additional desived ingredient from a previously sterile-filtered solution thereof,

{0260] Oral compositions generally 1oclude an inert diluent or an edible pharmaceutically
acceptable carrier. They can be enclosed 1o gelatin capsules or compressed mnto tablets. For the
purpose of oral therapeutic admnstration, the compound of the disclosure can be mcorporated
with excipients and used in the form of tablets, roches, or capsules. Oral compositions can also
be prepared using a fluid carrier for use as a mouthwash, wherein the agent or compound m the
fluid carmer 15 applied orally and swished and expectorated or swallowed. Pharmaceutically
compatible binding agents, and/or adjuvant materials can be mcluded as part of the compostition.

The tablets, pills, capsules, troches and the like can contam any of the following mgredients, 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 lactose, a disintegrating agent such as alginic acid, Primogel,
or corn starch; a lubricant such as magnestum stearate; a ghidant such as colloidal silicon dioxade;
a sweetening agent such as sucrose or saccharin, or a flavoring agent such as peppermint, methyl
salicylate, or orange flavoring.

{0261] For administration 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.

{0262} Systemic administration can also be by transmucosal or transdermal means. For
transmucosal or transdermal administration, 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 adnumistration can be accomplished through the use of nasal sprays or supposiiories.
For transdermoal administration, the active agents or compounds are formulated into ointments,
salves, gels, or creams as generally known n the art.

[3263] In one aspect, the compound of the disclosure 15 prepared with pharmaceutically
acceptable carriers that will protect the agent or compound against rapid elinunation from the body,
such as a controlled release formulation, including moplants and microencapsulated delivery
svstems.  Biodegradable, biocompatible polymers can be used, such as ethvlene vinyl acetate,
polyanhydrides, polyglveolic acid, coliagen, polyorthoesters, and polylactic 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 Pharmaceoticals, Inc. Liposomal
suspensions {including liposomes targeted to nfected cells with monoclonal anttbodies to viral
antigens} can also be used as pharmaceutically acceptable carriers. These can be prepared
according to methods known to those skilled 1n the art, for example, as described in U.S. Pat. No.
4522 811.

{0264] it is especially advantageous to formulate oral or parenteral compositions in dosage
umit form for ease of administration and uniformuty 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 in association with the required pharmaceutical carrier. The specification for
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the dosage umit 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 1n a container, pack, or dispenser
together with instructions for administration.

[0266] fHustrative modes of administration for the compound of the disclosure includes
systemic or local administration such as oral, nasal, parenteral, transdermal, subcutaneous, vaginal,
buccal, rectal or topical adminustration modes. In one embodiment, the compound of the disclosure
15 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} HHustrative pharmaceutical compositions 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 hydrogenated or partially hydrogenated
vegetable oil, or mixtures thereof, corn oil, olive o1, sunflower otl, safflower od, fish ods, such as
EPA or DHA, or their esters or triglycenides or nmuxtures thereof, omega-3 fatty acids or derivatives
thereof, lactose, dextrose, sucrose, mannitol, sorbitol, celiulose, sodium, saccharnn, glucose and/or
glycine; by a lubricant, e.g., silica, talcum, stearic acid, s magnesium or calcium salt, sodium
oleate, sodium stearate, magnesium stearate, sodiurn benzoate, sodiurn acetate, sodium chlonde
and/or polyethylene glycol; for tablets also; ¢} a binder, e g., magnesium aluminum sibicate, starch
paste, gelatin, tragacanth, wmethylcellulose, sodium carboxymethylcellulose, magnesium
carbonate, natural sugars such as glucose or beta-lactose, corn sweeteners, natural and syuathetic
gums such as acacia, tragacanth or sodium alginate, waxes and/or polyvinvipyrrolidone, if desired,
d) a disitegrant, e.g., starches, agar, methyl cellulose, bentonite, xanthan gum, algic acid or is
sodium salt, or effervescent mixtures, e} absorbent, colorant, flavorant and sweetener; f} an
emulsifier or dispersing agent, such as Tween 80, Labrasol, HPMC, DOSK caproyl 909, labrafac,
labrafil, peceol, transcutol, capmul MCM, capmul PG-12, captex 355, gelucire, vitamin E TGPS
or other acceptable emulsifier; and/or g} an agent that enhances absorption of the salt such as
cyclodextrin, hydroxypropyl-cyclodextrin, PEG400, and/or PEG200.

{0268] For preparing pharmaceutical compositions from the compound of the disclosure, or a
salt or hydrate thereof, inert, pharmaceutically acceptable carriers can be erther solid or hquid.

Solid form preparations include powders, tablets, dispersible granules, capsules, cachets and

125



ARVN-00T/001 WO 331216-2140

suppositories. The powders and tablets may be comprised of from about 5 to about 95 percent
active ingredient. Suitable sohid carriers are known in the art, e g, magnesium carbonate,
magnesium stearate, talc, sugar or lactose. Tableis, powders, cachets and capsules can be used as
sofid dosage forms suitable for oral admmistration. Examples of pharmaceutically acceptable
carriers and methods of manufacture for various compositions may be found in A, Gennaro (ed.),
Remington's Pharmaceutical Sciences, 18th Edition, (1990}, Mack Publishing Co., Haston, Pa.
{0269} Ligquid form preparations include solutions, suspensions and emulsions. For example,
water or water-propylene glycol solutions for parenteral injection or addition of sweeteners and
opacifiers for oral solutions, suspensions and emulsions. Liguid form preparations may also
mclude solutions for intranasal administration.

{0270} Liquid, particularly injectable, compositions can, for example, be prepared by
dissolution, dispersion, ete. For example, the disclosed salt 15 dissolved i or mixed with a
pharmaceutically acceptable solvent such as, for example, water, salive, aqgueous dextrose,
glycerol, ethanol, and the hke, to thereby form an injectable 1sotonic solution or suspension.
Proteins such as albumin, chylomicron particles, or serum proteins can be used to solubilize the
disclosed compounds.

{0271} Parental mjectable administration s generally used for subcutaneous, intramuscular or
intravenous mjections and infusions. Injectables can be prepared in conventional forrs, either as
huad solutions or suspensions or sohid forms sutable for dissolving 1 hiquid prior to mjection.
[0272] Aerosol preparations suitable for inhalation may include solutions and solids 1 powder
form, which may be m combination with 3 pharmaceutically acceptable carrier, such as an mert
compressed gas, e.g., nifrogen.

{0273] Also included are solid form preparations that are ntended to be converted, shortly
before use, to liquid form preparations for either oral or parenteral administration. Such hiquid
forms include solutions, suspensions and emufsions.

{0274} Depending on the intended mode of administration, the disclosed compositions can be
m solid, semi-solid or liquid dosage form, such as, for example, injectables, tablets, suppositories,
pills, time-release capsules, elixirs, tinctures, emulsions, syrups, powders, hiquids, suspensions, or
the like, sometimes 1n umt dosages and consistent with conventional pharmaceutical practices.

Likewise, they can also be administered in mtravenous {(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 composttions can be prepared according to conventional mixing,
eranulating or coating methods, respectively, and the present pharmaceutical compositions can
comtain 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.

{0276} The pharmaceutical compositions containing the compound of the disclosure may
further comprising one or more additional anti-cancer agents, including any of those disclosed
herein.

{0277} All 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
[0278] The disclosure 1s further llustrated by the following examples, which are not to be
construed as hiroting this disclosure 1o scope or spirit to the specific procedures heremn described.
It 1s to be understood that the examples are provided to tlustrate certain ernbodiments and that no
fimitation to the scope of the disclosure 13 intended thereby. It 15 to be further understood that resort
may be had to various other embodiments, modifications, and equivalents thereof which may
suggest themselves to those skilled 10 the art without departing from the spirit of the present
disclosure and/or scope of the appended clams.
[0279] Abbreviations:

ACN: acetonitrile

ADDP: 1,1 -{azodicarbonylidipiperidine

BAST: N N-bis(2-methoxyethyhaminosulfur trifluoride

Binap: 2,2 -bis{diphenylphosphino)-1,1" -binaphthyi

Boc: rert-butoxycarbonyl

BPO: benzoyl peroxide

Cbz: Carbonylbezyloxy

DAST: diethylaminosulfur trifluonde

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

DBCM: dichloromethane

DEAD: diethyl azodicarboxylate

PHAD: dusopropyl azodicarboxylate

DIBAL: disiobutylaluminium hydride

DIEA or DIPEA: dusopropylethylamine

DMA: N N-dimethylacetamide

DMEF: N N-dimethylformamide

DMP: Dess-Martin periodinane

DMSO: Dimethylsulfoxide

EA: ethyl acetate

EDCL t-ethyl-3-(3-dimethylamunopropyhearbodiimude

HATU: {-[bis{(dimethylaminoymethylene]-1H~1,2 3-triazolo[4, 5-blpyridinium 3-oxide
hexafluorophosphate

HBTU: NN NN -tetramethy]-0-(1 H-benzotniazol-1 ~yhuronium hexafluorophosphate
HMDS: bis{(trimethylsilyamine

HOBt hydroxybenzotniazole

HPLC: High Performance Liquid Chromatography

HMPA: hexamethylphosphoramide

LDA: Bithium dusopropylamide

LOMS: Ligund Chromatography — Mass Spectrometry

MUPBA: meta-chloroperoxybenzoic acid

Ms{Cl methanesolfonyl chlonde

M.W: microwave

NBS: N-bromosuccinimide

NMM: N-methylmorpholine

NMP: N-methylpyrrolidone

PCC: pyndinum chlorochromate

Pd-118 or Pd{dtphHyCla: 1,1 -bus{di-tert-butylphosphino)ferrocens dichloropalladium
Pd{dppHHCh: 1,17-bis{diphenylphosphinoiterrocene dichlorepalladium

Pd(dba)2: bis{dibenzylideneacetone}palladium
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Pda{dba)s: Tris{dibenzvlidensacetone}dipalladium

PPTS: pyridiom p-tohunesulfonate

PTSA: p-toluenesulfonic acid

RuPhos-Pd-G3: XPhos-Pd-G3: [(2-dicyclohexylphosphino-2' 6’

bipheny)-2-(2' -amino-1,1" -biphenyl}] palladiun(I} methavesulfonate

£

~diisopropoxy-1,1" -

RuPhos-Pd-G2: Chloro{{2-dicyclohexylphosphino-2’ 6" -diisopropoxy-1,17 -

biphenyl}-2-(2" -amino-1,1" -biphenyl)] palladium{Il}

SEM-CL 2-(tnimethylstlyhethoxymethyl chlonde

SFC: supereritical fluid chromatography

STARB: sodium triacetoxyborohydride

t-BuXPhos-Pd-G3: {(Z-di-fert-butylphosphing-2’ 4" &'

2-{2" -amino-1,1" -biphenyl}} palladium(Il} methanesulfonate

TEA: tricthylamine

[HF: tetrahydrofuran

TFA: rifluoroacetic acid

TLC: thin layer chromatography

TMP: 2,2.6,6-tetramethyipipenidine

TEMPO: 2.2,6,6-tetramethyipipenidine-N-oxide

TosCl or TsCl p-toluenesuifonyl chlonde

TsOH: ptoluenesulfonic acid

KantPhos: 4,5-bis{diphenyiphosphine}-9, 9-dimethyixanthene

XPhos: 2-dicyclohexylphosphine-2'4"6 -trusopropylbiphenyl

XPhos-Pd-G3: [(2-dicyclohexylphosphino-2” 4" 6" -triisopropyl-1,17

@

-amino-1,1" -biphenyl}] palladium({Il) methanesulfonate

12354-83-7: bis{pentamethylcyclopentadienylrhodwm dichlonide)

~tritsopropyi-1,17 -biphenyl)-

~biphenyl}-2-

[0280] EXAMFLE 1 — COMPOUNDS OF THE DISCLOSURE
Comp
ound Compound Structure
No.
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{8281} EXAMPLE 2 - SYNTHESIS OF INTERMEDIATE 4-{({1R,3R}-3-AMINO-2,2. 4 4-
TETRAMETHYLCYCLOBUTOXY }-2-METHOXYBENZONITRILE
{0282] Step 1: Preparation of tert-butyl {{1R,3R}-3-(4-cvano-3-methoxyphenoxy-2,2.4,4-

tetramethyvlcyclobutyDearbamate

Xy gﬁ

[0283] To a solution of tert-butyl N-(3-hydroxy-2.2,4,4-tetramethyl-cyclobutyljcarbamate
{10.00 g, 41.09 mmol, 1.00 eq) m dimethylformarde (100 rul.) was added sodwm hydride (329
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-Z-methoxy-benzomtrile (6.83 g, 45.20 munol, 1.10 eq) 0 dimethylformamide
(10 ml}) at 0°C. The mxture was warmed to 20 °C and stirved at 20 °C for 3.5 . The reaction
nuxture was quenched with saturated ammonium chlonide solvent {600 mL) and extracted with
ethyl acetate {300 mL). The organic layers were washed with brine (300 ml. x 2}, diied over

sodium sulfate 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: ethvl acetate = 20:1 to &1} to give tert-
butyl N-[{3-(4-cyano-3-methoxy-phenoxy}-2,2 4 4-tetramethyl-cvclobutyljcarbamate (10.00 g,
26.70 mmol, 64% vield) 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, 1H) 4.12 (s, 1H) 3.89 (s, 3H) 3.64 - 3.44 {m, 1) 1.41 (s,
9H) 1.13 (s, 6H) 1.06 (s, 6H).

{6284} Step 2. Preparation of 4-((1R3R)-3-amino-2,2 4 4-tetramethylcyclobutoxy)-2-

methoxybenzonitrile

i O
3 N
NZ i
-
{6285] To a solution of tert-butyl N-[3-(d-cvano-3-methoxy-phenoxy}-2,2,4 4-tetramethyl-

cyclobutylicarbamate (10.00 g, 26.70 mmol, 1.00 eq) in dichloromethane (50 mL) was added
hydrochloric acid / dioxane (4 M, 48.00 mL, 7.19 eg}. The muxture was stirred at 25 °C for 1 h.
The reaction mixture was concentrated under reduced pressure to give 4-(3-amino-2.2.4.4-
tetramethyl-cvclobutoxy-2-methoxy-benzonitrile (8. 20 g, 26.38 mmol, 98% vyield, hydrochloride
salt) as a white solid. 'H-NMR (400MHz, DMSO-ds) § 8.49 (s, 3H) 7.64 (d, /=8.8 Hz, 1H) 6.63
(d,J=2.0 Hz, 1H) 6.53 (d, J=8.8, 2.0 Hz, 1H) 4.31 (5, 1H) 3.90 (s, 3H) 3.06 (d, J=5.2 Hz, 1H) 1.33
(s, 6H) 1.11 (s, 6H).

{8286} EXAMPLE 3 - SYNTHESIS OF 4-{4-{{(1-{4~({({1R,3R)-3-{4-CY ANO-3-METHOXYPHENOXY }-
22,4 4-TETRAMETHYLCYCLOBUTYLICARBAMOYL JPHENYL JPIPERIDIN-4- VL JMETH YL JPIPERAZIN- 1 -
YL}N--2,6-DIOXOPIPERIDIN-3~YL }-2-FLUGROBENZ AMIDE {COMPOUND 1)

{6287} Step 1. Preparation  of  benmyl  4-{{1-{tert-butoxycarbonylpipendin-4-

yviimethylipiperazine-1-carboxylate

BOC\Q r/\N,Cbz
N

{6288} To a solution of tert-butyl 4-formylpipendine-1-carboxylate (10.00 g, 46.89 mmol,
1.00 eq) wn methano! (20 mL) was added benzyl piperazine-1-carboxylate (10.33 g, 46.8% mmol,
9.06 mL, 1.00 eq} at 25 °C and stirred for 10 h.  Then the mixture was added sodium

cyanoborohydride (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 diloted 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 sodmm sulifate, 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-
piperidymethylipiperazine-1-carboxylate {1500 g, 3592 mmol, 76% vyield) as a colorless oil.
TH-NMR (400MHz, CD50D) 5 7.22 - 7.43 {m, SH), 5.09 - 5.14 (m, 2H), 4.03 - 4.13 (m, 2H), 3.49
(s, 4H), 2.75 (5, 2H), 2.39 (s, 4H), 2.20 (d, J=6.4 Hz, 2H), 1.63 - 1.82 (m, 3H), 1.44 (s, 9H), 0.97
- 1.13 {m, 2H).
{0289] Step 2: Preparation of tert-butyl 4-(piperazin-1-ylmethy}) piperidine-i-carboxylate
BOC\N/\\E (/\NH

’ N

S

{0290] To a mixture of benzyl 4-[(1-tert-butoxycarbonyi-4-piperidylimethyljpiperazine-i-
carboxylate (8.00 g, 1916 mmol, 1.00 eq) 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 times. Then the maxture was stured at 30 °C for 12 h under hydrogen (50 psi)
atmosphere. The reaction nuxture was filtered and concentrated under reduced pressure to give
tert~butyl 4-{piperazin-1-yhmethyl) pipenidine-1-carboxylate (4.50 g, 1588 mmol, 82% yieldyas a
black o1l "TH-NMR (400MHz, CD:ODY §4.00 - 4.10 (ro, 1H), 3.96-4.12 (m, 1H), 3.29-3.43 (m,
1H), 2.81 - 2.95 (m, 4H), 2.75 (s, 2H), 2.42 (d, J=2.8 Hz, 3H), 2.19 (d, J=6.8 Hz, 2H), 1.7 - 1.80
(m, 3H), 1.45 (s, 9H), 1.01 - 1.12 (m, 270,

{0291] Step 3. Preparation of tert-butyl 4-[{4-(3-fluoro-4-methoxycarbonyl-phenypiperazin-

L-ylimethylipiperidine-t-carboxylate

{62821 To a solution of methyl 4-bromo-2-fluoro-benzoate (500.00 mg, 2.15 mmol, 1.00 eg)
m dioxane {6 mL} was added palladium{fl} acetate (24.09 mg, 107.28 umol, 0.05 eqg),

bis{diphenyiphosphino)-1,1 -bmaphthalene (133,60 mg, 214.56 umol, 0.10 eq), cestum carbonate
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(1.54 g, 472 mmol, 2.20 eq) and tert-butyl 4-{piperazin-1-ylmethyl)piperidine-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
muixture was filtered and the filtrate was concentrated ender vacuum 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 tert-butyl 4-{{4-(3-fluore-4-methoxycarbonyl-phenylipiperazin-1-yljmethylipiperidine-1-
carboxylate {(750.00 mg, 1.72 nuuncl, 80% vyield} as a black brown solid. LC/MS (EST) m/z: 436.3
V] TH-NMR (400MHz, CDCls) § 7.82 (¢, J=8.8 Hz, 1H), 6,62 (dd, J=8.8, 2.0, 1H), 6.50 {dd,
J=14.8, 2.4, 1H), 4.03 - 409 (m, 1H), 3.88 (s, 3H), 3.23 - 3.36 (m, 4H), 2.71 (1, J=12.4 Hz, 7H),
247 - 2.57 {m, 4H), 2.22 (d, }=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, 20).

0293} Step 4. Preparation of methy! 2-fluoro-4-(d-(piperidin-d-ylmethyl} piperazin-1-yl}
benzoate

O

I »
HN |’/\N F

' N

[0294] To a solution of tert-butvl 4-[{4-(3-fluoro-4-methoxycarbonyl-phenylpiperazin-1-
vijmethylpiperidine-I-carboxylate (1.00 g, 2.30 mmol, 1.00 eq) m ethyl acetate (10 mL) was
added hydrochlonide / ethyl acetate (4 M, 574.01 ul., 1.00 eq). The mixture was sturred at 25 °C
for 1 h. The mixture was concentrated ander reduced pressure to give methyl 2-fluoro-4-[4-{4-
piperidylmethyl}piperazin-1-ylibenzoate (§50.00 mg, 2.29 mmol, 99% vield, hydrochloride salt)
as a white solid. LO/MS (ESI sz 3361 [M+1]7; TH-NMR (400MHz, DMSO-ds) § 8.90 (s, 1H),
8.74 (s, 1H), 7.76 {t, }+8.8 Hz, 1H), 6.91 (d, F3.2 Hz, 111}, 3.96 - 4.11 {m, 2F1), 3.78 (s, 3H), 3.32
-3.39 (m, 24, 3.27 (&, F=12.8 Hz, 3H), 3.07 (d, 6.8 Hz, 4H), 2.80 - 2.93 {m, 25, 2.17 (5, 1),
2.01 (d, J=13.6 Hz, 2F), 1.91 (s, 1H), 1.4 (¢, J=11.2 Hz, 2H),

{0295] Step 5. Preparation of methyl 4-(4-{{(1-{4-{tert-butoxycarbonyl)phenypipendin-4-

yiymethyhpiperazin-1-yhi-2-fluorobenzoate
>L O O
OJ\ri\T Ao
N /\N’ i/\N X e
AN
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18296} To a solution of methyl 2-fluoro-4-f4-(4-pipendylmethylipiperazin-1-vijbenzoate
{850¢.00 mg, 2.29 mmol, 1.00 eq, hydrochioric acid} m dioxane {20 mL}) were added
diacetoxypaliadium {5132 mg, 22857 wmol, 010 eq), 2,2-bis{diphenylphosphino}-1,1'-
binaphthalene (213.49 mg, 342 86 umol, 0.15 eq), cestum carbonate {(1.86 g, 5.71 mmaol, 2.50 eq)
and tert-butyl 4-bromobenzoate (70525 myg, 2.74 mmol, 1.20 eq). The mixture was stirred at 110
°C for 12 h under nitrogen 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-
butoxycarbonylphenyl)-4-piperidyiimethylipperazin-1-y1}-2-fluoro-benzoate (588.00 mg, 1.15
mmol, 50% vield) as a white solid. LC/MS (EST) m/z: 512.2 [M+1]7.

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

yvhmethyhpiperazin-1-yh-2-fluorobenzoic acid

{0298] To a solution of  methyl 4-{4-[]1-{4-tert-butoxycarbonylphenyi)-4-
piperidyljmethyl]piperazin-1-yi}-2-fluoro-benzoate (588.00 mg, 1.15 mmol, 1.00 eq) in methanol
{8.00 mL) and water {2.00 mL} was added LAOHHO (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 hydrochlonic acid (1 M) and extracted with ethyl
acetate (30wl x 2). The combined organic 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-
butoxycarbonylphenyi}-4-piperidylimethyvlipiperazin-1-yi}-2-fluoro-benzoic acid (563.00 mg,
1.13 mmol, 98% vield) as a white solid. LC/MS (EST) m/z: 498.2 [M+1]17.

{0299} Step 70 Preparation of tert-butyl 4-{4-({(4-(4-((2,6-dioxopiperidin-3-yicarbamoyl}-3-
fluorophenylpiperazin-1-yhmethyDpipenidin-1-yhbenzoate
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o

{0360} To a solution of 4-]4-[[1-{4-tert-butoxycarbonylphenyl}-4-piperidvijmethylipiperazin-
1-y1}-2-fluoro-benzoic acid {563.00 mg, 1.13 mmeol, 1.00 eq} in dimethyiformamide (6 mL) were
added 1-hydroxybenzotriazole (22932 mg, 1.70 mmel, 1.50 eq), 1-(3-dimethylaminopropyi}-3-
ethvicarbodiimide hydrochloride (32535 mg, 1.70 mmol, 1.5 eq), diisopropylethylamine (731 .15
mg, 5.66 mmol, 98537 pb, 500 eq) and 3-aminopiperidine-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
quenched by addition water {50 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-
yvilmethyl}-1-piperidviibenzoate {600.00 mg, 98731 umol, 87% yield) as a purple solid. LC/MS
(EST) m/z: 608.0 [M+1]7; 'TH-NMR (400MHz, DMSO-d5) § 10.83 (s, 1H), 8.03 (1, J=7.2 Hz, 1H),
7.94 (s, 1H), 7.69{d, I=8. 8 Hz, 2H), 7.63 {t, =92 Hz, 1H), 6.92(d, J=9.2 Hz, 2H), 6.72 - 6.84 {m,
2H), 472 (td, =128, 6.4 He, 1H), 3.87 (d, J=12 8 Hz, ZH), 3.28 {5, 4H), 2.88 (s, 3H), 281 {br ¢,
J=12.0Hz 2H),2.72 (s 3H), 2.53(d, J=40Hz 2H)}, 211 {dd, J=128, 4 0Hz, 1H), 1.79(d, J=112
Hz, 3H), 1.50 (s, 9H), 1.13 - 1.24 {(m, 2H).

{8381} Step & Preparation  of  4-(4-({4-(4-((2,6-dioxopiperidin-3-yi)carbamoyi}-3-
fluorophenylpiperazin-1-yhmethyDpipendim--yhibenzoic acid

0 '} =
0, jega s
R N O

{8302} To a solution of tert-butyl 4-[4-[{4-[4-[(2,6-dioxo-3-piperidylicarbamoyl}-3-fluoro-
phenylpiperazin-1-ylmethyl}-1-piperidyl}benzoate {600.00 mg, 987 31 umol, 1.00 eq) 1 ethyl
acetate {8 ml.} was added hvdrochloric acid / ethyl acetate (4 M, 240.83 ul, 1.00 eq). The muxture
was stirred at 25 °C for 1 b, The muxture was concentrated under reduced pressure to give 4-[4-

[{4-[4-{(2,6-dioxo-3-pipenidy Dcarbamoyl]-3-fluoro-phenylipiperazin- -yl methyi]- 1~
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piperidyllbenzoic acid (510.00 mg, 924.57 umol, 93% vield) as a white solid. LO/MS (EST mz:
552.2 {M+117

{03683} Step 90 Preparation of 4-(4-({(1-{(4-({{1R,3R}-3-{(4-cyano-3-methoxyphenoxy 3-2,2,4,4-
tetramethyloyclobutyicarbamovhphenylipiperidin-d-ylimethy Dpiperazin-1-y13-N-{ 2,6~

dioxopiperidin-3-yi)-2-fluorobenzamide

l X G, O 0 o
. e -~ NH 2 NH NH
N e | O
WN\V)

{0304} To a solutien  of  4-[4-[[4-[4-[{2,6-dioxo-3-pipenidyl}carbamoyl]-3-fluoro-
phenylpiperazin-1-vlimethyl}-1-piperidylibenzoic acid {170.00 mg, 308.19 umol, 1.00 eq} n
dimethyiformamide (2 mL} were added 1-hydroxybenzotriazole (54.14 mg, 400.65 ymol, 1.30eq),
1-(3-dimethylaminopropyl}-3-ethyicarbodumide hydrochloride (76.80 mg, 400.65 umol, 1 30 eg),
dusopropylethylamine (19916 mg, 1.54 mmol, 26841 ul., 500 eq) and 4-(3-amino-2.2.4.4-
tetramethyl-cyvclobutoxy)-2-methoxy-benzonitrile (11495 mg, 36983 umol, 120 eg,
hydrochloric acid). The mixture was stirred at 25 °C for 24 h. The mixture was filtered to give the
filtrate. The filtrate was purified by prep-HPLC to give 4-[4-[[1-[4-[[3-(4-cyano-3-methoxy-
phenoxy}-2,2 4 4-tetramethyl-cyclobutyljcarbamoyl]phenyi}-4-piperidyljmethyljpiperazin-1-yi}-
N-(2,6-dioxo-3-piperidyl}-2-fluoro-benzamide (5510 mg, 64.42 umol, 20% vield, 99% purity,
formic acid) as a white solid. LC/MS (EST) m/z: 808.3 [M+11": 'H-NMR (400MHz, DMSO-ds) &
10.84 {s, 1H), 8.17 (s, 1H), 8.04 (1, }=7.2 Hz, 1H), 7.74 (d, J=8.8 He, 2H), 7.60 - 7.68 {(m, 2H),
7.49(d, I=9.2 Hz, 1H), 6.96(d, J=0.2 Hz, 2H}, 6.74 - 6.86 (m, 2H), 6.64 {d, J=2.0 Hz, 1H), 6.55
{dd, =84, 2.0 Hz, 1H), 4.69 - 478 {m, 1H), 4.28 (s, 1H), 4.06 (d, }=92 Hz, 1H)}, 391 (5, 3H},
3.86(d, J=13.2 Hz, 2H), 331 (s, 4H}, 2.73 - 2.85 (m, 3H), 2.54 (d, J=4.0 Hz, 1H), 2.49 (s, 4H),
221{d, J=6.8 Hz, 2H), 2.06 - 216 {m, 1H}, 198 - 2.05 (m, 1H), 1 76 - 1.85 {m, 3H), 1.23 {s, 6H},
1.22 - 117 {m, 2H), 1.1S (s, 6H).

[0305] EXAMPLE 4 -  SYNTHESIS OF  N-[3-(3-CHLORG-4-CYANOPHENOXY)-2,2,4 4-

TETRAMETHYLCYCLOBUTYL-6-[4-[ (4-[4-{(2,6-DIOXOPIPERIDIN- 3~

i5¢
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YLICARBAMOYL PHENYL JPIPERAZIN-1- YL IMETHYL |PIPERIDIN- 1 -YLPYRIDAZINE-3-C ARBOXAMIDE
{CoMPOUND 3}

10306} SCHEME 1. SUMMARY OF THE SYNTHESIS OF {COMPOUND 3.
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{0387] Step 1. Synthesis of  tert-butyl N-{(1r,3r)-3-(3-chloro-4-cvanophenoxy)-2,2,4.4-
tetramethylcyclobutyljcarbamate (1)

{0308] Into a 25-mL round-bottom flask, was placed a solution of tert-batyl N-{{1r,3r}-3-
hydroxy-2,2 4 4-tetramethyicyclobutyljcarbamate {(312.9 mg, 1.29 mmol, 1 equv} mn DMF (10
mkL}, to which was added NaH (154.4 mg, 3.86 mmol, 3 equiv, 60%} at 0 °C. The resulting mixture
was stirred for 15 mun and then was added 2-chloro-4-fluorobenzonitrite (200 mg, 1.29 mmol, 1
equivy at 0 °C. The reaction mixtare was stirred for 2 hr at 0 °C. The reaction was then quenched
by the addition of water (45 mi). The resulting muxture was extracted with ethyl acetate (3 x 50
mkb} and the organic layers were combined, washed with brine (50 mi x 3}, dried over sodium
sulfate and concentrated under vacuum to afford 400 mg {crude) of tert-butyl N-[(1r,3r}-3-(3-
chloro-4-cyanophenoxy)-2,2 4, 4-tetramethyleyciobutytcarbamate as vellow o1l

{0309} LC-MS (ES™Y: /2 37917 [MHT], tr = 1.1.46 min, (2.00 minute run).

{6310} Step 2. Synthesis of 2-chloro-4-{{1r,3r}-3-amine-2,2.4 4-

tetramethvicyclobutoxy|benzonitrile (I}
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10311} Into a 25-mL round-bottom flask, was placed a solution of tert-butyl N-{(1r,31)-3-(3-
chloro-4-cvanophenoxy)-2,2, 4, 4-tetramethylcyclobutyijcarbamate (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 vacuum to afford 250 mg
{crude) of 2-chloro-4-{{1r,3r}-3-amino-2.2,4, 4-tetramethyleyclobutoxybenzoniirile as vellow oil.
{8312} Step 3. Synthesis of  6-chloro-N-{{(1r,31)-3-(3-chloro-4-cyvanophenoxy)-2,2 4,4~
tetramethylcyclobutyllpyridazine-3-carboxamide (I11)

{8313} Into a 25-mb round-bottom flask, was placed 2-chloro-4-{(11,31)-3-amine-2,2 4 4-
tetramethylcyclobutoxylbenzontrile (250 mg, 090 mmol, 1 equiv), o-chloropyridazine-3-
carboxylic acid (14217 mg, 0.90 mmol, 1 equiv), DIEA (347.70 mg, 2 69 mmol, 3 equiv), TsP
(856.00 mg, 2.69 mmol, 3 equiv) in DMF (10 mL). The resulting solution was stirred for 2 hr at
roorn temperature. The reaction was then quenched by the addition of water (20 ml). The resulting
nuxture was extracted with ethyl acetate (3 x 50 mi). The corobined organic layer was washed with
brine (3 x50 ml) and concentrated under vacuum. The residue was apphed onto a silica gel coluron
eluting with ethy! acetate/petroleur ether {0:100 to 6:1) to afford 250 mg (66.49%) of 6-chloro-
N-[{1r,31)-3-(3-chloro-4-cvanophenoxy}-2,2. 4, 4-tetramethylcyclobutyt]pyridazine-3-
carboxamide as a yellow solid.

{0314} LO-MS (ES™): mz 419.10 [MH'], &z = 1.38 ruin, {2.00 minute run}.

{8315} Step 4 Synthests  of  N«{2,  6-dioxopiperidin-3-yi}-4-[4-[{pipendin-4-
vihmethylipiperazin-1-ylibenzamide (IV)

18316} SCHEME 2. SUMMARY OF THE SYNTHESIS OF N~(2, S-DIOXKOPIPERIDIN-3-Y L)*4~ {4~

[{(PIPERIDIN-4-YLIMETHYL [PIPERAZIN-1-YLIBENZAMIDE {IV)
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[0317] Step 4a. Synthesis of tert-butyl 4-[4-[(2,6-dioxopiperidin-3-

vijcarbamoylphenyllpiperazine-i-carboxylate (TVa)

[3318] Into a 100-roL. round-bottom flask purged and mamtaimed with an wnert atmosphere of
nitrogen, was placed 4-[4-[{tert-butoxyjearbonylipiperazin-1-ylibenzotwc acid (1.30 g, 4.24 mmol,
1.00 equiv), 3-ammopiperidine-2,6-dione (543 70 mg, 4.24 mmol, 1.00 equiv), DIEA (1.64 g,
12.73 mmol, 3.00 equav), T3P (4.05 g, 12.73 mmol, 3.00 equiv) in DMF (20 mL). The resulting
solution was stured for 2 hr 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 mL} and the
organc layers were combined, washed with brine, dried over anhydrous sodium sulfate and
concentrated under reduced pressure. This resulted in 900 myg {crude) of tert-butyl 4-{4-{(2,6-
dioxopiperidin-3-yhcarbamoylphenylipiperazine-1-carboxylate as vellow o1l

{08319] Step 4b. Synthesis of N-{2,6-dioxopipendin-3-y1}-4-{(piperazin-1-ylbenzamide (IVh)
10326} Into a 50-mb round-bottom flask, was placed tert-butyl 4-[4-[{2 6-dioxopiperidin-3-
yiycarbamoyl]phenyljpiperazine-1-carboxylate {900 mg, 2.16 mmol, 1 equiv} in DCM {20 mL}, to

which was added TFA (5 mi}). 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-
dioxopiperidin-3-yh-4-(piperazin-1-vibenzanude as yellow oil.

{0321} Step 4¢. Svnthesis of tert-butyl 4-{{(4-(4-{{2 6-dioxopiperidin-3-
yiycarbamoyliphenyl}piperazin-1-ylimethyipiperidine-1-carboxylate {IVc)

{0322} Into a 100-mL round-bottom flask purged and maintained with an inert atmosphere of
nitrogen, was placed N-(2 6-dioxopiperidin-3-vl)-4-{piperazin-1-yhibenzanmide (1.00 ¢ 316
mmol, 1.00 equiv), tert-butyl 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 mixture 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-
vijcarbamoyDphenylpiperazin- L-yDmethyDpiperidine-1 -carboxylate as yellow oil.

[0323] Step  4d Svathesis  of  N-(2,6-dioxopiperidin-3-y}-4-[4-[{piperidin-4-
vhmethylipiperazin-1-vijbenzamide (IV)

[0324] Into a S0-ml round-bottom flask, was placed tert-butyl 4-[{4-[4-[{2,6-dioxopipenidin-
3-ylcarbamovl]phenylipiperazin-1-yhmethylpiperidine-~1 ~carboxylate (500 mg, 0.97 mmol, 1.00
equiv) i DCM (10 mi), to whach was added TFA (3 ml ). The resulting solution was stured for
1.5 hr at room temperature. The muxture was concentrated under vacuum. This resulted n 350
mg {crude} of N-(2,6-dioxopiperidin-3-yi}-4-[4-[{piperidin-4-y Umethylipiperazin-1-
yijbenzamide as yellow oil.

{0315} LC-MS (ES+) m/z 414.30 [MHA+], R = 0.703 nun, (2.00 nunute run).

{0326] Step 3. Synthesis of N-[3-(3-chloro-4-cyanophenoxy}-2,2. 4, d-tetramethylcyclobutyl}-
6-{4-{(4-]4-](2,6-dioxopiperidin-3-yhcarbamoyl{phenylipiperazin-1-y methylipipendin-1-
yiipyridazine-3-carboxamide (3)

{8327} Into a 25mb round-bottom flask, was placed 6-chloro-N-[{1r,3r}-3-(3-chloro-4-
cyanophenoxyi-2,2,4,4-tetramethylcyclobutyllpyridazine-3-carboxamide (200 mg, .48 mmol, 1
equiv}, N-(2,6-dioxopiperidin-3-yi}-4-[4-[{piperidin-4-ymethylipiperazin-i-vijbenzamide
{19720 mg, 0.48 mmol, 1 equiv}, KaCOs (197 .80 mg, 1.43 mmel, 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 €18 OBD Column, 5 um, 19%150 mm; Mobile Phase A: Water (with 10
mmol/L NHsHCO:3, Mobile Phase B: (H:CN; 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-yljcarbamoyljphenyiipiperazin-1-
vhmethylipperidin-1-vljpyridazine-3-carboxamide as a white solid.

{0328] "H NMR (300 MHz, DMSO) 810.81 (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, ZH), 738-7.35 (m, 1H), 7.25 (s, 1H), 7.05-
6.97(m, 3H), 4.76-4.74 {m, 1 H), 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'], #z = 1.95 min, (3.00 minute run).

{0329} Chemical formula: CazHseCINGGs [796.37]

[0334] HXAMPLE 3 ~ SYNTHESIS OF COMPOUND 5

[8331] SCHEME 3. SUMMARY OF THE SYNTBEESIS OF COMPOUND S.
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{0332} Step 1. Synthesis of tert-butyl 4-[5-(methoxycarbonybpyridin-3-vlipiperazine-1-
carboxylate (I}
{0333} Into a 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 equiv} and Cs2C0O3 (6.03 g, 18 516 mmol, 2.0
equiv} at room temperature. To the above mixture was added BINAP(0.58 ¢, 0926 mmol, 0.1
equiv), Pd2{dba}3 (0.85 g, .926 mmol, 0.1 equiv) in portions over 2 min at room temperature,
The resulting mixture was stirred for additional overnight at 90°C. The muxture was allowed to
cool down to room temperature. The resulting mixture was dituted with ethyl acetate (400mL). The
combined organic layers were washed with brine (1x300 mL}, dried over anhydrous Na2504.
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 atford tert-butyl
4-[5-(methoxvcarbonypyridin-3-yljpiperazine-i-carboxylate(1.4 g, 47.05%) as an off-white
sohid. LO-MS (ES, mz)y: 322 00[MH"], = 0.91 lmin, (2.00minute run).

[0334] Step 2. Synthesis of 5-{4-(tert-butoxycarbonylypiperazin--ybnicotinic acid (IT)
[0335] Into a 50 wmwlL round-bottom  flask were added tert-butyl  4-[S-
{methoxycarbonylpyridin-3~-yl}piperazine-1-carboxylate(l 4 g, 4 356 mmol, 1 equiv), MeOH {13
mb, 32109 mmol, 7.37 equav) and H2O (12 mi, 666100 mmol, 15291 equiv) at room
temperature. To the stirred solution bithium hydroxide (1.3 g, 54.280 ywmmol, 12.46 equuiv) was
added 1n portions at room temperature. The resulting mixture was stirred for overmight at room
temperature. The resulting mixture was diluted with ethyl acetate (30 mL}. The resulting muxture
was filtered, the filter cake was washed with MeQOH (3x50 ml). The filtrate was concentrated
under reduced pressure. The crude product was used in the next step directly without further
purification. LO-MS (ES, s12): 308 05[MH™], #& = 0.627min, {2.00minute run).

{8336} Step 3. Synthesis of tert-butyl 4-[5-[(2 6-dioxopiperidin-3-yiicarbamoyljpyridin-3-
vi]piperazine-1-carboxylate (111}

{0337} Into a 25mbL round-bottom flask were added 5-[4-[{tert-butoxy)carbonylipiperazin-1-
vijpyridine-3-carboxylic acid(500 mg, 1.627 mmol, 1 equiv), 3-aminopiperidine-2,6-dione
hydrochloride (267.76 mg, 1.627 mmol, 1.00 equev), DMF (0.00 mL, 0.052 mmol, 0.03 equiv},
DIEA (1051.27 mg, 8.134 mmol, 5.0 equivy and HATU (123712 mg, 3.254 mmol, 2.00 equiv) at

room temperature. The resulting mixture was stired 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 EtQGAc (3 x50 mL}. The combined organic layers were
washed with brine (3x30 mL}, dried over anhydrous Na2804. After filiration, the filtrate was
concentrated under reduced pressure.  The residue was punified by silica gel column
chromatography, eluted with PE/EtOAc (1:1} to afford tert-butyl 4-[5-[{2,6-dioxopipertdin-3-
viycarbamoyljpyridin-3-ylipiperazine-1-carboxylate{290 mg, 42 70%) as an off-white sohid. LC-
MS (ES, m/z) 418 05[MH"], #& = 0.796min, (2.00mimite run}.

{8338} Step 4. Synthesis of N-(2,0-dioxopiperidin-3-vi}-3-(piperazin-1-yijnicotinamide
hydrochloride (IV}

[0339] Into a 10 mb round-bottom flask were added tert-butyl 4-[5-[(2,6-dioxopiperidin-3-
vihcarbamovy!]pyridin-3-ylipiperazine-1-carboxylate{290 mg}, MeOH (2 mbL) and HCl (gas)in 1,4~
dioxane(3 ml) at room temperature. The resulting muxture was stired for 2h at 30°C under ar
atmosphere. The resulting mixture was concentrated under vacuum to afford N-(2.6-
dioxopipendin-3-yh-3-{piperazin-1-vlpyridine-3-carboxamide hydrochloride(300 mg) as an off-
white sohid. The crude product was used in the next step directly without further punification.
{0340} Step S. Synthesis of N-(2,6-dioxopiperidin-3-yD-5-(4-[[1-(4-[[{1¢,31)-3-{d~cyano-3,5-
dimethylphenoxy)-2,2 4 4-tetramethyleyclobutyljcarbamoyi]phenylpipenidin-4-
vi]methylpiperazin-1-yhpyridine-3-carboxanude (V1)

{0341} A solution/mixtare of (V}), 4-{(d-formylpipenidin-T-y1-N-[{1r,31}-3-(4-cyano-3,5-
dimethyiphenoxy)-2,2,4,4-tetramethyloyclobutyllbenzanude (100 mg, 0.205 mmol, 1 equiv), and
N-{2,6-dioxopiperidin-3-y13-S-(piperazin-1-vpyridine-3-carboxamide hydrochlonide (87.07 mg,
0.246 mmol, 1.2 equiv} i dichloromethane was stirred for 30 mun at room temperature under
mtrogen atmosphere. To the above mixture was added STAB (130.39 mg, 0.615 mmol, 3.0 equiv)
in 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 mbL}. The combined
organic layers were washed with brine (1x30 mL}, dried over anhydrous NaxSQGu4. 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}): Colemn, Xselect CSH OBD
Column 30%150mm Som, n; mobile phase, Water(1 OMMOL/L NH4HCO3)and ACN (hold 57%
PhaseB in 8 min); Detector, UV 254nm This resulted 1n N-{2,0-dioxopiperidin-3-yi}-5-(4-[[ 1-(4-
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fH(1r,31)-3-(4d-cyanc-3,S-dimethviphenoxy)-2,2,4,4-
tetramethylcyclobutylicarbamovliphenylipiperidin-d-ylimethylipiperazin-1-yijpyridine-3-
carboxamide {22.6 mg, 13.97%) as a white sohd.

{6342} LC-MS (ES, m/zy, 789 35[MH™), = 2.108min, (3.00 minute run).

10343} TH-NMR: (CD:0OD, 300MHz): 8 8.42 {m, ZH),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 3Hm, 3H), 1 28 (s, 6H), 1.21(s, 6H).

{0344} Chenucal Formula: CasHssNgOs [788.99].

[08345] EXAMPLE 6 — SYNTHESIS OF 4-{4-{{1-{4-{{{1R,3R)-3-{4-CYANO-3-METHOX YPHENOXY }~
22,4 4-TETRAMETHYLCYCLOBUTYLICARBAMOYL JPHENYL JPIPERIDIN-4- VL JMETH YL JPIPERAZIN- 1 -

YLFN-({R}-2,6-DIOXOPTPERIDIN-3- YL }-2~-FLUOROBENZAMIDE (COMPOUND 14)

/%\T//O%'"r - o
- E 4’ /X\u g JKQ /O\ \‘*‘“
N'g//// " I
O o N/l (’\\
NENENP

{8346} Compound 14 was isolated from Compound 1 (prepared as described 1n Example 3}

using supereritical thud chromatography, Using the process outlined below in Table 2, 118 mg of
Compound 14 was solated from Compound 1.

[0347] TapLE 2. SFC CONDITIONS FOR ISOLATION OF COMPOUND 14,

Instrument Waters 800}

Column Chiralpak AD 250x30mm 1., 10am

Phase B for

Mobile Phase | Phase A for Supercritical CO2 o
IPATACN=3:1{0. 1%NH3H20)

Isocratic ) -
“ 80%Phase B (20% Phase A}
elution
Flow rate 80g/min
cycle time 8. Zmin
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Back Preasure { 100bar to keep the €Oz in Supercritical flow

uv 2200m
Injection 4.0md

[0348]  'H NMR (400 MHz, DMSO-ds) & 10.84 (s, 1H), 8.05 (1, I=7.2 Hz, 1H), 7.75 {d, }=8.3
Hz, 2H), 7.69 - 7.60 (m, 2F), 7.51 (4, J=9.2 Hz, 1H), 6.96 (d, J=8.8 Hz, 2H), 6.87 - 6.74 {m, 2H),
6.65 {(d, }=2.0 Hz, 1H), 6 55 (d, J=8.8, 2.0 Hz, 1H), 4.83 - 4. 65 (m, 1H), 4.29 (5, 1H), 4.06 {d,
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),
249 - 2.46 (m, 3H), 2.25 - 2.17 (m, 2H), 2.17 - 2.08 (m, 1H), 2.06 - 2.00 (m, 1), 1.81 (d, J=12.0
Hz, 3H), 1.27 - 1.10 (m, 14H),

0349]  EXAMPLE 7 - SYNTHESIS OF COMPOUND 15

{83863 SCHEME 4. SUMMARY OF THE SYNTHESIS OF COMPOUND 15,
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{0351] Step 1. Synthesis of tert-butyl N-{(1r,3r}-3-(4-cyano-3,5-dimethyiphenoxy)-2,2 4,4~
tetramethylcyclobutyl]carbamate ()

[0352] To a solution of tert-butyl N-[{1r,30)-3-hydroxy-2,2,4,4-
tetramethylcyclobutyl]carbamate(1 5 g, 6.164 mmol, 1 equiv) in DMF was added sodium hydride
{60% in o1, 390 mg) at O degrees C. The mixture was stured for 15 min. 4-fluoro-2,6-
dimethylbenzonurile(1.10 g, 7.397 mmol, 1.20 equiv) was added and the mixture was allowed to

warm to RT and stirred for 2 b The resulting mixture was diluted with ethy] acetate {30 o). The
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reaction was quenched by the addition of Water/ice (20 mL} at O degrees C. THE agueous layer
was extracted with EtOAc (Zx30 mL). The resulting mixture was washed with 3x50 mbL of water.
The residue was purified by Prep-TLL (CH2CIZ / MeOH 10:1) to afford tert-butyl N-{{(1r,3r}-3-
{4-cyano-3,5-dimethylphenoxy}-2,2 4 4-tetramethyleyclobutyljcarbamate{1.8g,78.39%} as a hght
vellow solid.

{8353} LC-MS (BES™): m/z 317.00 [MH™-56], &r =1 469min, (2.00 minute run).

[0354] Step 2. Synthesis of 2,0-dimethyl-4-{(1r 3r}-3-amino-2.2,4 4~
tetramethylcyclobutoxy}benzonitrile hydrochloride (1)

[0355] To a stirred solution of tert-butyl N-{{1r,31}-3-{4-cyano-3,5-dimethylphenoxy}-2.2,4 4~
tetramethyleyclobutyl]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-
dimethyi-4-[{1r,3r)-3-amine-2,2,4, 4-tetramethyicyciobutoxy lbenzonitride  hydrochlonde(1 4g,
93.81%) as a light vellow sohd.

[03%6]  LO-MS(ES™): sz 273.25 [MH'], & =0.949min, (2.00 minute run).

{0387} Step 3. Synthesis of 3-chloro-N-[{11,3r}-3-(4-cyano-3,5-dimethyiphenoxy-2,2.4,4-
tetramethylceyclobutyl]pyrazine-2-carboxarmide (T

[0358] To a stirred solution of 2.6-dimethyl-4-[(11,31)-3-amino-2,2,4,4-
tetramethyleyclobutoxy Jbenzonunle hydrochloride(500 mg, 1.619 mmol, 1 equv) and 3-
chloropyrazine-2~carboxylic actd(282.33 mg, 1.781 mmol, 1.1 equv) m DMF were added
DIEA{1.05 g, 8.095 mmwol, 5 equuiv) and HATU{1.85 g, 4 857 mmol, 3 equiv} in portions at room
temperature. The resulting mixture was stured for 1 h at room temperature. The resulting mixture
was difuted with ethyl acetate {50 ml.}. The resulting mixture was washed with 3x40 ol of water,
The residue was purified by Prep-TLC (PE/EtOAc 1:1} to afford S-chloro-N-[{1r,3r}-3-{4-cyano-
3,5-dimethviphenoxy)-2,2. 4 4-tetramethylcyclobutytipyrazine-2-carboxamide (500 mg, 74.80%)
as a hight yellow solid.

{6359} LO-MS(ES™): mz 413.25 [MHT], & =1.430min, (2.00 minute run}.

2
3

{0360} Step 4. Synthesis of 2,2 2-triflucrcacetaldehyde; N-(2,6-dioxopiperidin-3-yi}-3-
(e, 3r3-3-[{ pipertdin-4-ylimethyl [(propan-2-yJaminocyclobutoxy tbenzanmide (1Y)
{0361} To a stired solution of tert-butyl 4-[[{propan-2-yH{{1r,3r}-3-[ 3-[{2, 6-dioxopiperidin-

3-ylicarbamoyljphenoxylcyclobutyllamineimethyvlipiperidine- 1-carboxvlate(100 mg, 1 equiv} in
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1,4-dioxane was added HCl{gas)in 1,4-dioxane(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™Y: m/z 457.27 [MHT], = =0.806 min, {2.00 minute run).

{0363} Step 5. Synthesis of  S-{4-[{{propan-2-yD[{1r,31}-3-[3-[(2,6-dioxopiperidin-3-
vilcarbamoyljphenoxy]cyclobutyljanunomethylipiperidin-1-yh-N-[{1r,3r}-3-{4-cyano-3,5-
dimethyiphenoxy)-2,2 4 4-tetramethyleyclobutyilpyrazine-2-carboxanide {Compound 3}

[8364] To a stured solution of 2,2 2-tnifluoroacetaldehyde; N-(2,6-dioxopiperidin-3-yi)-3-
[(1r,3r)-3-[[{ piperidin-4-vhmethyl [{propan-2-vaminojcyclobutoxyibenzamide (100 mg, 0180
mmol, i equiv) and  S-chloro-N-{(1r,31)-3-(4-cvano-3,5-dimethyiphenoxy)-2,2.4,4-
tetramethylcyclobutyllpyrazine-2-carboxamide(81.90 mg, 0.198 mmol, 1.1 equiv} in DMF was
added K2CO3 (74.76 mg, 0.541 mmol, 3 equiv) 1 portions at room teroperature. The resulting
nuxture was stirred for overnight at 60 degrees C. This resulted in 5-(4-[[{propan-2-yHi{11,3r}-3-
[3-1(2,6-dioxopiperidin-3~yljcarbamoylphenoxy ey clobuty laminojmethylipiperidin- 1 -y 13-N-
[(1r,3r)-3~(4-cyano-3, 5~dimethyviphenoxy)-2,2,4,4-tetramethyleyclobutyljpyrazine-2-
carboxamide {25.8 mg, 17.18%) as a white sohid.

[0365]  H-NMR (400 MHz, Methanol-d4) 3 8.67(d, J= 1.4 Hz, 1H), §24(d, J=1.3 Hz, 1H),
745 (d, T =7.6 Hz, 1H), 7.39 (¢, ] = 7.9 Hz, 1H), 7.32 (s, 1H), 7.04 (d, ] = 8.3 Hz, 1H), 6.74 (s,
2H), 4.77 (s, TH), 4.60 (d, J = 13.3 Hz, 2H), 427 (s, 1H), 4.06 (5, 1H), 3.77 (s, 11, 3.03 (¢, T =
12,5 Hz, 3H), 2.84 (dd, J = 17.3, 7.4 Hz, 1H), 2.78 - 2.69 (m, 1H), 2.49 (s, 61}, 2.36 (s, 2H]}, 2.23
(tt, I = 11.6, 7.0 Hz, 410, 2.00 {d, T = 13.1 Hz, 21, 1.79 (s, 1H), 1.29 (s, 61}, 1.22 (s, 6H), 1.18
{s,2H}, 1.03 {4, I = 6.5 Hz, 6H), 0.92 (s, OH), 0.12 (s, 1H).

{8366} LO-MS (ES™): sz 833.55 [MHT], &z =1.646min, (3.00 minute run).

{0367} EXAMPLE 8 - SYNTHESIS OF 4-{4-({(1-(4-({{(1 R,3R}-3-(4-CYANO-3-METHOXYPHENOXY }-

2,24 4-TETRAMETHYLCYCLOBUTYL )CARBAMOYL }PHENYL JPIPERIDIN-4- YL IMETHYL JPIPERAZIN- 1 -

YL }-N-{{§}-2,6-DIOXOPIPERIDIN-3- YL} 2-FLUCROBENZAMIDE ( COMPOUND 21}
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”}x/ 3 o oA

{0368] Compound 21 was 1solated from Compound 1 (prepared as described in Example 3)

using supercritical fluid chromatography. Using the process outlined above in Table 2, 71 mg 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, 1}1}, 775 (d,

Hz, ZH), 7.69 - 7.60 (m, 2H), 7.51 (d, 1=9.2 Hz, 1H), 6.96 (d, J=8.8 Hz, 2H), 6.87 - 6.74 (m, 2H),
6.65 (d, 3=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),395-3.79(m, SH), 332-324(m, 4H), 2.87 - 272 (m, 3H), 2.56 - 2.53 (m, 2H)},
249 ~2.46{(m, 3H), 225 - 217 {(m, ZH), 217 - 2.08 (m, 1H), 206 - 2.00 {m, 1H), 1 81 {(d, J=12.0
Hz, 3H), 1.27 - 1.10 (m, 14H).

[0370] EXAMPLE 9 - SYNTHESIS OF COMPOUND 23

10371} SCHEME 5. SUMMARY OF THE SYNTHESIS OF COMPOUND 23
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{6373} Step 1. Preparation of (1}, tert-butyl 4-[4-](2.6-dioxo-3-pipenidylicarbamoyl]
phenylipiperazine-~1-carboxylate

Q

________________________________ . A
HATUL, TEA, DMF |/\N H
15°C, 1 h \)
B()C/N

it
{3373] To a solution of 4-(4-tert-butoxyearbonylpiperazin-1-yhbenzoie acid (560 mg, 1.63
mmol, 1 eg) and 3-aminopiperidine-2,6-dione {209 mg, 1.27 mmol, 1 eq, hydrochloride} in N,N-
dimethylformamde (3 ml} was added o~(7-azabenzotnazol-1-yh-nnn' n'~ tetramethyloroniom
hexatluorophosphate (930 mg, 2.45 mmol, 1.5 eg) and triethylamine (495 mg, 4.90 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 stired 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 sulifate, filtered and concentrated
m vacoum. The residue was purtfied by prep-TLC {dichioromethane: methanol = 20:1)
Compound tert-butyl 4-[4-{(2 6-dioxo-3-piperidyl} carbamovl]phenylipiperazine-1-carboxylate
{370 mg, 0.88 mmol, 54% vield) was obtained as an off-white sohid.

{0374} Chenucal Formula: CoiHasOsNa, Molecular Weight: 416 47

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

O ,ﬁ O 9 E G
RS /iLN : HClidioxana TJ\NI/
| H - /[\ H
("‘\N L i

N

Boc’N\/' H\Q
{ (i

{8376} To a solution of tert-butyl 4-[4-[(2,6-dioxo-3-pipendyl)carbamoyijphenylipiperazive-
I- carboxylate (370 mg, 0.88 mmol, 1 eg) in dichloromethane (2 ml) was added hydrochloride
acid/dioxane (4 M, 10 ok, 45.02 eg). The mixture was stivred at 15 °C for | hour. LCMS detected
the desired MS. The reaction mixture was filtered and concentrated under reduced pressure to give
aresidue. The crude product N-(2,6-dioxo-3-piperidyl)-4-piperazin-1 -vi- henzamide was used into
the next step without further purification. Compound N-{2,6-dioxo -3-piperidyl}-4-piperazin-1-yl-
benzamide {300 mg, 0.85 mmol, 95% vield, hydrochloride) was obtained as an off-white sohid.
[0377]  LOMS: MS (ESTy mz: 317.1 [M+1]7
{8378] Chemical Formula: CisH200:Na, Molecular Weight: 316.1
{83791 Step 3. Preparation of I
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Preparation of Iiia:

{0380} To a solution of methyl 6-chloropyridazine-3-carboxylate (100 g, 579.48 mmol, 1 eg)
1 tetrahydrofuran (1 L) and water (1 L) was added hthuum hydrate (48.63 ¢, 1.16 mol, 2 eg) n
portions. The reaction muxture was stirred at 25°C for 1 howr. Thin-Layer Chromatography
{Petroleum ether: Ethyl acetate = 1.1} showed methyl 6-chloropyridazine-3-carboxylate was
consumed completely. The reaction mixture was poured 1nto hydrochlornic (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 (500 mL). 6-chloropyridazine-3-carboxylic

acid (70 g, 436.22 mmol, 75% vield, 98% purity} was obtained as a white solid.
0 £ o o

{8381} H NMR: (400MHz, BMSO-ds),

[0382] & 14.08 (s, 1H). 8.24 (d, /9.2 Hz, 11, 8.09 (d, /=9.2 Hz, 11},
{(383] Chermcal Formula: CsHaCIN2O:, Molecular Weight: 158.54.
{8384} Total H count from HNMR data: 3

{8385} To a solution of 4-{4-aminocyclohexoxy}-2-chloro-benzomirile (40 g, 139.28 mmol, 1
eg, HCI salt), o-chloropvridazine-3-carboxylic acid (28.71 g, 181.07 mmol, 1.3 eg) and
triethylamine {56.38 g, 557.13 mmol, 4 eg) m dichioromethane {400 mL} was slowly charged
with 2.4 6-Tripropyl-1,3,5.2,4 6-trioxatriphosphinane 2, 4 6-trigxide (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 {(Peiroleum ether: Ethyl acetate = 1:1} indicated 4-(4-aminocyclohexoxy}-2-

chloro-benzonitrile was consumed completely. The reaction mixture was poured mto saturated
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sodium bicarbonate solution (3 L), and extracted with dichloromethane (2 L* 3} The combined
organic layers were washed with brine {4 L* 3}, dried over anhydrous sodiom 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)eyclohexyllpyridazine-3-carboxamide {50 g, 12524
mmol, 90% vield, 98% purity} was obtained as a white solid.

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

18387} $:912(d, /=8.0Hz 1H)} 822(d, /=88 Hz, 1H), 80%(d, /~88Hz, IH), 7.84 (d, /=8 8
Hz, 1H), 7.38 (d, J=2.4 Hz, 1H), 7.13 (dd, J=2.4, §.8 Hz, 1H), 4.55- 4.49 (m, 1H), 3.92 - 3.88 (m,
1H), 2.13 - 2.10 (m, 2H), 1.92 - 1.89 {m, 2F), 1.72 - 1.66 (m, 2H), 1.55 - 1.53 {m, 2H).

{0388] Chemical Formula: CisHisChNaO2, Molecular Weight: 391 .25,

{0389} Total H count from HNMR data: 18

[6390] Preparation  of (Ilie) A solution  of  6-chloro-N-[4-(3-chloro-4-cyano-
phenoxyieyclohexvllpyndazine-3-  carboxamude (5 g 1278 mmol, 1 eg), 4-
{dimethoxymethy Dpiperidine (2.03 g, 12,78 mumol, 1 eg) and dusopropyl ethyl amine (495 g,
38.34 mmol, 3 eg) 10 dimethylsulfoxade (S0 mil} was stitred at 80°C for 12 hours. LC-MS showed
desired compound was detected. The reaction mixture was poured mto {S00 mL) water and sturred
at 25 °C for 1 hour. The precipitate was collected by filiration and dried under high vacuum. The
residue was triturated with ethyl acetate and petroleum ether (30 mL, 1:3) to give N-[4-(3-chloro-
4-cyano-  phenoxyjeyclohexyl]-6-[4-(dimethoxymethyl}- T-pipendylipyridazine-3-carboxamide
(3.2 g, 6.23 mmol, 48% vield} as a yellow solid.

[0391]  LOMS: MS (ESDm/z S14.1 [M+1]™
{08392] Chemical Formula: CosHaCiNsGs, Molecular Weight: 514.02
0393} Preparation of (I1)

[0394] To a solution of N-[4-(3-chloro-4-cyvano-phenoxyjcyclohexyll-6-[4-
(dimethoxymethyl)- I-pipertdyljpyridazine-3-carboxamide (3 g 3584 mmol, 1 eg) m
tetrahydrofuran {80 mbL) was added sulfuric acid (2 M in water, 87 mL, 30 e¢g). 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 § with sodium
hydroxide (2 M 10 water), then extracted with ethyl acetate (50 mL x 3}, The combined orgamic

layers were washed with brine (530 mL x 2), dried over anhydrous sodium sulfate, filtered and
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concentrated under reduced pressure to give N-{4-(3-chloro-4-cyano-phenoxyicyclohexyl]-6- (4~
formyl-1-piperidylipyridazine-3-carboxamide (2.6 g, 5. 56 mmol, 95% vield) as a yellow solid.
[0395]  'H NMR. (400MHz, DMSO-ds)

[0396]  §=9.75-9.55 (m, 1H), 8.62(d, J=8.4 Hz, 11}, 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, 1), 4.32 (m, 2H), 3.92 - 3.78 (m, 1H),
3.33 -3.21 {m, 2H), 2.76 - 2.64 (m, 1H), 2.11 (d, /=10.0 Hz, 2H), 1 98 - 1.85 (m, 4H), 1.69 - 1.48
{m, 6H}

{0397} Chermical Formula: C2aHueCINSOs, Molecular Weight: 467 95

{0398} Total H count from HNMR data: 26

[0399] Step 4. Preparation of (IV), N-{4-(3-chloro-4-cyano-phenoxy)cyclohexyil-6-{4-[[4-[4-
[(2,6-dioxo-3-piperidyicarbamoyi]phenylipiperazin-1-yljmethyii-1-piperidyljpyridazine-3-

(J
LN N
T

n) QY\
ST SoLor
=

carhoxamide

| NaOAC, NaBH.CN, MeOH. DCM
{i}
N/\
N L\/N P
e .
‘\iy ™ 2 : o
Na NH HN
pove; :
P :
Ci o o
23

{8460 To a sohution of N-(2,6~dioxo-3-piperidyl}-4-piperazin-1-yl-benzamide (113 mg, 0.32
mmol, 1 eg, HCH 1o methanol (2 ml} was added sodiom acetate {52 mg, 0.64 romol, 2 eg}. The

mixture was stirred at 15 °C for 0.5 h. Then N-[4-(3-chloro-4-cyano-phenoxyeyclohexyl] -6-{4-
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formyl-1-piperidyipyridazine-3-carboxamide (150 mg, 032 mmol, 1 eg) in dichloromethane (2
mL} was added to the mixture, acetic acid (0.5 mL} and sodium cyanoborohydride (40 mg, 0.64
mmol, 2 eg} 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 muinute. The aguecus 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 Synergt
18 150%25%1 0unymobile phase: [water{0.225%FA)-ACN] B%: 12%-42%,10min}. Compound
N-[4-(3-chloro-4-cyano-phenoxy)cyclohexyl]-6-[4-[{4-{4-[{2,6-dioxo-3-
piperidyycarbamovijphenvlipiperazin-1 -yljmethyl]-1-piperidyljpyridazine-3-carboxanude {(51.1
mg, 0.06 mmol, 19% vield, 99% purity, formate) was obtained as a white solid.

[0401]  LOMS: MS (ESD m/z 770.3 [M+23]"

[0402]  H NMR: (400MHz, DMSO-de)

[8403] o: 10.83 (s, 1H), 8.59 (d, /=7 6 Hz, 1H), 847 (d, /=7.6 Hz, 1H), 8.20 (5, 1H), 7.85 {4,
J=8.8 Hz, 1H), 7.77 (dd, /=5.8, 18.4 Hz, 3H), 7.39 (5, 1H), 7.33 (¢, /=9.6 Hz, 1H), 7.13 (d, /=8.4
Hz, 1H), 6.97 (d, J=8.4 Hz, 2H), 4.74 (5, 1H), 4.59 - 4.43 (m, 4H), 3.85 (s, 1), 3.28 - 3.24 {m,
2H), 3.02 (t, /=120 Hz, 2H), 285 -2.73 {m, 3H), 2.20{d, /=7.6 Hz, 3H), 2.10{d, /=52 Hz, 4H),
2.02-1.77 (m, 6H), 171 - 1.58 (mn, 3H), 1.51 (d, /=12 8 Hz, 3H), 1.12 (d, J=11.6 Hz, 2H)

{0404] Chemical Formula: CaoHaeClOsNo, Molecular Weight: 767.33

[0405]  EXAMPLE 10 - SYNTHESIS OF COMPOUND 24

{8406} SNCHEME 6. SUMMARY OF THE SYNTHESIS OF COMPOUND 24,
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{0407} Step L Preparation of (I}, methyl  S5-[3-{tert-butoxycarbonylamine)

cyclobutoxypyridime-2-carboxylate
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{0408] To a solution of methyl S-hydroxypyridine-2-carboxylate (500 mg, 3.27 mmol, 1 eg),

tert-butyl N-(3-hvdroxycyclobutyhcarbamate (611 mg, 3.27 mmol, 1 eg} and triphenylphosphine
{1.28 g, 4 90 mumol, 1.5 eg) in tetrahydrofuran (S mL} was added diisopropvlazodicarboxylate (990
mg, 490 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 layvers were washed
with brine (80 mi 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 S-[3-{tert-butoxycarbonylammoicyclobutoxypynidine-
2-carboxylate (3 g, crude) was obtained as a colorless o1,

[0409]  LCMS: MS (BEST) mz 3231 [M+1]"

{0410] Chenucal Forroula: CisH2:N2Os, Molecular Weight: 32230

[0411] Step 2. Preparation of (IT), methy! 5-(3-aminocyclobutoxy)pyridine-2- carboxylate

HCHdioxans

BocHN,,
DCM, 15°C, 1 h

{6412} To a solstion of methyl 5-[3-{tert-butoxycarbonylanminojcyclobutoxyipyridine-2-
carboxylate (3 g, 931 mmol, 1 eg) m dichloromethane (5§ mL) was added hydrochloric acid (4 M
in dioxane, 3 mbL). The reaction mixture was stirred at 15 °C for 1 hour. TLC (Petroleur ether:
Ethyl acetate = 3:1) mdicated methyl 5-[3-(tert-butoxycarbonylamino} cyclobutoxyjpyridine-2-
carboxyiate was consumed completely. The reaction muxture was concentrated under reduced
pressure. The residuoe was triturated with ethyl acetate {15 mL}) methyl 35-(3-
aminocyclobutoxypyridine-2-carboxylate (760 mg, 2.94 mmol, 31% yield for 2 steps,

Hydrochloride} was obtamed as a white solid.

[0413]  'H NMR: (400 Mi{z, 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, 2FL), 2.48 - 2.40 (m, 2H), 2.01 - 1.88 (m, 1H)
{0415} Chemical Formula: CriHiaN2QOs, Molecular Weight: 222.24
{8416} Total H count from HNMR data; 16,
{0417} Step 3. Preparation of (I}, methyl 5-[3-[(1-tert-butoxycarbonyl-4 -
piperidy methylanminojeyclobutoxypyridine-2-carboxylate

Boc., .,

O N ! Boc., Q
HQN ‘. ("'\ i N.T/JJ\O/ L\\./A\vf"fo N l\/\J\/ \“‘/}L\Cj/
\,&O/E//

TEA, NaBH(OAC), MeOH . DCM, 15°C, 14 A

a (i

{0418} A solution of methyl 5-(3-aminocyclobutoxy)pvridine-2-carboxylate (700 mg, 2.71
mmol, 1 eg, Hydrochloride) and triethylamine (821 mg, 8.12 mmol, 3 eg} in methanel (10 mL)
and dichloromethane (10 mL) was stirred at 15°C for 0.5 hour. Tert-butyl 4-formyipiperidine-1-
carboxylate (577 mg, 2.71 mmol, 1 eg) was added. Then sodium borohydride acetate (1.72 g, 8.12
nunol, 3 eg) was added. The reaction muxture was stirred at 15°C for 0.5 hour. LCMS showed
desired compound was detected The reaction mixture was quenched by water (S0 mL), and
extracted with dichloromethane (30 ml. x 3}, dried over ashydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was triturated with ethy! acetate (10 mL). Methyl
3-[3-[{ 1 -tert-butoxycarbonyl-4-piperidyl) methylamunojeyclobutoxylpyridine-2-carboxylate {460
mg, 1.10 mmol, 40% vield) was obtained as a white solid

[0419]  LOMS: MS (EST)mz 418.2 [M+1]°

{84261 Y NMR: (400MHz, BMSO-ds)

18421} 01928 (s, 2H}, 832 (d, /=28 Hz, TH), 805 (d, J=8.8 Hx, 1H}, 7.37 (dd, /=2.8, 8.8 Hz,
1H), 5.29 - 5.03 (m, 1F), 4.04 - 3.89 (m, 2H), 3.85 (s, 411}, 2.87 - 2.78 (m. 2F), 2.76 - 2.66 {m,
3FD), 2.48 - 2.38 (m, 2H), 1.89 (d, =192 Hz, 11, 1.76 (d, J=12.0 Hz, 2H), 1.40 (s, 9H), 1.07 {dq,
J=4.0, 12.0 Hz, 2H)

{0422} Chemical Formula: {a0H7NsOs, Molecular Weight: 417.46

{0423} Total H count from HNMR data: 27

{6424} Step 4. Preparation of (IV}), methyl 5-{3-[(1-tert-butoxycarbony! -4-piperidyvimethyl-

isopropyl-aminojcyclobutoxy {pyridine-2-carboxylate

178



ARVN-GOT7/001 WO 331216-2140

BDC'\ / o) ._< Boc, .~
j\ ?\e/ _’,\ |i N"«\‘/Jl\c/ U\\/[\/ i '/,‘ L J/k
0/

\’A"o A TEA, MeCN, 76 °C, 48 b

{81}
{0425} To a solution of methyl 5-[3-[{1-tert-butoxycarbonyl-4-
piperidy hmethylanunoleyclobutoxy] pyridine-2-carboxvlate (410 mg, 0.97 mmol, 1 eg) and
triethvlamine (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 muxture was stirred at 70°C for 48 h. Thin layer chromatography
{Dichloromethane: Methanol = 10:1}) indicated methyl  5-[3-[{1-tert-butoxycarbonyl-4-
piperidyhmethylanunojeyclobutoxy] pyridine-2-carboxylate was consumed completely. The
reaction mixture was diluted with ethyl acetate (80 mL)}, washed with brine (50 mL x 3}, dried
over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by stlica gel column chromatography (Petroleum ether/Ethyl acetate=10/1 to 1/1). Methyl
5-[3-[{1-tert-butoxycarbonyl-4-piperidy hmethyl-isopropyl-aminojeyclobutoxy]pyridine-2-
carboxylate (300 mg, 0.64 mmol, 66 % yield) was obtained as a yellow solid.
[0426]  'H NMR: (400MHz, DMSO-ds)
[0427] & §30(s, 1H), 8.01 (d, =7.8Hz, 1H), 7.34 (d, J=7.2 Hz, 1H), 482 (5, 1), 4.08 - 3.89
(m, 3T}, 3.84 (s, 3H), 3.64 (s, 1H), 3.32 (s, 3H), 2.87 (s, 1FD), 2.66 (5, 1L}, 2.37 (s, 3H), 2.18 (4,
F=13.6 Hz, 4H), 1.99 (s, 1H), 1.70 (d, J=10.4 Hz, 7H), 1.39 (s, 11H), 1.17 (s, 2FD), 0.90 (d, J=4.0
Hz, 8H)
{6428} Chemical Formula: CosHaoNaOs, Molecular Weight: 461 .59
{84391 Total H count from HNMR data: 39
{6430} Step 5. Preparation of {V), 5-[3-[(1-tert-butoxycarbonyl-4-piperidyl} methyl-

isepmpyi—ammo} cvelobutoxylpyridine-2-carboxylic acid

\ /‘\ \\// <..> Bn\ o~ \\]/ ;E\
i HRTe)
L\* A N, Mo =0

./ OH
L”A"’Q’ﬂ\v’“’/} MeDH, THF, H,0, 15°C,12 h \/;,,% ,J\ j

)
v}

{6431} To a solution of methyl S-[3-[(1-tert-butoxycarbonyi-4-pipendylimethyl-isopropyl-
amino} cyciobu’taxy}pyndzne-Emarl’mxy ate {300 mg, 0.64 mmol, 1 eg) m methanol (2 mbL),
tetrahydrofuran {2 mL} and water {Z mi} was added lithtum hydroxide (109 mg, 2.60 mmol, 4 eg}.

The reaction muxture was stirred at 15 °C for 12 hours. LOMS 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 hydrochloric acid, and concentrated under reduced pressure. The residue was purified
by prep-HPLLC  {column: Phenomenex Synergi CI8  150%25%10um;mobile phase:
fwater{0. 1% TFARACNLB%: 23%-53%,9min). 5-{3-{{1-tert- butoxycarbonyi-4-
piperidy imethyl-isopropyl-aminojeyclobutoxylpyridine-2-carboxviic acid (230 mg, 0.40 mmol,
63% yield, Trifluorcacetic acid) was obtained as a white solid.

[0432]  LCMS: MS (EST) m/z: 448.4 [M+1]7

[0433]  'H NMR: (400MHz, DMSO-ds)

184341 000 (s, 1H), 833 (d, /=28 Hz, 1H), 8.04 (d, J/=8.8 Hz, 1H}, 7.42 (dd, ./=2.8, 8 8 Hz,
1H), 4.99 {t, J=6.4 Hz, 1H), 431 - 4.09 {(m, {F), 3.96 (d, J=10.0 Hz, 2H), 3.63 - 3.49 (m, 1H),
313-301 (m, 1H), 298-2.84 {(m, 2H), 2.82-2.63 (m, 3H), 2.61 - 2.53 {m, 1H}, 1.90 - 1.68 {m,
3H), 1.40 (s, 9H), 1.27 (d, J=6.4 Hz, 3H), 1.19(d, J=6.4 Hz, 3H), 1 12 - 1.01 {m, 2H)

{0435} Chenucal Forroula: CosHa7N:Os, Molecular Weight: 447 57

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

{0437] Step 6. Preparation of (V1) tert-butyl 4-[[[3-[[6-[(2,6-dioxo-3-piperidylicarbamoyi}-3-

pyridytioxylcyclobutyll-isopropyl-aminoimethyljpiperidine-1 ~carboxylate

B-:n:-\bi/\ S Q v _:}' _ Boc . O. i?:}\ o]
L J\/\] AL A o \Nfi \/ ;\/K If

~ “v Sy o L\/ L LN .

T H

\ R HATU, TEA, DMF, 15°C.1 1 .
A : /,E\/

V3
v

{8438} A solution of  5-[3-[(1-tert-butoxycarbonyi-4-pipenidylimethyl-isopropyl-ammo]
cyclobutoxylpyridine-2-carboxylic acid (180 mg, 032 mmol, 1 eg, Trfluoroacetic acid),
trigthylanine (64 mg, 064 wmmol, 2 egy and o-{7-azabenzotniazol-1-yl-nnn', n'
tetramethyiuronium hexaflucrophosphate {182 myg, 0.48 mmol, 1.5 eg) 1o dimethyl formamide (3
mLy 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, Hydrochloric acid) in dimethyl
formanude {2 mL} was added. The reaction mixture was stirred at 15 °C for 0.5 hour. LOMS
showed desired compound was detected. The reaction mixture was quenched by addition water
{50 mL), extracted with ethyi acetate (50 mL 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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methanol  =100/1 to 20/1).  tert-butyl  4-[{[3-[[6-{{2,6-dioxo-3-piperidyijcarbamoyl]-3-
pyridyiloxylcyclobutyl}-isopropyl-amino}methyllpiperidine-1-carboxylate (160 mg, 0.28 mmol,
89% vield} was obtained as a yellow il

[0439]  LOMS: MS (ESI) mz: 558.0 [M+1]*

18440] 'H NMR: (400MHz, CHLOROFORM-d)

[0441] & B.50 (d,J=6.4 Hz, 1H), 8.21 - $.09 (m, 2H), 8.00 (s, 1H), 7.20 - 7.10 (m, 1H), 4.89 -
4.64 (m, 2H), 4.30 - 3.97 (m, 6H), 3.83 - 3.59 (m, 1H), 2.99 - 2.82 (m, 3H), 2.75 - 2.56 (m, 3H),
2.45-220(m, 6H), 2.08 -2.03 (m, ¢H)}, 1.78(d, /=124 Hz, 2H), 1. 55-1.41 {(m, 1H)}, 1.55- 141
(m, 10H), £.30 - 1.24 (m, 6H), 0.97 (d, J=6.4 Hz, TH)

{0442} Chermical Formula: (20HasNsOs, Molecular Weight: 557.68

{0443} Total H count from HNMR data: 43

{0444] Step 7 Preparation of (VII), N-2,6-dioxo-3-piperidyl}-S-[3-[isopropyl (4~

piperidylmethyDaminojeyclobutoxylpyridine-2-carboxamide

H
. O N z0

BoCp ™, Y ﬁ\ j: hid HClidioxarne HNT \(’ j

N P e e u\
L\'/A\v/f\; oy :':/ N N "~ BOM. 15 0 1 & \’,N/,‘_/,\ \// N
\ i H e e AR 1§
\—/\O/\\;f —)\yO/ /
(v

(ViR
[0445] To a solution of tert-butyl  4-[[|3-[{6-[{2,6-dioxo-3-pipendyiicarbamoyi}-3-
pyridyiloxy] cyclobutyli-isopropyvl-amino]methylipiperidine-1-carboxylate {160 mg, 0.28 mmol,
1 g} 1o dichloromethane (S mL) was added hydrochloric acid (4 M in dioxane, 3 mL}. The reaction
mixture was stured at 15 °C for 1 houwr. LOMS showed desired compound was detected. The
reaction miuxture was concentrated under reduced pressure. N-(2,6-dioxo-3-piperidyhy-5- [3-
isopropyl{4-pipenidylimethylaminojeyciobutoxypynidme-2-carboxamude (140 mg, crude,
Hydrochlonide} was obtamed as a gray solid.

[0446]  LOMS: MS (ESI)mz: 458.1 [M+1]*

{0447} Chemical Formula: CaaHasNsGu, Molecular Weight: 457 57

{6448} Step 8. Preparation of {(ompound No. 24, N-{4-(3-chiorg-d-cyano-
phenoxyjcyclohexyli =5-{4-[[13-[[6-{{2,6-dioxo-3-piperidylicarbamoyl]-3-
pyridyiloxylcyclobutyl}-isopropyl-aminoimethyl}-1-piperidyljpyrazine-2-carboxamide
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{06449] A solution of N-(2,6-dioxo-3-piperidyl}-5-[3-[isopropyi{4-piperidylmethyllamino]
cyclobutoxylpyridine-2-carboxamide {140 mg, 0.28 mmol, 1 eg, Hydrochloride), S-chloro-N-[4-
{3-chloro-d-cyano-phenoxyjeyclohexylipyrazine-2-carboxamide (110 mg, 0.28 mmol, 1 ¢¢) and
dusopropyl ethyl amine {109 mg, 0.85 mmol, 3 eg} in dimethylsulfoxide (5 mL} was stured at 120
°C for 4 hours. LCMS showed deswred compound was detected. The reaction mixture was
guenched by addition water {50 oL}, extracted with ethyl acetate (50 ml x 3}). The combined
organic layers were washed with brine (50 mL x 2), dried over anhydrous sodium sulfate, filtered
and concentrated under reduced pressure. The residue was purtfied by prep-HPLC {column:
Phenomenex Synergt C18 150%25%10um;mobile phase: [water{0 225%FA}-ACNLB%: 21%-
48%, 10min). N-{4-(3-chloro-4-cvano-phenoxy) cyclohexyl]-3-[4-[[[3-[[6-[(2,6-dioxo-3-
piperidyhearbamovi]-3-pynidyljoxyicyclobutyl}-isopropyl-aminoimethyll- T -pipendylipyrazine-
2-carboxamide (108 mg, 0.12 mmol, 43 % yield, 99% purity, formate) was obtained as an off-
white solid.

6439} LOMS: MS (ESTym/z: 8122 [M+1]7

{0451} Y NMR: (400MHz, BMSO-ds)

{0452} 0. 10.84 (s, 1H), 8834 {d, /=84 Hz, 1H}, B.38 (3, 1H), 829~ 8.21 (m, 2H3, B.17 (5, 1H),
8.07-7.95 (m, 2H}, 7.85(d, /=8.8 Hz, 1H), 741 - 732 (m, 2H), 7.11 (dd, /=2 4, 8.8 Hz, 1H}, 4.90
- 4.68 (m, 2H), 459 - 437 (m, 3H), 3.90 - 3.58 {(m, 2H), 3.02 - 2.85 {m, 3H), 2.84 - 2.71 (m, 1H),
253 (d, /=28 Hz 2H), 244 - 231 (m, 3H}, 230-1.95(m, OH), 1.92- 1.79 (m, 4H}, 1.73 - 1.42
{m, 5H), 1.05 (g, /=10.8 Hz, 2H}, 0.92 (d, /=6.4 Hz, 6H)

{0453} Chemical Formula: CaaHsoCINeDs, Molecular Weight: 812.36

{8454} Total H count from HNMR data: 51

{8455] EXAMPLE 11 - SYNTHESIS OF COMPOUND 27

[0456] SCHEME 7. SUMMARY OF THE SYNTHESIS OF COMPOUND 27
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[0457]  Step L

cyclobutoxybenzoate

Preparation  of
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(1), methyl  4-[3-(tert-butoxycarbonylamino)
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{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, 1 eg) mn tetrahydrofuran (150 mbL} was
added triphenylphosphine (4.14 g, 1577 mmol, 1.2 eg) and diisopropyl azodicarboxylate {(3.19 g,
1577 mumol, 3.07 mb, 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 nuxture and stirred for 1 munute.
The agqueocus phase was extracted with ethyl acetate {100 mL x 3). The combined organic phase
was washed with brine (100 mL x 2), dried with anhydrous sodium sulfate, filtered and
concentrated i vacuurm, The crude product was used into the next step without further purification.
Compound methyl 4-[3-{tert-butoxycarbonvlamino} cyclobutoxylbenzoate (6 g, crude) was
obtained as a yellow oil.
[0459]  LCMS: MS (EST) m/z 266.0 [M-56+11"
{0460] Chenucal Forroula: Ci7H2:0sN, Molecular Weight: 321.37

{0461 Step 2. Preparation of (H}, methyl 4-(3-aminocyclobutoxy yhenzoate
O 0]
ot Jj/“\of 1 @/%f
’L“’o 2 o
it {n

{0462] To a solation of methyl 4-[3-(tert-butoxyearbonylaminojeyclobutoxybenzoate (6 g,
1867 mmol, 1 eq} wn dichloromethane (20 mL} was added hydrochloride acid/dioxane (4 M, 93
mi, 20 eg). The muxture was stured at 20 “Cfor 12 howrs. 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 purnification. Compound methyi 4-
(3-aminocyclobuioxyibenzoate (2.5 g, .70 mmol, 51% vield, hydrochloride} was obtained as

a yellow solid.
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18463} Step 3. Preparation of (), tert-butyl 4-[[[3-{4-methoxycarbonylphenoxy)

cyclobutyllamino}methylipiperidine-i-carboxylate

fe)

@
§

O m BOC\N O
HaNy, < kgf oo’ - L:j\Jif\{s - % /u\@/
L)\Q/L% TEA, NaBH(OAC), Y")‘*o/& P

DCE, 15°C, 1 h

{H} )
{0464} To a solution of methyl 4-(3-aminocyclobutoxy)benzoate (2.5 ¢, 9.70 mmol, 1 eg,
hydrochloride} and tert-butyl 4-formylpiperidine-1-carboxylate (2.07 g, 9.70 mmol, 1 eg) n 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 triacetoxyborchydride (6.17 g, 29.10 mmol, 3 eg}) was
added to the muxture. 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 stirred for 1 minute. The agueous phase was
extracted with dichloromethave (100 1ol x 3). The comsbined organic phase was washed with brine
{100 mL x 2), dried with anhydrous sodiuro sulfate, filtered and concentrated 1o vacuum. The
residue was purified by silica gel chromatography (petroleurn ether: ethyl acetate=30:1 to 1011,
dichloromethane: methanol = 50:1) Compound tert-butyl 4-1113~(4-
methoxycarbonylphenoxyjeyclobutyllaminoimethyljpipenidine-1-carboxyiate (1.6 g, 3.82 mmol,
39% vield) was obtained as a white solid.
[0465]  LCMS: MS (S mz 419.2 [M+1]"
{0466] Chemical Formula: CosHzsGsNa, Molecular Weight: 418 53
{0467} Step 4. Preparation of  (IV}, tert-butyl 4-{{isopropyi-{3-(4-

methoxycarbonylphenoxycyclobutyHaminojmethylipiperidine-1 ~carboxylate

Boc. . O i
N H /]J\ \7’ Boc., - o)
7 i N
N, 2 \/
Ty - AN, S
LA A TEA, ACN, 70 °C, 72 & | -
o
}

{H (v
{0468} To a solution of tert-butyl 4-{{{3-{4-
methoxycarbonylphenoxyicyclobutyliaminojmethvl] piperidine-1-carboxylate (400 mg, 0.93

mmol, 1 eg) in acetonitrile (5 mL) was added triethylamine (483 mg, 4.78 mmol, § eg} and 2-
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iwodopropane {1.62 g, 9.56 mmol, 10 eg}. The muxture 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 minute. The aqueous phase was extracted with ethyl 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 t0 0:1). Compound tert-butyl 4-[[isopropyl-
[3-{4- methoxycarbonyiphenoxy)cyclobutyllaminolmethylipiperidine-1-carboxylate (325 mg,
0.70 mmol, 36% yield} was obtained as a brown sohid.

{0469] Step 5. Preparation of (V), 4-[3-[(1-tert-butoxycarbonyl-4-piperidyl} methyl-

isopropyl-aminojcyclobutoxy |benzaoic acid

Boc., .~ 0
Boc N
N Y o LIOH HO Q\;[/ /\\)J\
: o ] Ben- ety ey ¥ OH
No, o T |
U 40°C, 11 h P
(I} {V}

{06470} To a solution of tert-butyl 4-[[isopropyl-[3-(4-

methoxycarbonylphenoxy)cyclobutyliamino] methylpiperidine-1-carboxylate (650 mg, 141
mmol, 1 eg) in methanol {5 mbL), tetrahydrofuran (5 ml} and water (3 mL) was added hthum
hydroxide monohydrate {236 mg, 5.64 mmol, 4 eg}). The nuxture was stirred at 40 °C for 1 hour,
LOMS showed the reactant was not consumed completely. The muxture 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 o § with
hydrochlonide acid (1 M), Water (50 rol.) was poured into the mixture and stirred for T 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 suifate, filtered and concentrated in
vacuum.  Compound  4-[3-{(I-tert-butoxycarbonyi-4-  piperidylimethyl-isopropyl-aming]
cyclobutoxyibenzoic acid (500 mg, 1.12 mmol, 79% vield} was obtained as a brown solid.

[0471]  LCMS: MS (EST) mz: 447.2 [M+1]7

{0472} Chemical Formula: {2sH3eGsNa, Molecular Weight: 446.58

{8473} Step 6 Preparation of (V1) tert-butyl  4-[[[3-[4-[{2,6-dioxo-3-piperidyl)

carbamoyljphenoxy jcyclobutyll-isopropyl-aminoimethyl]piperidine-1-carboxylate

i8¢
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[0474] To a solution of 4-[3-{(1-tert-butoxycarbonyl-4-piperidylimethyl-isopropyl-aming]
cyclobutoxylbenzoic acid {500 mg, 1.12 mmol, 1 eg) i N N-dimethyiformamide {5 mL) was
added o-(7-azabenzotriazol-1-yh-n,n n' n'-tetramethyluronium  hexafluorophosphate (638 mg,
1.68 mmol, 1.5 eg) and triethvlamine (339 mg, 3.36 mmol, 3 eg). 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
nuxture and stirred for T minute. The agueous phase was extracted with ethyl acetate (S0 mbL x 3).
The combined organic phase was washed with brine (100 mL x 2}, dried with anhydrous sodium
suffate, filtered and concentrated wn vacuum. The residue was punified by prep-TLC
{dichloromethane:  methavol = 10:1).  Compound tert-butyl  4-{{[3-[4-[(2,6-dioxo-3-
piperidycarbamoyvi]phenoxyleyclobutyl-isopropyl-anunolmethylpiperidine- 1 -carboxylate
{100 mg, 0.17 mmol, 16% vield) was obtained as a vellow oil.

[0475]  LOMS: MS (EST) m/z: 557.3 [M+1]7

{08476} Cherocal Formula: CaoHasNaOs, Molecular Weight: 556.69

164771 Step 7. Preparation of (VI N-{2,6-dioxo-3-pipertdyi-4-[3-[isopropyl{4-

piperidylmethylaminoloyelobutoxy lbenzamide

H
O N0 N -
Boo. o "X \f’ HCldioxane 1 \( I/j/
M - L _A_n, PN
e h’ »4 /\] M :
H
/E 2

V‘\% H

v Vi
{0478} To a sohition of tert-buiyi 4-{{13-14-{2,6-dioxo-3-
piperidylycarbamoyljphenoxylcyclobutyll- isopropyl-aminofmethylipiperidine-1-carboxylate

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

the next step without fusther purification. Compound N-(2,6-dioxo-3-piperidyi}-4-[3-fisopropyl

187



ARVN-GOT7/001 WO 331216-2140

{(4d-pipenidylmethyllaminoicyclobutoxy tbenzamide (70 mg, 0.14 mmol, 79% vield, hvdrochloride)
was obtained as a brown solid.

[0479]  LCMS: MS (EST) mz: 457.4 [M+1]7

{6480} Chemical Formula: C2sHseNa(4, Molecular Weight: 456.27

{0481} Step 8. Preparation of Compound 27, N-{4-(3-chloro-4-cyano-phenoxy yeyclohexyl] -
6-{4-{14-{6-[(2,6-dioxo-3-pipenidyljcarbamoyl]-3-pyridyiipiperazin- 1 -y imethyl}-1-

piperidyl]pyridazine-3-carboxamide
. NTCl

N\ !
. A NH
i 7R >
, e 0O
HN/W;V j\ L G NN
K/ N7
H

(ViR

T DIEA, DMSO, 120°C. 21
Yo f"/
\J
O
2
(Vi) i
-
G ......
----- NH
Y
=] 'NIMQ“HO
N /7
‘;q____z/>_ N
27

{3483] To a solution of N-{2,6-dioxo-3-piperidyi}-4-[3-[isopropyl{ 4-piperidylmethyDamino]
cyclobutoxyibenzamide (70 mug, 0.14 mmol, 1 ¢g, hydrochlonde} and (VI), S-chloro-N-[4-(3-
chloro-4-cyano-phenoxy)jcyclohexyllpyrazine-2-carboxamide (55 wmg, 014 mmol, 1 eg)
n dimethylsulfoxide (2 ol was added dusopropylethylamine (110 mg, 0.85 mmwol, 6 eg). The
mixture was stirred at 120 °C for 2 hours. LOMS detected the desired MK, Water (S0 mL} was
poured mito 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 sodiom sulfate, filtered and concentrated in vacuum. The residue was purified by prep-
HPLC (column: Phenomenex Synergt CI18 130%25%10unymobile phase [water{0. 225%FA)-
ACNLBY%: 14%-44%,10min}. Compound N-{4-(3-chlorg-d-cyvano~ phenoxyicyclohexyil-5-[4-

Hi3-[4-[(2,6-dioxo-3-piperidylicarbamoyl]phenoxy jeyclobutyl-isopropyl-aminojmethyi]- 1 -

18%
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piperidyl]pyrazine-2-carboxamide (34.4 mg, 0.03 mmol, 27% vield, 98% purity, formate} was
obtained as a vellow solid.

[0483]  LOMS: MS (BSD) sz 811.3 [M+1]7

(64841 "H NMR: (400MHz, DMSO-ds)

[0485] 47 10.82 (s, 1H), 8.62 - 8.54 (m, 2H), 8.23 (d, /=8.8 Hz, 2H), 8.04 (d, /=8.0 Hz, 1H),
7.80 - 7.75 (m, 3H), 7.36 (d, J=2.4 Hz, 1H), 7.12 (dd, J/=2.4, 8.8 Hz, 1H), 6.88 (d, J=8.8 Hz, 2H),
479 - 468 {m, Z2H), 4.49(d, /~12 4 Hz, 3H), 3.88-3.77 {mm, 1H}, 3.69-3.67 {(m, 1H), 3.01 - 286
(m, 3H), 2.84 - 2.72 (my, 1H), 2.57 - 2.52 (m, 1H), 2.38 (d, /=13.8 Hz, 1H), 2.25 (d, /=6.8 Hz, 2H),
2.21 - 2.03 (m, 6H), 1.96 (dd, J=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, J=6.4 Hz, 6H)

{0486} Chemical Formula: CssHaClOsNs, Molecular Weight: 810.36

[0487] HXAMPLE 12 - SYNTHESIS OF COMPOUND 28

[0488] SCHEME 8. SUMMARY OF THE SYNTHESIS OF COMPOUND 28,
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{0489} Step 1. Preparation of (1),

piperidy hmethylpiperazin- 1~V1}pyl idazine-3

Or

0 KV
ﬂ/\ ~o”
c NN
{

{6490}

2.530 eq) and tert-butyl

-carboxvlate

K.C Qé’ DVE Bo«:\ /j\//\N

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

pji/

{in

To a solution of (I}, methyl 6-chloropyridazine-3-carboxylate (500.00 mg, 2.90 mmol

3 gt o —‘— 3
1.00 eqg) in N )N-dimethylformarnde {6 ml) was added potassiurn carbonate (1.00 g, 7.24 mmol

4-(piperazin-1-ylmethyipipenidine- 1 -carboxvlate (A, 903.26 mg, 3.19

nunol, 1.10 eq). The muxture was stirred at 80 °C for 13 h. LOMS showed the desired MS was

found and methy! 6-chloropyridazine-3-carboxylate was consumed compi

156G

etely.

The muxiure 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 mb), dried over sodium sulfate and
concentrated under reduced pressure to give a vellow solid  The solid was dissoived 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-piperidyymethylpiperazin-1-yljpyridazine-3-carboxylate (880.00 mg, 2.10
mmol, 72% vield} as a ight yellow solid, which was used in next step directly.

[0491]  LOMS: MS (ESD) m/z: 420.2 [M+1] +

[0482]  1H NMR: (400 MHz, CDCI3)

[0493] & 7.88 (d, J=0.6 Hz, 1H), 6.85 (d, J=9.6 Hz, 1H), 4.04 - 4.20 (m, 2H), 4.00 (s, 3H),
375-3.84 (m, 4H), 2.71 (t, I=11.6 Hz, 2H), 2,53 (1, J=4. 8§ Hz, 4H), 2.23 (d, J=7 2 Hz, ZH)}, 1.76
(d, 3=13.2 Hz, 2H), 1.65 - 1.71 (ny, TH), 1 46 (s, 9H), 1.04 - 1.16 (m, 2H).

[0494] Chemical Formula: C2TH33N504, Molecular Weight: 419.52

[0405] Step 2. Preparation of {1i1}, o-[4-[{1~tert-butoxycarbonyi-4-

piperidy methylpiperazin- L-ylpynidazine-3-carboxylic acid

/E”“\ﬁ”[\o” LIOH/H,O 2 )J\OH
L o
> e - >
BOC\N "‘/\N N,N AMeOH Boc N K\N N N
(1) g

{8496] To a solution of methyl 6-[4-[(1-tert-butoxycarbonyl-4-piperidy Dmethyvlipiperazin-1-
vilpyridazine-3-carboxylate (880.00 mg, 2.10 mmol, 1.00 eq} in methanol {10 mL} and water (3
ml} was added Iithium hydroxide (264.07 mg, 6.29 mmol, 3.00 eq) at 15 °C. The mixture was
stirred at 15 °C for 2.5 h. LCMS (EW10815-22-P1A) showed the desired MS was found and
methyl 6-[4-[(1-tert-butoxycarbonyl-4-piperidyhmethylpiperazin-1-ylpynidazine-3-carboxylate
was consumed completely. The mixture was concentrated under vacuum to give a vellow solid.
The solid was dissolved with water (16 mL} and adjusted pH to 3 with hydrochloric acid solution
{1 M}. Then the suspension solution was filtered. The fiiter cake was dried under vacuum to give
6-{4-{{1-tert-butoxycarbony -4-piperidvimethylipiperazin- 1-yljpvridazine-3-carboxylic actd
{760.00 mg, 1.87 mmol, 89% yvield) as a hight yellow solid, which was used in next step directly.

[0497]  LCMS: MS (ESI) m/z: 406.1 [M+1] +

191
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10498} TH NMR: (400 MHz, DMSO-d6)

{0499} & 1130 (brs, 1H), 792{d, }=0.6 Hz, 1H}, 744 (d, J=9.2 Hz, 1H), 457 (d, J=13.2 Hz,
2H), 391 {d, I=11.6 Hz, 2H), 3.75 {1, J=12.0 Hz, 2H), 3.60(d, J=11 2 Hz, ZH), 3.10 (s, 2H), 3.01
{d, I=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)}, 139 {s,
9H), 1.00-1.15 {(m, 2H).

{6500] Chemical Formula: C20H31N504, Molecular Weight: 405 49

{0581} Step 3. Preparation of (Ivy, tert-butyl 4-{{4-[6-[(2,6~-dioxo-3-

piperidylcarbamoylipyrnidazin-3-yljpiperazin-1-yljmethylipiperidine-1 -carboxylate

o e f o
1 N /'\T,NH
fq)LOH 2 ,:‘ /E\\/“*N 4
i ——-b»
Boo I/\N/\\"N’N EDCI, HOBL, rw»Boc Ve \
\J\/’N\/’j N
[0502] ae) W

[0503] To a solution of 6-[4-[{1-tert-butoxycarbonyl-4-pipenidyhmethyilpiperazin-1-
vipyridazine-3-carboxylic acid (200.00 mg, 493.23 umol, 1.00 eg) in N N-dimethylformamide (3
mb} were added hydroxybenzotriazole (8664 mg, 64120 umol, 130 eqg), 1-(3-
dimethylaminopropyl-3-ethylcarbodiinude hydrochlonide (122.92 myg, 641.20 umol, 1.30 eq),
disopropylethylanune (254 99 mg, 1.97 mmol, 343.65 ul, 400 eq), 3-ammopiperidine-2,6-
dione;hydrochloride (97.42 mg, 591.88 umol, 1 20 ¢g) at 1S °C. The muxture was stured at 15 °C
for 16 h. LCMS (EW10815-25-P1(2) showed the reaction was completed. The muxture was
dihuted with water (10 mL) and extracted with ethyl acetate (2 x 5 mL}. The combined organic
phases were washed with brine (10 mL), dried over sodium sulfate and concentrated under vacunm
to give a residue. The residue was purified by prep-thin layer chromatography (dichloromethane:
methanot = 100 1} to give tert-butyl 4-[{4-[6-[{2,6-dioxo-3-pipertdylicarbamoyl]pyridazin-3-
viipiperazin-1-yiimethytpipenidine- T -carboxylate (200.00 mg, 387 8% umol, 79% vield) as a hght
vellow oil.

{0504] LOMS: MS (ESIy m/z: 5163 [M+1] +

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

piperidyimethyl}piperazin-1-yijpyridazine-3-carboxamide
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N UNH | NH
o , HCl/dioxane = N
N HCI /\li_ NH I
NN
NT N

Baci?j NL/ r/\\jf SN G N@\/ [/\ ;,/

{iv} {v}
{0506} To a solution of tert-butyl 4-{[4-{6-{(2,6-dioxo-3-pipenidylicarbamoyl]pyridazin-3-
viipiperazin-1-yvijmethylpiperidine-I-carboxylate (200.00 mg, 38789 umol, 1.00 eg) in
dichloromethane (2 mL) was added hydrochloride / dioxane (4 M, 2 mL, 20.62 eg) 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-[(2,6-dioxo-3-piperidyljcarbamoyl]pyridazin-3-vipiperazin-1-
viimethyijpiperidine-1-carboxvlate was consumed completely and a main pomt was found. The
nuxture  was concentrated under vacuum to  give N2 6-dioxo-3-piperidyl}-6-[4-(4-
piperidylmethyDpiperazin-1-yljpyridazine-3-carboxamide {160.00 mg, 354.02 umol, 91% vyield,
hydrochloride salt) as a hight yellow solid, which was confirmed by LOCMS (EW10815-27-P1C2)
and NMR.
{0587} LOMS: MS (EST) m/z: 4343 [M+19] +
{0568] TH NMR: (400 MHz, DMS(-d6)
{0509} S 1140 (brs, 1H), 10.86 (5, 1H), 9.16 (br d, J=8.4 He, 1H}, 8.86 - 0.08 (m, 1H), 7.97
{d, I=0.6 Hz, 1H), 7.55 (d, J=0.6 He, 1H), 481 - 4.87 (m, 2H), 438 (d, =13 6 Hz, 2H), 3.75 (¢,
J=12.4 Hz, 2H), 3.64 (d, J=11.6 Hz, 2H), 3.25(d, J=12.4 Hz, 2H), 3.02 - 3.18 (1, 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
{0511} Total H count from HNMR data: 30,
{6812} Step S. Preparation of Compound 28, N-[4-(3-chloro-4-cvano-phenoxy)oyclohexyl]-6-
[4-{4-]6-[(2,6-dioxo-3-piperidy Dearbamoylpyndazin-3-viipiperazin- 1 -yl jmethyij-1-

piperidyl]pyridazine-3-carboxamide
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{8513} To a solution of N2 6-dioxo-3-piperidvi}-6-[4-(4-piperidylmethylipiperazin-1-
vijpyridazine-3-carboxamide (100.00 mg, 221.26 umol, 1.00 egq, hydrochloride salt} in dimethyl
sulfoxade (2 mL) was added ditsopropylethylanmine (114.39 mg, 885.06 umol, 154 16 ul, 4.00 eg)
and 6-chloro-N-[4-{3-chloro-4-cyano-phenoxy jeyvclohexylipyridazine-3-carboxamide (B, 100.00
mg, 255,59 umol, 1.16 eg) at 100 °C. The mixture was stirred at 100 °C for 16 h. LCMS showed
the reaction was completed. The nuxture was filtered. The filtrate was purified by prep-HPLC
{columuu Phenomenex Synergt C18 150%25%10um;mobile phase: [water{0.225%FA}-ACN]; BY%:
18%4-48%,10nun) to give N-[4-(3-chloro-4-cyano-phenoxy)eyclohexyl}-6-[4-[{4-[6-[{2,6-dioxo-
J-pipenidyljcarbaroylipyridazin-3-ylpiperazin-1 -ylmethyil-1 -pipendylipvridazine-3-
carboxamide (25.70 rag, 31.17 umol, 14% vield, 99% punity, formate) as a brown solid, which was
contirmed by 1H NMR and QC-LCMS

{0514] QC-LCMS: MS (EST) w/z: 7702 [M+1] +

{0515} TH NMR: (400 MHz, DMS(O-d6)

{0516} & 10.83 {brs, 1H}, 908 (d, J=8.4 Hz, 1H), 856 (d, J=8.4 Hz, 1H), 830 {s, 1H), 786
{dd, J=9.6, 4.0 Hz, 2H}, 780 (d, J=9.6 Hz, 1H), 7.31 - 7.39 (m, 3H), 7.13 (dd, J=8.8, 2.4 Hz, 1H},
471 -4.89 (m, 1H), 445 -459(m,3 H), 3.80-3.92 (m, 1H}, 3.69- 376 (m, 4H}, 3.44 - 3.58 (m,
4H}, 2.97 - 3.10 {m, 2H3, 2.73 - 2.86 (m, TH), 2.53 - 2.58 (m, 1H), 2.18 ~ 2.25(m, 3H), 2.11 {d,
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3=9.6 Hz, 2H), 1.97 - 2.04 (m, 1H), 1.83 - 1.96 {m, SH), 1.58 - 1.69 (m, 2iL), 1.46 - 1.58 (m, 2H),
1.07 - 1.21 {m, 2H).
{0517} Chemical Formula: CaeHaaCINnOs, Molecular Weight: 770.28

{0518} EXAMPLE 13 — SYNTHESIS OF 5-[4-[[1-[4-[[3-(4-CYANO-3, 5-DIMETHYL-PHENOX Y }-2 2,4 4~
TE”,{RAI\/IETHYL{YCLOEUTYL}CARBAMOYL}PHEN‘Y"] ~4-FIPERIDYL JMETHYL JPIPERAZIN-1-YL}-N-
[(35)-2,6-DIOX0-3-PIPERIDYL [PYRAZINE~2-CARBOXAMIDE {COMPOUND 33)

~

{6519 SCHEME 8. SUMMARY OF THE SYNTHESIS OF COMPOUND 33
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{0828} Step 1. Preparation of Methyl-S5-(4-{(1-(4-({({1r,3r)}-3-(4-cyano-3-methoxyphenoxy -
2,2,4,4-tetramethyleyclobutyDearbamoyipheny Dpiperidin-d-yDmethylpiperazin- T -yljpyrazine-

Z-carboxylate

o K g
\ e :
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{0521} To a solution of methyl 5-piperazin-1-ylpyrazine-2-carboxylate (159 mg, 0.61 mmol, 1.00
eq, hydrochioric acid} in dichloromethane {2 ml} and dimethylformanmude (1 mL) was added
triethylamine (62 mg, 0.61 mmol, 1.00 eq)}, acetic acid (36 mg, 0.615 mmol, 1.00 eg} and N-[3-(4-
cyano-3,5-dimethyl-phenoxy}-2,2 4 4-tetramethvi-cyclobutyl}-4-{4-formyl-1-

piperidylibenzanude (300 mg, 0.61 mmeol, 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. LCMS showed that the reaction was completed. The reaction

was added water (50 mL} and extracted with dichloromethane (30 mL x 3}, The organic layer 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/vi-FACN]B%: 58%-88%,11 Smun} to give methyi 5-
[4-f{1-{4-{{3-(4-cyano-3,5-dimethyl-phenoxy}-2,2 4 4-tetramethyl-
cyclobutyljcarbamoyliphenyi}-4-piperidylimethylipiperazin-1-yljpyrazine-2-carboxviate (300
mg, 0.43 mmol, 70% vyield) as a vellow solid.

[0522) MS (ESD mv/z: 694.4 [M+1]"

{0523} Chemical Formula: CaoHsiNoOs, Molecular Weight: 693 .88

{0524 Step 2: Preparation of S5-(4-({1-{4-({(11,3r}-3-(4-cvano-3,5-dimethyiphenoxy)-2,2.4,4-
tetramethylcyclobutylicarbamoyliphenyhpiperidin-4-ylmethylipiperazin-1-vipyrazine-2-

carboxvlic acid

f’”lr“o"'rl;: 1 i N "3"»‘—4[" ¢ o
v \!/I /‘r ﬁA\H/ﬁ fN \I/ O eon egfi‘\\_/iy /‘/ \’”’r:;/d\{\ f" ‘H/jl\CH
\\//\N/\] i/*\!,?lz*\\N/ W N } i :\?, “N"\I //\‘N’ \'.\i’!
l\\/ N 802 ‘\/’:\/". ~

[0523] To a solution of methyl 3-[4-[[1-[4-[[3-(4-cyano-3,S-dimethyl-phenoxy}-2.2,4 .4~
tetramethyl-cyclobutyljcarbamovlphenyli-4-pipendylimethylipiperazin-1-yljpyrazine-2-
carboxylate (300 mg, 0.43 mmol, 1.00 eq} wn tetrahydroturan (5 mL), rmethano! (5 mL) and water
(S ml} was added sodium hydroxide (138 mg, 3.46 mmol, 8.00 eg). The nuxture was stirred at
30 °C for 12 h. LOMBR showed that the reaction was completed. The mixture was adjusted with
diluted 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 NH4HCO3AUN]B%: 33%-63%,11 Smun} to give 3-[4-[[1-[4-{{3-(4-
cyano-3,5-dimethyi-phenoxy3-2,2 4 4-tetramethyi-cyclobutyljcarbamoylphenyti-4-
piperidylimethylipiperazin-1-yl{pyrazine-2-carboxylic acid {200 mg, 0.27 mmol, 64% yield,
hydrochloric acid} as a white solid.

[0526] MS (ESI) m/z 678.4 [M-11".

{0527} Chemical Formula: CaoHaoN-O4, Molecular Weight: 679.85

i%¢
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{0528} Step 3:  Preparation of 5-(4-({(1-{4-{{{11,3r}-3-{4-cyano-3,5-dimethyiphenoxy}-2.2,4 4~
tetramethyloyclobutylicarbamovhphenylipiperidin-d-ylimethy Dpiperazin-1-y13-N-{({8}-2,6-

dioxopiperidin-3-yhpyrazine-2-carboxamide, Compound 33
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{9529] To a solution of S5-[4-[[1-[4-[[3-(d-cyano-3,5-dimethyl-phenoxy}-2,2,4 4-tetramethyl-
cyclobutyljcarbamoyljphenyl}-4-piperidylmethyljpiperazin-1-ylipyrazine-2-carboxylic actd
{100 mg, 0.14 mmol, 1.00 eg, hydrochloric acid} m dimethylformamide (2 mb) was added 4-
methylmorpholine (74 mg, 0.73 mmol, 5.00 eq), hydroxybenzotriazole (23 mg, 0.17 mmol, 1.20
eq), 3-{ethyliminomethyleneamino)-N,N-dimethyl-propan-1-amine hydrochloride (33 mg, 0.17
mmol, 1.20 eq) and (38)-3-anunopiperidine-2,6-dione (36 mg, 0.22 mmol, 1.50 eq, hydrochloric
acid). The nuxture was stired at 20 °C for 12 h. LOMS showed that the reaction was completed.
The nuxture was added dichlororsethane (20 ml) and water {20 mL). The mixture was extracted
with dichloromethane (20 mL x 3} The organic layer was dried over sodwwm sulfate and
concentrated under reduced pressure to give the residue. The residue was purified with preparative
HPLC (coluron: Shum-pack CI8 150%25%10um;mobile phase: [water{0.2253%FA)-ACN]; B%:
25%-535%,10mun} to give S5-[4-[[1-[4-[[3-(4-cyanc-3,5-dimethyl-phenoxy-2,2,4, 4-tetramethyl-
cyclobutylicarbamoylphenyil-d-pipenidyljmethyl]piperazin-1-v1}-N-{{38}-2,6-dioxo-3~
piperidyl]pyrazine-2-carboxamide (52.7 mg, 62.41 umol, 42.43% vield, 99% purity, formate salt)
as a white sohid

[0530] MK (ESD ov/z 790.5 IM+117

10531} ‘H NMR. (400 MHz, DMSO-de)

{0532] & 10.86 (s, 1H}, B70-85%(m, 2H), 832 (s, 1H), 7.75(d, J =88 Hz 2H}, 749 (d, ] =92
Hz, TH), 6.97(d, J =92 Hz 2H}, 6.74 {s, 2H), 4 81 - 468 (m, 1H} 423 (s, 1H), 404 (d, =92
Hz, 1H}, 387 (brd, J =132 Hz ZH}, 3.73 (brs, SH), 2.87 - 2.73 (m, 3H), 2.56 - 2.53 {m, 4H},
244 (s, 6H}, 225 - 217 (m, 3H), 199 {brd, } = 124 Hz, 1H), 1.83 (brd, J = 11.6 Hz 3H}, 123
{s, 8H}, 1.13 (s, 6H)}.

{0533} Chenucal Formula: CasHssNo(s, Molecular Weight: 789.96

{8534} Total H count from HNMR data: 55
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{8535] EXAMPLE 14 — SYNTHESIS OF 4-[3-[9-{4-[[3-(4-CYANG-3-METHOXY-PHENQXY }-2,2, 4 4~
TETRAMETHYL-CYCLOBUTYL JCARBAMOYL [PHENYL}-1-ONA-4,9-DIAZASPIRG] 5. S JUNDECAN-4-
YL]CYCLOBUTOXY -N-{{38}-2,6-DIOXO-3-PIPERIDYL |- 2-METHOX Y -BENZAMIDE (COMPOUND 34}

{0536] SCHEME 9. SUMMARY OF THE SYNTHESIS OF COMPOUND 34

i i
o A Is Lo
i \J .“i‘/.A.H A Py 2
NN, P e le - L, ,J\/\
HOT N o B : P AT H R
{ i . N = H | {
SN 3 S NF O
S N \5/\ (7% TEA DMF > BN SN 7Ny
I\\/';’ "fj oG 12h i‘\ /5’/\.'\4 - ./I A2
O e o i
~ onA oL ©
ey /‘/ L /-I\’/ 9]
putl o2 AL
T, LT ST
WZ -~ _— [EEEE—— J ' LA om0
\/\\ o) SN o \ o
TN OL! 1 EDGH, HOBL NMM, OMF R I -’f/\, —~ ,LJ J\

P \Vo\n/or- 25°C. 9 N4 \/\ﬂ/ N
4 ! S, ?
=N ) e o © \/§‘o

{#537] Step 1. Preparation 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 Stundecan-4d-yljcyclobutoxy]-
2-methoxy-benzoate

1%
}

Ho™ \,/ ! by

i J - Y 1
; = i

\../ g l\, - \w — B N L ,.4L o~ .\N;‘Q A

i \J,,l\j E A o EDSLHOBLTEAOMF £ TN 7Y

= L [ ) ! -
] i A 25°C, 12h k/,’ j NN
O oL © O oL 0

[0538] To a muixture of 4-[4-[3-(3-methoxy-4-methoxvycarbonyl-phenoxy)eyclobutyl}~1~-oxa-4,9-
diazaspurof 5. Shundecan-9-ylibenzowcacid {250 mg, 0.4%9 mmol, 1.00 eq) and triethylamine (248
mg, 245 mmol, 034 mbL, 300 eqg) in N N-dimethylformarmde (4 ml) was added 3-
{ethyliminomethyleneamino}-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-methoxy-benzonitrile {134 mg, 049 mmol, 1.00 eq, hydrochloric acid). The
mixture was stirred at 25 °C for 12 h. LOMS showed the reaction was finished. The reaction
mixture was filtered and the filtrate was directly purified by preparative HPLC (Columun:
Phenomenex funa C18 150%40mm™® 15um, Condition:water {0.225%FA )-AUN) to give methyl 4-
[3-[9-{4-[[3-(d-cyano-3-methoxy-phenoxy)-2,2,4 4-tetramethyl-cyclobutyljcarbamoytphenyli]-1-
oxa-4, 9-diazaspire] 5. Shundecan-4-ylicvelobutoxy-2-methoxy-benzoate (180 mg, 0.23 mmol,
48% yield} as a light yellow solid.

10539 MS (ESD my/z: 767.6 [M+1]7

198
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{0548} Chenucal Formula: CaaHsaNaOz Molecular Weight: 766.92

{05841} 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. 5 fundecan-4-vicy clobutoxyj-2-methoxy-

benzoic acid

& E .C',Q\‘_J&/' \E\\/ fy\l/O\r,)/ j
,,;/K/ /r J"ﬁj/ i /\'_ NaCH z \‘/ Ty \./\= -
N N \/\N”\ [ i/\\\ MeOM, H20. THF " AN Sy !r\T\W\?I/\\:
L\ AT *”’\J \rf/\r 0. 500, iZh L\v/l/\;?p“\' '\w,;—kj{,or«:
5N oL O O 5. &

{0542} To a mixture of methyl 4-[3-[9-[4-[[3-(4-cyano-3-methoxy-phenoxy)-2, 2,4, 4-tetramethyl-
cyclobutyl} carhamoyi] phenyl}-1-oxa-4 S-diazaspiro[ 5. Sfundecan-4-vlcyclobutoxy]-2-methoxy-
benzoate (180 mg, 0.23 mumol, .00 eq} in methanol (2 mL), water {2 mL) and tetrahydrofuran (2
mkb} was added sodium hydroxide {47 mg, 1.17 mmol, 5.00 eq). The mixture was stirred at 50 °C
for 12 h. LOMS showed the reaction was fiushed. 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 to give
4-13-{9-[4-[[3~(4-cyano-3-methoxy-phenoxy}-2,2.4, 4-tetramethyl-cyvclobutyl]
carbamoyliphenyi]-1-oxa-4,9-diazaspiro[S. S fjundecan-4-yljcyclobutoxy }-2-methoxy-benzoic

acid {160 mg, 0.21 romol, 91% yield) as a white sold.

[0543] M8 (EST) vz 753.2 [M+1}17.

{0544} Chemical Formula: CasHsoNaOe Molecular Weight: 752.89

{0548} Step 3; Preparation of 4-[3-[9-[4-[[3-{4-cyano-3-methoxy-phenoxy)-2,2,4,4-tetramethyl-
cyclobutylicarbamoylphenyi}-1-oxa-4,9-diazaspire]S Slundecan-4-vieyclobutoxy-N-{(35)-2,6-

dioxo-3-piperidyl }-2-methoxy-benzamideCompound 34

o
[0546]
e} /l,/ -
PENGPS If/\/ ,.“_\— : J,L
i ; g
’ \‘ # .- S
\//;./J%T/ ] = . T/ A \;/ .
i © » Q. NN Fy YN [
Yl ~ ] \. iy ¥ “ /,L
L / i S NI
& H N
& L8
Exarmple 24 e v %

{8547 To a solution  of4-[3-[S-[4-{[3-(4-cvano-3-methoxy-phenoxv)-2,2,4, 4-tetramethyl-
cyclobutyljcarbamoyljphenyl]-1-oxa-4,9-diazaspiro[5. Shundecan-4-ylcyclobutoxy -2-methoxy-

benzoic acid (160 mg, 0.21 mmeol, 1.00 eq} in N N-dimethyiformannude {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 eq), 3-(ethyhminomethyleneamino)-N N-dimethvi-propan-1-amine; hydrochloride (49
mg, 0.26 mmeol, 1.20 eq) and (3S)-3-aminopipertdine-2 6-dicne (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 directly purified by preparative HPLC
(Column:?henemenex funa C18 150%40mm™ 15um, Conditionwater {0.225%FA-ACN]} to give
4-[3-{9-{4-{[3-{4-cyano-3-methoxy-phenoxy}-2,2,4 4-tetramethyl-cyclobutyl]carbamoyli}phenyi}-
{-oxa-4.9- diazaspue{*s Stundecan-4-viicyclobutoxy-N-{{(38)-2,6-dioxo-3-piperidyl}-2-methoxy-
benzamide (130.0 mg, 0.15 mmol, 70% yield, 99% purity) as a oft-white solid.
[0548] MS (EST) mo/z: 8633 [M+117.
[0549] 'H NMR: (400 MHz, DMSO-ds)
[3556] & 1088 (s, 1H}, §48 (d, J=0.8 Hz, 1H), 7.86 (d, =88 Hz, 1H), 7.75 (d, I=9.2 Hz, 2H},
7.6S {d, =88 Hz, 1H), 750 (d, =92 He, 1H), 6.98 {d, =02 Hz, 2H), 6.64 (d, }=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 {m, 3H), 2.95-2.70 (m, 3H), 2.43-
237 {m, 2H), 2.30-2.25 {m, 1H), 2.21-2.07(m, 6H), 1 97-1.88 {m, 2H), 1.69-1.539 {m, 2H}, 1.23 (s,
6H), 1.15 (s, GH).
{0551} Chemical Formula: CaxHssNe(Oo, Molecular Weight: 863 01
{8552] EXAMPLE 15 — SYNTHESIS OF 4-[3-[9-[4-[[3-(4-CVANG-3,5-DIMETHYL-PHENOXY }-2,2,4 4~
TETRAMETHYL-CYCLOB UTYL} CARB AMOYL}PH E\I‘ﬂj ~1-OXA-4 S-DIAZASPIRG E 5 5} UNDECAN~4~
YLICYCLOBUTONY -N-{{38}-2,6-DIGKO-3-PIPERIDYL |- 2-METHOX Y -RENZ AMIDE (COMPOUND 35}

10853] ScHEME 10 SUMMARY OF THE SYNTHESIS OF COMPOUND 35

HO O, NPECNGECN HO 2y,
N AT B ; . , N
\‘E/\ BABr, K005 OO | K;CO3, Mel | . o FAfC, Ha (15 Psi) j\ -
———e P O~ e e £
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{05533} To a solution of methy! 2 4-dihydroxybenzoate (1.00 g, 5,95 mmol, 1.00 eq) and potassium
carbonate (1.64 g, 11.8%9 mmol, 2.00 eq) 1n acetomtrile {20 ml) was added benzy] 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 muxture 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 mixtore was filtered.
The filtered cake was collected and dried under reduced pressure to give methyl 4-benzyloxy-2-
hydroxy-benzoate (1.00 g, 3.87 mmol, 65% yield) as white solid, which was ased mn next step
directly.

[0556] MS (ESI) m/z 259.1 [M+1]"
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[0557] HNMR: (400MHz, CDCL:)6 = 10.98 (brs, 1H), 7.77(d, § = 8.4 Hz, 11}, 7.50-7.34 (m, 5H),
6.59-6.52 (m, 2H), 5.11 (s, 2H), 3.94 (s, 3H).
{0558} Chenucal Formula: CisHiaO4 Molecular Weight: 25827

{0559} Step 2: Preparation of Methyl 4-benzyloxy-2-methoxy-benzoate

O
) Bn” \f/\
\[ Kz S04, Mel Lol
7 '
i ,

om 2f C 1
{08566] 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 mL, 2.33 eq} at 25 °C. The muxture was stirred at 25 °C
for 3 h. LCMS showed the reaction was finushed. The mixture was diuted with ethyl acetate (50
k. x 3} and washed with water (50 mL). The organic layers 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 =101, 20 mLy at 25 °Cfor 0.5 h
The muxture was filtered. The filtered cake was collected and dried under reduced pressure to give
methyl 4-benzyloxy-2-methoxy-benzoate (0.80 g, 2.94 mmol, 76% vield) as a white sohid.

[0561] MS (ESD vz 273.1 IM+1]7

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

{0563} Chemical Formula: CieHi1s04 Molecular Weight: 272.30

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

x*’\ ~Rey HO. Ry
\L PRC, Ha (15 P s) i
{ o

NN
TMeoH, 260 \f T
!

12h N
{8565} To a solution of methyl 4-benzy}oxy—Z»rne‘thoxy»benzoaie {0.80 g, 2.94 momol, 1.00 eq) in
methanol {10 mL} was added palladium carbon (10%, 0.30 g} under mirogen 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 layver chromatography {petroleum ether

ethvi 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 methyl 4-hydroxy-Z-methoxy-benzoate (0.51 g, 2.82
mmol, 96% vield) as a white solid, which was used in next step directly.

{0566} Chenucal Formula: CoHi004 Molecular Weight: 18217

{8567 HNMR: (400MHz, CDChY = 7.81 (4, J = 8.4 Hz, 1H), 6.52-6.48 {m, 2ZH), 3.88 (s, 3H},
3.84 (s, 3H).

{0568] Step 4: Preparation of rerr-Butyl 1-oxa-4,9-diazaspiro]3. Sjundecane-9-carboxylate

Boc., - o Boo,,
N J PG, My (50Psi,) B )
N NN e ~
N O R L\/ NH
S |} meoH, 50°C, 12n s
e & .

{9569 To a muxture of  4-benzyi-O-tert-butyl-1-oxa-4,9-diazaspiro[5 Sjundecane-4,9-
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
hydrogen for 3 times. The mixture was stirred under hydrogen atmosphere (SO Psi) at 50 °C for
12 b Thin layer chromatography {petroleum ether: ethyl acetate = 3.1} showed that the reaction
was fiushed. Then the reaction mixture was filtered. The filtrate was concentrated under reduce
pressure to give tert-butyl 1-oxa-4,9-diazaspiro] S. 5jundecane-9-~carboxylate (1.10 g, 429 mmol,
84% vield} as hght yellow oil, which was used in next step directly.

{0570} Chemical Formula: CiaHzaNo(s Molecular Weight: 25634

[8571] HNMR: (400MHz, DMSO-de}d = 3.62-3.40 (m, 6H), 3.08-2.93 (m, 2H), 2.72-2.58 (m,
2H), 1.88-1.72 (m, 2H),1.39 (s, 9H), 1.35-1.22 (m, 2H).

{8572} Step S. Preparation of Methy! 4-(3-benzyloxycyclobutoxy 3-2-methoxy -benzoate

OH

o PPhsy, DIAD, THF i
b 25°C, 12h Bn

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

benzvioxycyclobutanol {1.51 ¢, 8.45 mmol, 1.10 eq} and triphenyiphosphing (3.02 g, 11.53 mmol,

o]
<
Lsd



ARVN-GOT7/001 WO 331216-2140

1.50 eq) in tetrahydrofuran {15 mL} was added dusopropyl azodiformate (1.86 g, 9.22 mmol, 1.79
mkE, 1.20 eq} at 0 °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 ethes/ ethyl acetate
= 20/1 to 3/1) to give methyl 4-(3-benzyloxycyclobutoxy)-2-methoxy-benzoate (2.00 g, 584
mmol, 76% vield) as a vellow o1l

10574} Chenucal Formula: CooHnOs Molecular Weight: 342.39

[0575] LOMS: MS (ESI) m/z: 343.2 [M+1]",

0576} Step O: Preparation of Methyl 4-(3-hydroxycyclobutoxy)-2-methoxy-benzoate

C/’ V\E\L TN
F Y Tason, 50 Ho \W/W
5 o, © 1zh

[0577] To a mixture of methyl 4-(3-benzyloxycyclobutoxy}-2-methoxy-benzoate (5.00 g, 14.60
mmol, 1.00 eq) m methanol (S0 mL) was added palladium carbon {0.50 g, 10% purity) under
nitrogen atmosphere. The suspension was degassed and purged with hydrogen for 3 times. The
nuxture was stirred under hydrogen atmosphere (50 Psi) at 30 °C for 12 h. Thin layer
chromatography {petroleum ether: ethyl acetate=3:1) showed the reaction was finushed. 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% yvield) as a white sohid.
[8578] HNMR: (400MHz, CBCL)o =782 (d, 7 =88 Hz, 1H), 643 (d, F =24 Hz, 1H), 637 (dd,
J==8.8 2.4 Hz, 1H), 433-4.10 {m, 2H), 3.88 (s, 3H), 3.86 (s, 3H), 2.99-2.95 (m, 2H), 2.17-2.05
{m, 2H), 1.61 (brs, 1H).

{0878} Chemical Formula: CisHisOs Molecular Weight: 252.2

{0580] Step 7: Preparation of Methyi 2-methoxy-4-3-
(triﬁuommf:thyisuifonyloxy\;cvclob utoxy benzoate

/7 F\l'\\O\\E/A\
TR0, CH,CL i
o Py, .2 2 ’-"‘.‘Q\"L\JI .\F PN
o ©

3-25°C, th
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{0581} To a mixture of methyl 4-(3-hydroxycyclobutoxy}-2-methoxy-benzoate (2.5¢ g, 9.91
mmol, 1.00 eq) and pynidine (1.57 g, 19.82 mmol, 1.60 mi,, 2.00 eq} in dichioromethane {50 mL)
was added trifluoromethane 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 h. Thin fayer chromatography (petroleum ether:
ethyl acetate=3.1) showed the reaction was firushed. To the mixture was added water {200 mlL)
and extracted with dichloromethane (50 mL x 3). The organic layers were combined, 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=3:1)
to give methyl 2-methoxy-4-[3-(trifluoromethylsulfonyloxy }eyclobutoxylbenzoate (3.00 ¢, 7.81
mmol, 79% yield) as a vellow solid.

{0582] HNMR: (400MHz, DMSO-da}d =7.70(d, ] =88 Hz, 1H), 6.54 (4, } = 2.0 Hz, 1H}, 649
{dd, } =838, 2.4 Hz, 1H}, 5.24-5.21 {m, 1H}, S.05-5.02 {(m, 1H), 3.81 {5, 3H}, 3.74 (s, 3H), 2.81-
2.76 (m, 2H), 2.63-2.5S {m, 2H).

{0583} Chemical Formula: CuaHisFs0r8 Molecular Weight: 384.32

[0584] Step &: Preparation  of  tert-Butyl  4+[3-(3-methoxy-4d-methoxycarbonyl-

phenoxyicyclobutyl}-1-oxa-4,9-diazaspiro[S. Sjundecane-9-carboxylate

OC
Sox ‘N/N
s
o P:JH
4

/-\7,\\0\\(/\ D Bo " N /.\T.\O . /'§§=
»rfr)“'k\/ '\ ,{)\ O . ’\/ /\;/ ’\N"‘k\j I\ A ROy
b T 0 DIPEA, GHaCN ) b
O © 70°C, 12h Onr o ©

{05858] To a solution of tert-butyl 1-oxa-4,9-diazaspiro{S. Slundecane-S-carboxylate (1.00 g, 3.90
mmol, 100 eq) w  acetonunile (30 ml) was  added wethyl  Z-methoxy-4-[3-
(triffuoromethylsulfonyioxyicvelobutoxylbenzoate (1,50 g, 390 mmol, 1.00 eq) and
diisopropylethylamine (2.52 g, 19.51 mmol, 3.40 mL, 5.00 eq). The reaction mixture was stirred
at 70 °C for 12 h. LOCMS showed the reaction was finished. Then the reaction mixture was
concentrated under reduce pressure to give the residue. The restdue was purified by column
chromatography on silica gel (petroleum ether: ethyl acetate = 3:1} to give tert-butyl 4-[3-(3-
methoxy-4-methoxycarbonyl-phenoxycyclobutyl}-1-oxa-4,9-diazaspire[ 5. Stundecane-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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{0587} HNMR: (400MHz, DMSO-de}o = 7.68 (d, J =88 Hz 1H)}, 6.52(d, ] = 2.0 Hz, 1H}, 6.44
(dd, J = 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, 2F), 2.32-2.22 (m, ZH), 2.20-
2.09 (m, 3H), 1.85-1.77 {m, ZH), 1.49-1.41 {m, 2H}. 1.40 (s, 951,

{0388} Chenucal Formula: CacHasN2O7 Molecular Weight: 490,59

{0589} Step 9 Preparation of Methyl 2-methoxy-4-[3-(1-oxa-4,9-diazaspiro{5 Stundecan-4-

vilcyclobutoxylbenzoate

[0598] To a mixture of tert-butyl 4-[3-(3-methoxy-4-methoxycarbonyi-phenoxyjeyclobutyi}-1-
oxa-~4,9-diazaspiro] 5. Sjundecane-~-9-carboxylate (1.50 g, 3.06 mumol, 1.00 eq) was added hydrogen
chlorde/dioxane {4 M, 25 mL, 3271 eg). The nuxture was stirred at 25 °C for 12 h. LCMS
showed the reaction was finushed.  Then the reaction mixture was concentrated under reduce
pressure 1o give methyl Z-roethoxy-4-[3-(1-oxa-~4,9-diazaspiro{ 5. Slundecan-4-
vhieyclobutoxylbenzoate (1.30 ¢, 3.04 mmol, 99% vield, hydrogen chloride) as a light yvellow
sohid.

[0591] LOMS: MS (ESHy mv/z: 391 3 [M+1]7

10592} Chemical Formula: CarHaoNoOs Molecular Weight: 350,47

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

diazaspiro] 5. Shundecan-4-yijcvclobutoxy ]-2-methoxybenzoate

P
N, | ]
Vh/\ f[ )j\ /K//\ ;\/\O/L\Tfl

/’\ ~d [\ ................... S L \(/\
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{8594 To a mixture of methyl 2-methoxy-4-[3-{1-oxa-4,9-diazaspirof 3. Stundecan-4-
vieyclobutoxylbenzoate {1.30 g, 3.04 mmol, 1.00 eq, hydrogen chioride) in dimethylsulfoxide
{40 mL} was added potassium carbonate {2.10 g, 1522 mmol, 5.00 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 mL) and

200
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extracted with ethyl acetate (30 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 (coluomn: Phenomenex luna C18 250%80mm™* 10 um;mobile
phase: [{water{(0.225%FA}ACN|B%: 26%-56%,19min} to give methyl 4-[3-{9-(4-tert-
butoxyearbonylphenvi)-1-oxa-4,9-diazaspiro] 5 Sjundecan-4-yljcyclobutoxy}-2-methoxybenzoate
{0.55 g, 970.36 umol, 32% yield) as a yvellow oil.
10595] LOMS: MS (ESD m/z: 567.5 [M+1]7,
{8596] HNMR: (400MHz, DMSO-de)d = 788 (d, J =92 Hz, 2H), 784 (d, ] =88 Hz, 1H), 6.89
(4, 1 =92 Hz, 2H), 6.43 (d, ] = 1.6 Hz, 1H), 6.33 (dd. ] = 8.4, 2.4 Hz, 1H), 4.85-4.77 (m, 11,
3.90 (s, 3H), 3.87 (s, 3H), 3.82-3.73 (m, ZH), 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, 2H), 2.12-2.07 (m, 2H), 1.70-1.63 (m. 2H), 1.59 (s, 9H).
{0597} Chemtcal Formula: CaaHaaMNoOr, Molecular Weight: 566.69

[0598] Step 11 Preparation of Methyl 4-[3-[9-(4-tert-butoxycarbonylphenyl}-1-oxa-~4,9-

diazaspurof 5. Sfundecan-4-yijcvclobutoxy-2-methoxy-benzoate

)

/L\ /“\(/:1 et "OJ\ )
I dioxane i
T/ _ \/A N
~ ‘«\J ! e /\ ‘J\ H
h T’ ¥’ L\ X
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[0598] To  a compound of methyl  4-[3-[9-{4-tert-butoxycarbonylphenyl)-1-oxa-4,9-
diazaspiro] 5. Shundecan-4-ylicyclobutoxyi-2-methoxy-benzoate (850 mg, 0.97 mmol, 1.00 eq)
was added hydrogen chlonde / dioxane {4 M, 20 mlL, 82.43 eq}. The mixture was stirred at 25 °C
for 12 h. LCMS showed the reaction was finished. The reaction muxture was concentrated under
reduced pressure to give 4-{4-{3-(3-methoxy-4-methoxycarbonyl-phenoxy}evclobutyli-1-oxa-4,9-
diazaspiro [ 5. 5jundecan-9-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 (ESD m/z 511.3 [M+1]7,

{0601} Chenucal Formula: CasHaaNo(r Molecular Weight: 510.58

b
<
~3
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{0602} Step 12: Preparation of Methyl 4-[3-{9-[4-[]3-(4-cyano-3,5-dimethyl-phenoxy-2.2,4 4~
tetramethyl-cvclobutyljcarbamovliphenyl}-1-oxa-4 9-diazaspiro{ 5. Stundecan-4-ylicyclobutoxyi-

Z2-methoxy-benzoate

o NN SN Dot o
TR, SN g
e //\i. ) r./\/r /r M, o :\\ /I: i\"::ﬁlbaj\‘:r\
R /\ ,,\7.»4\:://\\: - N H b '\\//’ i~ r\_“\O Ny
O e = O e
L 13 ~E Y
. R ()\‘ [a)
{9603] To a mixture of 4-{4-[3-(3-methoxy-4-methoxycarbonyl-phenoxyicyclobutyl}-1-oxa-4,%-

diazaspiro| 5. Sfundecan-9-vi ]‘benzmcamd (250 mg, 0.49 mmol, 1.00 eq} and triethylamine (248
mg, 2.45 mmol, 034 mi, 300 eq) i NN-dimethylformamide (4 ml} was added 3-
(ethyliminomethyleneaming}-N N-dimethyl-propan-1-amine;hydrochloride (113 mg, 0.59 mmol,
1.20 eq), hydroxybenzotriazole (79 mg, 0.39 mmol, 1.20 eq) and 4-(3-amino-2 2,4 4-tetramethyl-
cyclobutoxy -2, 6-dimethyl-benzonitride (151 mg, 0.49 mmol, 1.00 eq, hydrochloric acid). The
mixture was stured at 25 °C for 3 h. LCMS showed the reaction was finished  The reaction
nuxture was purified by preparative HPLC (Column: Phenomenex luna C18 130%40mm™ 15um,
Condition: water {0.225%FA}-ACN} to give methyl 4-[3-[9-[4-[[3-(4-cyano-3,5-dimethyl-
phenoxy}-2,2, 4,4-tetramethyl-cyclobutyljcarbamoyliphenyl}-1-oxa-4,9-diazaspiro[ 5. Sfundecan-
4-yilevclobutoxy }-2-methoxy-benzoate {200 mg, 0.26 mmol, 53% yield) as a hight yellow solid.
[0604] LCMS: MS (ESH mvz: 765.6 [M+1]7.

[0605] 1HNMR: (400MHz, CDChL): 7.82 (d, J=8.4 He, 1H), 7.70-7.67 {m, 2H), 6.96-6.90 {m,
2H), 6.39 (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), 4.05-4.01 (m, 1H), 3.89 (s, 3H), 3.86 (s, 31}, 3.80-3.74 {m,
2H), 3.56-3.47 {m, 2H}, 3.31-3.22 {m, ZH)}, 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, 4F1), 1.26 (s, 6H), 1.22 (s, 6H).

{0606] Chenucal Formula: CasHseNaO7, Molecular Weight: 764.95

[6607]

[8608] Step  13: Preparation  of  4-[3-[9-[4-{{3-(d-cyano-3,5-dimethyl-phenoxy}-2,2,4,4~
tetramethyi-cyclobutylicarbamoyl}phenyl}-1-oxa-4,9-diazaspiro[ S Sundecan-4-ytjcyclobutoxy]-

Z-methoxy-benzoic acid
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{0689 To a mixture of methyl 4-[3-{9-[4-[]3-(4-cyano-3,5-dimethyl-phenoxy}-2.2,4 4~
tetramethyl-cvclobutyljcarbamoylphenyl}-1-oxa-4,9-diazaspirof 5. Sfundecan-4-vljcyclobutoxy-
Z-methoxy-benzoate (200 mg, 0.26 mmol, 1.00 eq) in methanol (2 mL}, water (2 mi} and
tetrahydrofuran (2 mL} was added sodium hydroxide (52 mg, 1.31 mmol, 5.00 eq). The mixture
was stirred at 50 °C for 12 h. LCMS showed the reaction was finished. Then the reaction muxture
was concenirated under reduced pressure to give the residue. The residue was adjust pH = 6 with
hydrochloric acid (1 M). Then the nuxture was filtered. The filtered cake was dried under reduced
pressure o give 4-[3-[9-{4-[[3-(4-cyano-3,5-dimethyl-phenoxy}-2,2,4, 4-tetramethyl-
cyclobutyljcarbamoyljphenyl]-1-oxa-4,9-diazaspiro[ 5. 5 fundecan-4-ylicyciobutoxy-2-methoxy-

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

10610] LOMS: MS (ESD m/z 751.2 [M+1]",

{0611} Chemical Formula: CaaHsaNaOr, Molecular Weight: 750.92

[0612] Step 14 Preparation of  4-[3-[9-[4-[[3-(4-cyano-3,S-dimethyl-phenoxy}-2.2,4 4~
tetramethyl-cyclobutyljcarbamoyl]phenyl}-1-oxa-4,9-diazaspiro[S. Sfundecan-4-ylcvclobutoxy]-
N-[{38}-2,6-dioxo-3-piperidyl}-2-methoxy-benzanude, Compound 35

H
~. '/,j,L)\’,( ﬁ Q%:,N\jﬁo \ e T P /E/ O
j\( J‘f \T/»\\. HZN"\‘/ /'\r/ /" N }\L"%]\
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{0613] To a solotion  of4-[3-[9-[4-[[3-{4-cvano-3,5-dimethyl-phenoxy)-2,2,4,4-tetramethyl-
cyclobutyljcarbamoylphenyi]-1-oxa-4,9-diazaspiro 5 Sfundecan-4-yHcyclobutoxy]-2-methoxy-
benzoic acid (190.0 mg, 0.25 mmol, 1.00 eg) v N N-dimethyHormamide (4 mL) was added 4-
methylmorphohne (128.0 mg, 1.27 mmol, 0.14 mL, 5.00 eq), hydroxybenzotriazole (41 mg, 0.30
mmol, 1.20 eq) and 3-{ethyiminomethyieneamino}-N,N-dimethyl-propan-1-amine hvdrochloride
{58 mg, 0.30 mmol, 1.20 eg) and (35)-3-aminopiperidine-2,6-dione {83 mg, 0.51 mmol, 2.00 eq,
hydrochloric acid). The mixture was stirred at 25 °C for 9 h. LCMS showed the reaction was
fimished. The reaction mixture was filtered. The filirate was directly purified by preparative HPLC
{Column: Phenomenex luna C18 150%40mm™ 15um, Condition water{0.225%FA}-ACN } to give
4-13-{9-{4-{[3~(4-cyano-3,5-dimethyl-phenoxy}-2,2 4 4-tetramethyl-

cyclobutylicarbamovijphenyl]-1-oxa-4,9-diazaspiro| 5. 5 jundecan-4-yiicyclobutoxy -N-{{35}-2,6-

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

0614] LCMS: MS (BST) m/z: 861.5 [M+1]7.

{0615] HNMR: (400MHz, DMSO-ds)d: 10.88 (s, 1H), 8.48 {d, }=6.8 Hz, 1H}, 7.86 (d, J=8.8 Hz,
1H), 775 (d, I=8. 8 Hz, 2H), 749 (d, I=8.8 Hz, 1H), 6 98 (d, }=22 Hz, ZH), 6.74 (s, 2H), 6.57 (d,
J=2 4 Hz 1H), 651 (dd, }=8.4, 24 Hz, 1H)}, 487482 (m, 1H), 475-4.70 (m, 1H}, 425423 (m,
1H), 4.07-4.03 (m, 1H), 3.92 (s, 3H), 3.72-3.65 (m, 3H), 3.535-3 47 {m, 4H), 3.22-3.10 {m, 2H),
2.92-275 {(m, 3H), 2.45-2.39 {(m, TH), 2.32-2.26 (m, 1H), 2.206-2.10 {m, 5H}, 2.00-1 81 {m, ZH),
1.71-1.57 (m, 2H), 1.23 (s, 6H), 1.13 (5, 6H).

{0616} Chemical Formula: CaoHeoNeOs, Molecular Weight: 861.04

[0617] EXAMPLE 16 — SYNTHESIS OF S-[4-[[ 1-[4-[[3-{(4-CYANO-3-METHOX Y -PHENOX Y }-2,2,4 4~
TETRAMETHYL-CYCLOBUTYLJCARBAMOYL JPHENYL -4-PIPER DY L IMETH YL JPIPERAZIN-1-YL]-N-
I3 S)-2,6~DIOXO-3—PEPE,R]D‘YL}PYRAZINE-Z-CARBOXAMIDE (CoMPOUND 37)

[0618] ScurME 11, SUMMARY OF THE SYNTHESIS OF COMPOUND 37
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{8619 Step 1. Preparation of Methyl 5-{4-(tert-butoxycarbonylipiperazin-1-yhpyrazine-2-

carboxvlate
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DIFEA, DMSQO,
100°C, 2h
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{09626 To a solution of methyl S-chloropyrazine-2-carboxylate (200 ¢, 11.59 mmol, 1.00 eg) in
dimethyisulfoxide (20 mL} was added dusopropylethylamine (3.00 ¢, 23 18 mmol, 404 mi, 2.00
eq), tert-butyl piperazine-1-carboxylate (2.16 ¢, 11.59 mmol, 1.00 eq). The nuxture was stirred at
100 °C for 12 h. LCMS showed that the reaction was completed. The nuxture was poured into
ice water (30 mbL} and ethyl acetate (30 mbL). The mixture was filtered and the filter cake was
concentrated under reduced pressure to give methyvl S5-(4d-tert-butoxycarbonylpiperazin-1-
viypyrazine-2-carboxylate (3.50 g, 10.86 mmol, 93% vield) as a yellow solid, which was used in
next step directly.

[0621] LCMS: MS (ESD m/z: 323.8 [M+1]™

[0622] 'H NMR: (400 MHz, DMSO-de)$: 881 (d, J=12Hz, 1H), 814(d, J=12Hz 1H), 396
(s, 3H), 3.80 - 3.68 {m, 4H), 3.63 - 351 (m, 471}, 1.49 (5, SH).

10623} Chenucal Formula: CisHnNiO4, Molecular Weight: 322.36

{0624} Step 2. Preparation of Methyl S-(piperazin—i-y})pyrazine-‘Z-carboxylate

N -
’{’ | Q HCIDioxane L
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[0625] To a solution of methyl 5-(4d-tert-butoxycarbonyipiperazin-1-vpyrazine-2-carboxylate
{1.50 g, 4.65 mmol, 1.00 eq) in dichloromethane (30 rol.) was added hydrochloric acid / dioxane
{4 M, Smk, 428 eq). The mixture was stirred at 25 °C for 12 h. LOMS showed that the reaction
was completed. The mixture was f{iltered and the filter cake was concentrated under reduced
pressure 1o give methyl S-piperazin-1-ylpyrazine-2-carboxylate {(1.00 g, 3.87 mmol, 83% yield,
hydrochloride) as a vellow sohid.

10626} LCMS: MS (ESD) m/z: 223.2 [M+1]™

10627} Chemical Formula: CioHuuNiGn, Molecular Weight: 222.24

211
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{0628] Step 3: Preparation of Methyl 35-{4-{{1-{4-({{11,3r)}-3-{4-cyano-3-methoxyphenoxy}-
2,2,4 4-tetramethyleyclobutyljcarbamoyiphenylipiperidin-4-yhmethylpiperazin-1-yl}pyrazine-

2-carboxylate
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{09629] To a solution of methyl S-piperazin-1-vipyrazine-2-carboxylate (158 mg, 0.61 mmol, 1.00
eq, hvdrochloride) in dichloromethane (2 mb) and dimethyformamide (I 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-piperidylbenzamide
{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 (259 mg, 1.23 romol, 2.00 eq) and stirred at 30 °C for 1 b
LCMS showed that the reaction was completed. The reaction was added water {20 ml) and
extracted with dichloromethane (30 mL 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 hquid chromatography {column: Phenomenex luna C18 150%40mm*
Sum;mobile phase: [water{0. 1% TFANACNLBY%: 30%-50%,10min} to give methyl3-[4-[{1-[4-
[13-{4-cyano-3-methoxy-phenoxy}-2,2,4 4-tetramethyl-cyclobutylicarbamoyliphenyi}-4-
piperidylmethylipiperazin-1-yljpyrazine-2-carboxylate {260 mg, 0.37 mmol, 60% yield} as a
vellow solid.

10630] LCMS: MS (ESI} rm/z 696.4 [M+1]7

{0631} Chenucal Formula: CaeHasN7Os, Molecolar Weight: 695 85

{0632} Step 4. Preparation of  5-(4-((1-{4-{{{11,3r}-3-(4-cyano-3-methoxyphenoxy}-2,2.4 4~
tetramethylcoyclobutylicarbamovhphenylipiperidin-d-ylimethy Dipiperazin-1-y1pyrazine-2-

carboxviic acid
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{0633} To a solution of methyl 5-[4-[{1-[4-[[3-(4-cyano-3-methoxy-phenoxy}-2,2,4 4~
tetramethyl-cyvclobutyljcarbamovljphenyl}-4-pipenidyljmethyllpiperazin-1-yljpyrazine-2-
carboxylate (260 mg, 0.37 mmol, 1.00 eq) i tetrahydrofuran (5 mL}, methanol {5 mb) and water
{5 mL} was added sodium hydroxide (119 mg, 2.99 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-(4-cyano-3-methoxy-phenoxy}-2.2,4 4~
tetramethyl-cvclobutyljcarbamovljphenylj ~4~'pipendyi]methyl}piperazmn t-ylpyrazine-2-
carboxylic acid (240 mg, 0.33 mmol, 89% yield, hydrochloride) as a vellow solid.

{0634] LOMS: MS (ESI m/z: 682.1 [M+1]7".

{0635} Chenucal Formula: CisHayN70Os, Molecular Weight: 681 82

[0636] Step 5. Preparation of 3-(4-({1-(4-({{(11,31)-3-(4-cyano-3-methoxyphenoxy}-2.2,4 4~
tetramethvicyclobutylcarbamoyhphenypiperidin-4-yUmethyDpiperazin-1-y1)-N-({(8}-2,6-

dioxopiperidin-3-ylpyrazine-2-carboxamide, Compound 37
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{0637} To a solution of S-[4-[[1-[4-[[3-{4-cvano-3- 1r1c,thoxv~phmmv) -2,2,4,4-tetramethyl-
cyclobutyljcarbamoylphenyil-4-pipendylimethylipiperazin- 1-ylipyrazine-2-carboxylic acid
(200 mg, 0.27 mmol, 1.00 eq, hydrochlonde} in dimethyformanude (2 ml) was added 4-
methylmorphohne (140 mg, 1.39 munol, 5.00 eq), hydroxybenzotriazole (45 mg, 0.33 mmol, 1.20
eq), 3-(ethylimmomethyleneamino)-N,N-dimethyl-propan-1-amme;hydrochlonide {64 mg, 0.33
mmoel, 1.20 eq) and (3S)-3-amunopiperidine-2,6-dione (68 mg, 041 mmol, 1.50 eq,
hydrochloride}. The muxture was stirred at 20 °C for 12 h. LOMS showed that the reaction was
completed. The nuxture 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%FARACNLB%: 22%-52%,10min} to give

S-f4-[{1-{4-[[3-{4-cyano-3-methoxy-phenoxy)-2,2,4 d-tetramethyl-

o)
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cyclobutylicarbamoyljphenyi]-d-piperidylmethyl]piperazin-1-y1}-N-{{38}-2,6-dioxo-3-
piperidyl]pyrazine-2-carboxamide {158 mg, 0.19 mmol, 70% vield, 99% purity} as a white solid.
10638] QC-LOMS: (ESI) m/z: 792.5 [M+1]7

[0639] 'H NMR: (400 MHz, DMSO-ds)§: 10.85 (s, 1H), 8.62(d, J = 2.4 Hz, 1H), 8.54 (d, J = 8.4
Hz, 1H),797{(dd, J=24,92Hz 1H),7.74(d, I=84Hz 2H), 7.65{(d, I =84 Hz, 1H)}, 750(d,
J=92Hz, 1H), 7.01 - 6.92 (m, 1H), 6.96 (br d, T = 8.8 Hz, ZH), 6.88 (d, J = 9.2 Hz, 1H), 6.64 (d,
J=20Hz, 1H), 6.54(dd, T =2.0, 88 Hz, 1H), 4.81 - 4.69 (m, 1H), 428 (s, 1H), 406 (d, F =92
Hz, 1H}, 391 (5, 3H), 386 (br d, I = 120 Hz, 2H), 3.62 (brs, 4H), 279 (hr t, J = 12.0 Hz, 3H),
2,56 (brd, J=3.6Hz, 1H), 2.45 (brs, 4H), 2.25 - 2.05 (m, 3H), 2.02 - 1.93 (m, 1H), 1.82 (br d, J
= 12.0 Hz, 3H), 1.23 (s, 8H), 1.15 (s, 6H).

{0640} Chenucal Formula: CasHs3:NeQOs, Molecular Weight: 791 .94

{0641] Total H count from HNMR data: 53

[0642] EXAMPLE 17 — SYNTHESIS OF 0-[4-[[1-[4-[[3-(4-CYANO-3 5-DIMETHYL-PHENOX Y }-2,2,4 4~
TETRAMETHYL-CYCLOBUTYLJCARBAMOYL JPHENYL -4-PIPER DY L IMETH YL JPIPERAZIN-1-YL]-N-
[(35)-2,6-DIOX0-3-PIPERIDYL JPYRIDINE-3~-CARBOXAMIDE {COMPOUND 38)

[0643] ScrrEME 12 SUMMARY OF THE SYNTHESIS OF COMPOUND 33
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{0644} Step 1. Preparation of 4-[4-(hydroxymethvi}-1-piperidyilbenzoic acid

[0645]
Shy o
PAY HCIEtOAC N

O At EtOAC, 25 °C
>( R

O

¥

{0646} To a solution of tert-butyl 4-[4-(thydroxymethyl}-1-piperidyl}benzoate (5.00 g, 1716
mmol, 1.00 eg) in ethyl acetate (50 mL} was added hydrochloric acid / ethyl acetate (4 M, 10
mb, 2.33 egyat 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-piperidyiibenzoic acid (4.30 g, 16.45 mmol, 96% yield, 90% purity) as a white
solid, which was used 1 next step directly.

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

[0648] 'H NMR: (400 MHz, DMSO-ds)d: 7.77 (d, J=8.8 Hz, 2H), 7.04 (5, 2H), 3.87 (d, I=12.8
Hz, 2H), 3.28 (d, J=6.0 Hz, 2H), 2.87 (t, J=11.6 Hz, 2H), 1.74 (d, 7=12.8 Hz, 2H), 1 55 - 1.68 {m,
1H), 1.17 - 1.33 (m, 2H).

{0649} Chemical Formula: CisHioNO: Molecular Weight: 235.28.

{0656} Step 20 Preparation  of N-[3-{4-cvano-3,5-dimethyl-phenoxy)-2,2,4,4-tetramethyl-

cyclobutyl}-4-[4-(hydroxymethyl)-T-piperidyijbenzanude

Naw i i
N f
SN ~
AN TN A @ OH
¢y o N \r
i - H e d
f 3’/“\/ e NSAL Y i I
m\r NG HOBL EDCI, DIEA, DMF, 20°C ] Z\f‘“\w/\’
A PSS \I\ o

!i\
NG

{0651} To a solution of 4-[4-(hydroxymethyli-T-piperidyllbenzoic acid {(798.37 mg, 3.39 mmol,
1.31 eg} in N N-dimethyformamide (10 mL) were added Hydroxybenzotriazole (525.00 mg, 3 .89
mmol, 1.50 eg), 1-(3-dimethylaminopropyl}-3-ethylcarbodumide hydrochloride (74484 mg, 3.89
mmol, 1.50 eg}, diisopropylethylamine (1.67 g, 12.95 mumol, 2.26 mi, 5.00 e¢} and 4-(3-amino-

2,2,4 4-tetramethyl-cyclobutoxy}-2,6-dimethyi-benzonitrile (800.00 mg, 2.59 mmol, 1.00 eg,

215
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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-dimethyl-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: ethyl acetate = 8:1 to 1:1} to give N-[3-{4-cyano-
3,5-dimethyl-phenoxy}-2,2,4 4-tetramethyl-cyclobutyl}-4-[4-(hydroxymethyl)-1-
piperidylbenzamide (510.00 mg, 1.04 mmol, 40% vield) as a white solid.

{0652] LCMS: MS (BSD nvz 490 4[M+177.

[0653] 'H NMR: (400 MHz, DMSO-d6)5: 7.73 (d, J=8.8 Hz, 2H), 7.48 (d, }=9.2 Hz, 1H), 6.95 (d,
J=8 8 Hz 2H), 6.73 (s, 2H}, 449 (¢, J=52Hz, 1H)}, 422 (s, 1H), 403 (d, =92 Hz, 1H}, 387 (d,
J=13.2 Hz, 2H), 3 27 (t, J=5.6 Hz, 2FL), 2.75 (s, 2H), 2.43 (s, 6H), 1.73 (d, }=12.0 Hz, 2H), 1 51 -
1.64 (m, 1H), 1.21 (s, 6H), 1.14 - 1.20 (m, 2H), 111 (s, 6F).

{0654} Chemical Formula: CaoHseMN30: Molecular Weight: 489.65

[0655] Step 3 Preparation  of  N-[3-{d-cvano-3,5-dimethyl-phenoxy)-2,2,4,4-tetramethyl-
cyclobutyl}-4-(4-formyl-1-piperidyDbenzamide

F S OH g

N N \,/
R N L =X ,
\v Ry \'L'Y&N\= N DCM. 20 °C i
NG O“'!\}K o} /}\_) L\f\

{8636] To a solution of N-[3-{4-cyano-3,5-dimethyl-phenoxy}-2,2.4,4-tetramethy i~cyclobutyl]-4-
[4-(hydroxymethyl}-T-pipertdylibenzamide (510.00 mg, 1.04 mmol, 1.00 eg) in dichloromethane
{10 mL} was added Dess-Martain reagent {66260 mg, 1.56 mmol, 483.69 L, 1.50 eg). The
mixture was stirred at 20 °C for 3 h. LOME showed that the reaction was completed. The mixture
was quenched with saturated natnum 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 sodium sulfate and concentrated under reduced pressure to
give a residue. The residue was purified by column chromatography on silica gel (petroleum
ether: ethyl acetate = 8:1 to 1:1) to give N-{3-(4-cyano-3,S-dimethyi-phenoxy)-2,2,4 4-
tetramethvi-cyclobutyl]-4-(4-formyl-1-pipendylibenzamide (350.00 mg, 717.75 umol, 69% vield)

as a hght vellow oil.
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[6657] LOMS: MS (ESI) m/z: 488.2{M+1]"

[0658] “H NMR: (400 MHz, DMSO-ds)

{0658 6 9.64 (s, 1H), 7.75(d, I=8.8 Hz, 2H), 7.50(d, }=9.2 Hz, 1H)}, 6.98{d, J=8.8 Hz, 2H}, 6.74
{s, 2H} 423 {s, 1H), 4.04 (4, =02 Hz, 1H), 3.72 - 3.83 {m, 2H), 2.89 - 3.04 (m, 2H}, 2.54 - 2.63
(m, TH), 2.43 (s, 6H), 1.88 - 1.97 (m, 2H), 1.49 - 1.63 (m, 2H), 1.22 (s, 65, 1.12 (s, 6H).

{0660} Chemical Formula: CaoHsrN3Os Molecular Weight: 487.63

10661} Step 4 Preparation of Methyl 3-(4-((1-(4-({{1r,3r}-3~(4-cyano-3,5-dimethylphenoxy}-
2,2.4 4-tetramethyleyclobutyhcarbamovlphenyypiperidin-4-vhmethvl)piperazin-1 -

vhpyrimidine-2-carboxylate

. N G "N
’J TEA NaBH(ACD) DCM DMF 20°C.12 \)\,

N~
HGE

[8662] To a solution of methyl S-piperazin-1-yvlpyrimidine-2-carboxylate (106 mg, 0.41 mmol,
1.00 eq, hydrochlonide} in dichloromethane (2 mL) and dimethylformamide (1 mL) was added
trigthylanune (41 mg, 0.41 mmol, 1.00 eq}, acetic acid (24 mg, 0.41 mmol, 1.00 eqg) and N-{3-(4-
cyano-3,S-dimethyi-phenoxy)-2,2, 4 4-tetramethyl-cyclobutyl }-4-(4-formyl-1-
piperidyibenzamide (200 mg, 0.41 mmol, 1.00 eq). The mixture was stirred at 30 °C for 12 b
Then to the mixture was added sodium borchydride acetate (173 mg, 0.82 mmol, 2.00 eg) and
stirred at 30 °C for 1 h. LOMS showed that the reaction was completed. The reaction was added
water {20 mL) and extracted with dichloromethane (30 mi. x 3}. The organic layer was dried over
sodium subfate 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 1% TFARACN]BY%: 27%-57%, 10min} to give methyl
S-f4-[{1-[4-[[3-{4-cyano-3,5-dimethyl-phenoxy}-2,2,4 4-tetramethyi-
cyclobutylicarbamoyljphenyl-4-pipenidylimethylipiperazin-1-yljpyrimidine-2-carboxylate {200
mg, 0.28 mmol, 70% vield) as a yellow solid.

[0663] LOMS: MS (ESH m/z: 693.1 [M+1]7.

{0664] Chemucal Formula: CatHsaNeQs, Molecular Weight: 692.89

o)
[
~2
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{0665 Step 5. Preparation of 5-(4-({1-{4-{{{11,3r}-3-{4-cyano-3,5-dimethyiphenoxy}-2,2.4 4-
tetramethyloyclobutylicarbamovhphenylipiperidin-4d-ylymethyDpiperazin-1-vijpyrimidine-2-

carboxylic acid

.
1/ T . Y \\ i
""" Mo N | J\ N\/'i
Y - T N \]/\ f yo NaiH N /\' y !/\ # oy on
Py /\. ( /\N/ g W g \r A2 PN ;‘ /-\N/k\ N
| el \L
AN A 50°C,42 h i\ P \/N\/J

{0666} To a solution of methyl 5-[4-[{1-[4-[]3-(4-cyano-3,5-dimethyl-phenoxy}-2.2,4.4-
tetramethyl-cvclobutyljcarbamovljphenylj ~4~'pipendyi]methyl}piperamnn t-yHpyrimidine-2-
carboxylate (200 mg, 0.28 mmol, 1.00 eg) in tetrahydrofuran (5 mL}, methanol (S mL) and water
{S mbL) was added sodium hydroxide {92 mg, 2.31 mmol, 800 eq). The mixture was stirred at 50
°C for 12 h. LCMS showed that the reaction was completed. The nuxture was adjusted with
hydrochlorie acid (6 M) to pH = 5. The muxture was filtered and the filter cake was concentrated
under reduced pressure to  give  S-[4-[[1-[4-][3-(4-cyano-3,S-dimethyi-phenoxy)-2.2,4,4-
tetramethvl-cyclobutyljcarbamovlphenyli-4-pipendylimethyl}piperazin- L -ylpyrimidine-2-
carboxylic acid (200 mg, .027 mmol, 96% yield, hydrochloride) as a yellow solid, which was used
i next step direcily.

[0667] LOMS: M8 (ESD m/z: 679.1 [M+1]™

{0668} Chemical Formula: CaoHsoNe(4, Molecular Weight: 678.86

{0669} Step 6 Preparation of 6-(4-{(1-{4~({{11,3r}-3~(4-cyano-3,5-dimethyilphenoxy 3-2,2,4,4-
tetramethylevciobuotyDearbamoyphenyhipiperidin-d-ylimethy Dpiperazm-1-y D-N-{{$}-2,6~

dioxopiperidin-3-vhnicotinamide, Compound 38
o K b

PN
- FL /NH - - e Q
HNT Y RN o o N
9] <] i ) i i H
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{8676] To a solution of 6&-[4-[{1-[4-[[3-(4-cyane-3,5-dimethyl-phenoxv}-2,2,4, 4-tetramethyl-
cyclobutyljcarbamoyliphenyi}-d-piperidylimethylipiperazin-1-yljpyridine-3-carboxylic acid (150
mg, 0.22 mmol, 1.00 eq, hvdrochloride) in dimethylformanmide (2 mb) was added 4-

methylmorpholine (111 mg, 1.10 mmeol, 5.00 eq), hydroxybenzotriazole (35 mg, 0.26 mmeol, 1.20
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eq), 3-(ethyliminomethyleneamino)-N, N-dimethyl-propan-1-amine hydrochloride {50 mg, 6.26
mmol, 120 eq) and (35)-3-aminopiperidine-2,6-dione {54 mg, 033 mmol, 1.50 eg,
hydrochloride). The mixture was stirred at 20 °C for T h. 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 hiquid chromatography {column:
Phenomenex Synergi C18 150%25%10um;mobile phase: [water{0.225%FA-ACNLB%: 30%-
60%,9miny  to  give  6-[4-[[1-[4-[[3-(4-cyano-3,5-dimethyl-phenoxy}-2 2 4 4-tetramethyl-
cyclobutylicarbamovyljphenyl]-4-piperidylimethy 1}111perazm~1-v 1-N-{(38}-2,6-dioxo-3-
piperidyl]pyridine-3-carboxamide (69.3 mg, 0.08 mmol, 38% vield, 96% purity) as a white solid.
0671} QC-LCMS: MS (ESI) m/z: 7893 [M+1]1".
{%’7’?} 'H NMR: (400 MHz, DMSO-ds}d: 1084 (5, 1H), 8.61 (d, T =24 Hz, 1H), 8.54 (d, I = 8.4
CAHY, 817 (5, 1H), 796 (dd, J=24,92Hz 1H),773(d, J=88Hz 2H), 747 (d. ] =92 Hz,
1H}, 696 (d, J=88 Hz, 2H), 6.87{d, I =8 8 Hz, 1H), 673 (s, 2H), 485 - 4.68 {(m, 1H), 422 (s,
1H),403{(d,J=92Hz 1H), 38 (brd, J=124Hz 2H), 3.61 {(brs, 4H)}, 279 (brt, J = 124 Hz,
3H), 200 -2.52 (m, 1H), 243 (s, 10H), 220(br d, J =64 Hz, 2H), 2.15 - 2.04 (o, 1H), 1.9 (br
d, J=56Hz, 1H), 181 {(brd, J=11.0Hz 3H), 1.21 {5, 8H), 112 {5, 6H).
{09673} Chemical Formula: CasHssNsOs, Molecular Weight: 788 98

{0674} ExamprLE 18 — SYNTHESIS OF [4-[[1-[4-[[3-(4-CYANO-3-METHOXY-PHENONY}-2,2,4,4~
TETRAMETHYL-CYCLORUTYL JCARBAMOYL PHENYL }-4-PIPERIDY L IMETHYL [PIPERAZIN-T~YL]- N~
[(35}-2,6-DIOXO-3-PIPERIDYL PYRIMIDINE-2-CARBOX AMIDE ( COMPOUND 39}

16675] SCHEME 13, SUMMARY OF THE SYNTHESIS OF CoMPOUND 39
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{9676] Step 1 Preparation of Methyl 5-(4-(tert-butoxycarbonyl}piperazin-1-vpvrimidine-2-
carboxylate

N

o E‘ NH g
p N
N Eicsc:”d\/J < \n/u\()/
- O/ v. o
i K\N \/N
N
o

PA{OAC). Binap,Cs,C0;,

Dioxane,100°C, 12 h N
Boc” ™7

{8677} To a solution of methy! 53-bromopyrimidine-2-carboxyiate (2.00 g, 9.22 mmol, 1 00 eq) in
dioxane {20 mL) was added cestum carbonate (6.01 g, 18.43 mmuol, 2.00 eq), tert-butyl piperazine-
L-carboxylate (1.72 g, 9.22 mmol, 1.00 eq), palladiom acetate (310 mg, 1 38 mmol, 0.15 eq), and
(R)-{+)-2,2"-Bis{diphenyiphosphino)-1, I'-binaphthyl (860 mg, 1.38 mmwol, 0.15 eq). The nuxture
was stirred at 100 °C for 12 b LOMS showed that the reaction was completed. The mixture was
poured nto water (100 mL) and extracted with ethyl acetate (SO0 mL x 3). The orgamnc layer was
dried over anhydrous sodwum sulfate and concentrated under reduced pressure to give a residue.
The residue was purified with column chromatography on silica gel {(petroleurn ether: ethyl acetate
= 101 to 1.2} to give methyl S-(4-tert-butoxycarbonylpiperazin-1-ylpyrimiding-2-carboxylate
{1.50 g, 4.65 mmol, 50% vield) as a yellow solid.

10678] LCMS: EW6R07-1109-P1AT, MS (EST) m/z 323.1 [M+1]7.

{0679} Chenucal Formula: CisH2aNaG4, Molecalar Weight: 322.36
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{06808} Step 2. Preparation of methyl S-{piperazin-1-yljpyrimidine-2-carboxylate

O

0
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@Hk 07 HeiDioxane /O/Lo
> N
(\N SR (\N Ry
HN\/’

DOM,20°C 12 h
M
Boc” HCH

{0681} To a solution of methyl S-{4-tert-butoxycarbonylpiperazin-1-yl)pyrimidine-2-carboxylate
{1.50 g, 4.65 mmol, 1.00 eq) in dichloromethane {30 mL} was added hydrochloric acid / dioxane
{4 M, S mL, 428 eq}. The muxture was stirred at 25 °C for 12 b Thin laver 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-1-
vipyrimidine-2-carboxylate (1.00 ¢, 3.87 mmol, 83% vield, hydrochloride} as a yellow solid,
which was used i next step directly.

[0682]

[0683] Step 3. Preparation of methyl S-{4-{(1-{4-({{(1r,3r}-3-{4-cyano-3~-methoxyphenoxy)-
2,2,4 d-tetramethyleyclobutylcarbamovliphenyDpipenidin-d-yvhimethylpiperazin-1 -

yhpyrimidine-2-carboxylate
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[0684] 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 dimethyformanude (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-tetramethyl-cyclobutyl]-4-(4-formyl-1 -pipenidylibenzamide

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

150*40mm* 1 5um;mobile phase: {water{0. 1% TFA}-ACNLBY%: 27%-47%,10mun) to give methyl
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S-f4-[{1-{4-[[3-{4-cyano-3-methoxy-phenoxy)-2,2,4 d-tetramethyl-
cyclobutylicarbamoyljphenyl-4-pipenidylimethylipiperazin-1-yljpyrimidine-2-carboxylate {200
mg, 0.28 mmol, 46% vield) as a yellow solid.

[0685] LOMS: MS (ESH m/z 696.0 [M+1]7.

10686} Chenucal Formula: CioHaoN7Os, Molecular Weight: 69585

{0687} Step 4: Preparation of 5-(4-((1-{4-({{11,3r}-3-(4-cyano-3-methoxyphenoxy}-2.2,4,4-
tetramethyleyclobutylicarbamovhphenylipiperidin-4-ylmethylipiperazin-1-ylpyrinmidine-2-

carboxylic acid

/E § D/ § J‘\ E (;{;TVO,,"/I/ i i

i H }
Y A Sy A AN e
N i A I N7 J\/ ;
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[0688] To a solution of methyl 5-[4-[[1-[4-[[3-(4-cyano-3-methoxy-phenoxy)-2.2,4 4~
tetramethvl-cyclobutyljcarbamovlphenyli-4-pipendylimethyl}piperazin- L -ylpyrimidine-2-
carboxylate (200 g, 0.28 ramol, 1.00 eq) m tetrahydrofuran (5 ml), methanol {8 mL) and water
{S mL) was added sodium hydroxide (91 mg, 2.30 mmol, 8.00 eq). The mixture was stirred at 50
°C for 12 h. LCMS showed that the reaction was completed. The nuxture 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-{4d-cyvano-3-methoxy-phenoxy)-2,2,4 4-
tetramethyi-cyclobutyljcarbamoylphenyii-4-pipendvlimethylipiperazin-1-yljpyrinmidine-2-
carboxyiic acid (200 mg, 0.27 mmol, 96% vield, hydrochloride) as a yellow solid.

10689] LCMS: MS (ESI} m/z 682.0 [M+1]7

{0690} Chenucal Formula: CisHarN2Os, Molecalar Weight: 681.82

{0691} Step  S:Preparation  of  S5-(4-((1-{4-{{{11,3r}-3-{4-cyans-3-methoxyphenoxy}-2,2,4, 4~
tetramethyloyclobutylicarbamovhphenylipiperidin-d-ylimethy Dpiperazin-1-y13-N-{({8}-2,6-
dioxopiperidin-3-yhpynmidine-2-carboxamide, Compound 39

{0692
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{8693] To a solution of 5-[4-[[1-[4-][3-(4-cyano-3-methoxy-phenoxy)-2,2,4,4-tetramethyl-
cyclobutyljcarbamoyliphenyi}-4-pipernidyl}methylipiperazin-1-yljpyrimidine-2-carboxylic  acid
{200 mg, 0.29 mmol, 1.00 eq, hvdrochloride} in dimethyformanude (2 mLl} was added 4-
methylmorpholine (148 mg, 1.47 munol, 5.00 eq), hydroxybenzotriazole (47 mg, 0.35 mmol, 1.20
eq), 3-{ethyliminomethyleneanmino)-N,N-dimethvl-propan-1-amine;hydrochloride (67 mg, 0.35
mmol, 1.20 eq) and (35)-3-amunopiperidine-2 6-dione (72 mg, 044 mmol, 150 eq,
hydrochloride). The mixture was stirred at 20 °C for 12 h. 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
layer was dried over sodium sulfate and concentrated under reduced pressure to give a residue,
The residue was purnified with preparative hugh performance liquid chromatography {(column
Phenomenex Synergt CI8 150%25%10unymobile phase: [water{0.225%FA}-ACN]B%:25%-
55%,10min) 1o give S-{4-((1-{4-({{1r,31)-3-(4-cyano-3-methoxyphenoxy}-2,2.4,4-
tetramethylcyclobutyearbamoyhphenyhpiperidin-d-yDmethyDpiperazin-1-v1)-N~({$)-2,6-
dioxopipendin-3-yhpyrimudine-2-carboxamude {200.5 mg, 022 mmol, 78% vield, 95% purity,
formate} as a white sohid.

[0694] QU-LOMS: (ESD) my/z: 792.5 [M+1]17.

[0695] 'H NMR: (400 MHz, DMSO-de)d: 10.86 (s, 1H), 886 (d, J = 8.4 Hz, 1H), 8.57 (s, 2H),
816 (s, 1H}, 775(d, } =84 Hz, 2H), 749 (d, J =92 Hx, 1H), 6.97{(d, I =92 Hz, 2H}, 6.65{(d, ]
=2 4Hz TH), 6.55(dd, J =24, 84 Hz 1H)}, 483 -472(m, 1H), 428(s, 1H)}, 406 (d, F =92 Hz,
1H}, 3.92 (3, 3H), 388 -3.85(m, 2H), 227~ 2.17 (m, 3H}, 2.03 - 2.01 {m, 1H), 1.84-1.81 {m, 3H)},
1.23 (s, BH), 1.16 (s, 6H).

{0696} Chemucal Formula: CasHsaNsQOe, Molecular Weight: 791.94

{0697} EXAMPLE 19 — SYNTHESIS OF 35-[4-[f1-{4-{{3-{4-CYANO-3-METHOXY-PHENOXY }-2,2,4, 4~
TETRAMETHYL-CYCLORUTYL [CARBAMOYL JPHENYL }-4-PIPERIDYL JMETHYL [PIPERAZIN-1-YL}-N-
[(35}-2,6-DI0X0-3-PIPERIDYL {PYRIDINE-2-CARBOXAMIDE {COMPOUND 40)

{6698} SCHEME 14. SUMMARY OF THE SYNTHESIS OF COMPOUND 40
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{0780} Step 1. Preparation of methyl S-(4-((1-(4-(({1r,3r}-3-(4-cvano-3-methoxyphenoxy}-
2,2,4 4-tetramethylcyclobutylcarbamoviipheny piperidin-d-vDmethvl}piperazin-1-yl)picohinate
/\/L/ /
j\r [ )F ]\:‘ i
T BN P —\/ o e}
"\ -~ ) 29 - E r, EL P
/(\/ 1\/l\/ 4’;/(;/ 4—*‘\,2/ E/\\% \H)LO/
"\ TEA NaBH{ACT), DOMODMF 286 °C,11h N7 & ! //\N/\ K\ /L\,N

\ /\v’

{0781} To a solution of methyl! S-piperazin- I-ylpyridine-2-carboxylate (189 mg, 0.73 mmol, 1.20
eq, hydrochloric acid) in dimethylformamide (6 ml) and dichloromethane (2 mL) was added
triethvlamine (145 40 mg, 1.44 mmol, 0.2 mL, 2.35 eq), acetic acid (210 mg, 3.50 mmol, 0.2 mL,
5.71 eq) and N-[3-{4-cyano-3-methoxy-phenoxy)-2,2 4, 4-tetramethyl-cyclobutyl]-4-(4-formyl-1-
piperidyDbenzanude (300 mg, 0.61 mmol, 1.00 eq). The mixture was stirred at 25 °C for 10 h
Then to the muxture was added sodium triacety! borohvdride (259 mg, 1.23 mmol, 2.00 eq) and
stirred at 25 °Cfor T h. LOCMS showed the reaction was completed. The nuxture was concentrated
under reduced pressure to give the residue.  The residue was purified by preparative hugh
performance hguid chromatography {columm Phenomenex luna C18 150%25mm™ 10ur;mobile
phase: [water(0.196TFA}-ACN]R%: 26%-56%,1 0mun) to give moethyl S5-{4-[[ 1-[4-[[3-{4-cvano-
3-methoxy-phenoxy)-2,2,4 4-tetramethyl-cyclobutyljcarbamoylijphenyl}-4-
piperidylmethylipiperazin-1-ylipyrnidme-2-carboxylate (280 mg, 402.96 umol, 66% yield) as a
white solid.

10762] LOMS: MS (ESEH vz 6953 [M+1]7

{0703} Chenucal Formula: CaoHsoNeOs Molecular Weight: 694 .86
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{0784} Step 20 Preparation of S5-(4-((1-{4-{{{11,3r}-3-{4-cyans-3-methoxyphenoxy}-2,2,4, 4~
tetramethyloyclobutylicarbamovhphenylipiperidin-d-ylimethy Dpiperazin-1-y1ipicolinic acid

,¢\ O, _l/ G

i THF MeQH, G N

- I j\ oy 5 °C, 50 5 "~ oo Lo
LA LA LN

N4

{97065] To a solution of methyl 5-[4-[{1-[4-[[3-(4-cyano-3-methoxy-phenoxy}-2,2.4,4-
tetramethyl-cyclobutyllcarbamoyljphenvij-4-piperidvijmethylipiperazin-1-yljpyridine-2-

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

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

progress to give S-{4-[[1-[4-{[3-(4-cyano-3-methoxy-phenoxy)-2,2,4 d-tetramethyl-
cyclobutylicarbamoyljphenyi]-4-piperidyljmethylipiperazin-1-ylipyridine-2~carboxylic acid

{170.00 mg, 249.69 umol, 62% vield) as a white sobid, which was used into the next step without
further punfication.

[0706] LOMS: MS (ESD nvz: 681.3 [M+1]7

{0767} Chemical Formula: CasHasNe(s, Molecolar Weight: 680.34

{8708] Step 3. Prepamtion of  S5-{4-{({1-{(4-({{1r,31)}-3-{4-cyano-3-methoxyphenoxy}-2,2,4,4~
tetramethyicyclobutylicarbamoyiphenyhpiperidin-4-yUmethyDpiperazin- -y - N-((§}-2,6-

dioxopipenidin-3-yhipicolinanude, Compound 40

- i
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{0788} To a solution of 5-[4-[[1-[4-[[3-{4-cvano-3-methoxy-phenoxy)-2,2,4 4-tetramethyl-
cyclobutylicarbamoyljphenyl-4-pipendyviimethylipiperazin-1-yljpyridine-2-carboxylic acid (170
mg, 249.69 umol, 1.00 eq} in dimethyiformamide (3 mL} was added 1-methylpiperazine (101 mg,
998.78 umol, 10981 gk, 4.00 eq), 1-hvdroxybenzotriazole {51 mg, 374.54 umol, 1.50 eg), 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (72 mg, 374.54 umol, 1.50 eq) and

o
Na
n
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(38})-3-aminopperidine-2, 6-dione (82,19 mg, 499.39 umol, 2.00 eq, hvdrochloric acid). The
mixture was stirred at 25 °C for 10 h. LUMS 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%10um;mobile  phase:
fwater{0.225%FAACN] BY%: 20%6-50%,10min} to give S-[4-[{1-[4-[[3-(4-cvano-3-methoxy-
phenoxy)-2,2 4 4-tetramethyl-cyclobutyljcarbamoyl]phenyl}-4-piperidyljmethvlipiperazin- 1-y1}-
N-[{38})-2,6-dioxo-3-piperidyl]pyridine-2-carboxanude (70.60 mg, 87.39 umol, 35% vield) as a
white solid.

{0710} QC-LOCMS: MS (ESIy m/z: 791 .4 [M+1]".

{0711] 'H NMR: (400 MHz, DMSO-ds)d: 10.85 (s, 1H), 8.73 (4, T =84 Hz 1H), 833(d,J=28
Hz, 1H), 7.87(d, J=88Hz, 1H),774(d, J=88 Hz 2H), 765(d, } =88 Hz, IH),750(d. =
92Hz 1H), 743¢dd,J=2884Hz 1H),09(d, J=92Hz 2H), 6.64(d, ] =20Hz 1H), 654
(dd, J=20,88Hz 1H), 475 (ddd, J =52, 76, 128 Hz, 1H), 427 (s, 1H}, 405 {d, ] =92 H=,
1H}, 391 (s, 3H), 3.87(brdd, J =20, 11.6 Hz, 2H), 3.35(brs, 4H), 330 (brg, 1H), 2.87- 272
{m, 3H),2.55¢brs, 2H), 2.53(br d, J=2.0Hz 2H), 2.27 - 214 (m, 3H), 2.05- 1 98 (m, 1H), 1 86
- 1.75¢(m, 3H), 1.27 - 118 {(m, 8H), 1.15 (5, 6H).

10712} Chenucal Formula: CaaHsalNsOs, Molecular Weight: 790,95

[0713] EXAMPLE 20 — SYNTHESIS OF 5-[4-[[ 1-{4-[[3-{4-CYANO-3,5-DIMETHYL-PHENOXY }-2,2,4, 4~
TETRAMETHYL-CYCLORUT YL} CARBA M{)Yi.;} PHENY } -4.p EPERI[)YL}'[\/[ET HY’L}P PERAZIN-1 ~Y} SIS
[{(38}-2,6-DIOX0-3-PIPERIDYL PYRIDINE-2-C ARBOX AMIDE {COMPOUND 41)

16714] SCHEME 15, SUMMARY OF THE SYNTHESIS OF COMPOUND 41
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{0715} Step 1. Preparation of tert-butyl 4-(6-(methoxycarbonylipyridin-3-vhpiperazine-1-

carboxylate
o (/\QEH e
/N\\/J < -~
Boc O
///’ E o 2o . EN
AN DIPEA, DMSO, /\N"\f
F 100°C, 2 b N\)

[8716] To a solution of methyl S-fluoropyridine-2-carboxylate (900 mg, 5 80 mmol, 1.00 eq) n
dimethyisulfoxide (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 munol, 1.00 eq). The mixture was stirred
at 100 °C for 2 h. LCMS showed that the reaction was completed. The mixture was added poured
mto 1ce 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-pyridvlipiperazine-1-carboxylate
{1.20 g, 3.73 mmol, 64 % yield) as a white sohd, which was used in next step divectly.

[6717] LCMS: MS (ESD) m/z: 322.7 [M+1]™

{8718} Chemical Formula: CisH23N30Q4, Molecolar Weight: 321.37

{0719} Step 2: Preparation of methy! 5-{piperazin-1-ylipicolinate

o
N3
~
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{0728} To a solotion of tert-butyl 4-{&-methoxycarbonyi-3-pyridyl) piperazing-1-carboxylate
{1.20 g, 3.73 mmol, 1.00 eq) in dichloromethane (30 mL) was added hydrochloric acid / dioxane
(4 M, 4 mb, 4.28 eg). The mixture was stirred at 20 °C for 12 h. LCMS showed that the reaction
was completed. The muxture was filtered and the filtered cake concentrated under reduced pressure
to give methyl S-piperazin-l-yvlpyridine-2-carboxylate {(0.90 g, 349 mmol, 93% yield,
hydrochloride) as a vellow solid. The solid was used directly to next step.

10721} LCMS: MS (ESD m/z: 222.2 [M+1]7.

{9722} Chemical Formula: CuHisN3O:z, Molecular Weight: 221 .26

[0723] Step 3. Preparation of wmethyl S5-(4-((1-(4-({{(11,3r)-3~(d~cyano-3,5-dimethylphenoxy}-
22,4 4-tetramethyley dobutyi}carbam@y Yphenylpiperidin-4-vhmethyhpiperazin- 1 -ypicolinate

Regat
o asPpep et 2, /7

Ny /\/N

3/ J TEANaBHACO), DOM,DMF,20°C,12 h N /\ ‘\;
HN._- L\
O

[0724] To a solution of methyl S-piperazin-1-vipyridine-2-carboxylate {159 mg, 0.61 mmol, 1.00

eq, hydrochlonde} wn dichloromethane (3 mbL) and dimethyformamde (2 mlb) 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~
cyano-3,5-dimethyi-phenoxy 3-2,2 4 4-tetramethyi-cyclobutyl]-4-{4-formyl-1-

piperidyhibenzamide (300 mg, 0.61 mmol, 1.00 eq). The muxture was stirred at 30 °C for 12 h.
Then to the mixture was added sodium borohydride acetate (261 mg, 1.23 mmol, 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 mi x 3). The organic
layer was dried over anhyvdrous sodimim 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{0. 1% TFA)-ACN];B%

228
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32%-52%,10min} to give methyl S-[4-{{1-[4-]|3-(4-cyano-3,5-dimethyl-phenoxy}-2,2 4 4-
tetramethyl-cvclobutyljcarbamovljphenyl}-4-pipenidyljmethylipiperazin-1-yl]pyridine-2-
carboxylate (260 mg, 0.37 mmol, 60% vield) as a vellow sohid.

[0725] LOMS: MS (ESH m/z: 693 4 [M+1]7.

{0726} Chenucal Formula: Ca1Hs2NsQ4, Molecular Weight: 692 89

{9727] Step 4. Preparation of S5-(4-({(1-{4-({(11,31}-3-(4-cvano-3,5-dimethyiphenoxy}-2,2.4,4-

tetramethvicyciObutyl) carbamoyliphenyhpiperidin-4-yymethyipiperazin-1-yhpicolinic acid

I“T Ao i 3
\ e AN - T §
l\ & \/ /r ( \\ “ T/ oy NaOH (/}/;\[ \za /j\ /\L e \I/J\OH
\/\ /‘\\ r.ﬁ\N/'\‘%, N mm-ib"THFyrv‘!EOHv N \:? o~ Pry /J\’
L\ A A 50°0,42 0 l e

[0728] To a solution of methyl S-[4-[{1-[4-[[3~(4-cyano-3,5-dimethyl-phenoxy-2,2,4,4-
tetramethyl-cyclobutyl]carbamoyl]phenyll-d-piperidviimethylipiperazin- 1 -ylpyridine-2-
carboxvlate (260 mg, 0.37 nunel, 1.00 eq) in tetrahvdrofuran (5 mL), methanol {5 rol.) and water
{5 ml.}) was added sodwum hydroxide (120 g, 3.00 mmol, 8.00 eq). The mixture was stured at
S0 °C for 12 h. LCMS showed that the reaction was completed. The mixture was adjusted with
diluted hydrochloric acid (6 M) to pH 5. Then the muxture was filtered and the filtered cake was
concentrated under reduced pressure to give S5-[4-[[1-[4-[[3-(4-cvanc-3,5-dimethyl-phenoxy}-
2,2.4 d-tetramethyl-cyclobutylicarbamoyvliphenyl]-4-piperidyljmethyl]piperazin-1-vljpyridine-2-
carboxylic acid (200 mg, 0.27 mmol, 74% yield, hydrochlonde} as a yellow solid, which was used
m next step directly.

[6729] LCMS: MS (ESD) m/z: 679.2 [M+1]™

{0738} Chenucal Formula: CaoHsoNeQO4, Molecualar Weight: 678 86

{0731} Step 5 Preparation of 5-(4-({1-{4-{{{11,3r}-3-{(4-cyano-3,5-dimethyiphenoxy}-2,2.4 4-
tetramethyloyclobutylicarbamovhphenylipiperidin-d-ylimethy Dpiperazin-1-y13-N-{({8}-2,6-

dioxopiperidin-3-yhpicolinamide, Compound 41

o
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{0732} To a solution of 5-[4-[[1-[4-[[3-{4-cvano-3,5-dimethyl-phenoxy}-2,2,4,4-tetramethyl-
cyclobutylicarbamoyljphenyl-4-pipenidylimethylipiperazin-1-yljpyridine-2-carboxylic acid (200
mg, 0.27 mmol, 1.00 eq, hydrochloride} in dimethyformanude (2 mbl} was added 4-
methylmorpholine (141 mg, 1 40 mmol, 5.00 eq), hydroxybenzotriazole (45 mg, 0.33 mmol, 1.20
eq) and 3-(ethyhiminomethyleneanino)-N N-dimethyl-propan-1-amine;hydrochloride (64 mg,
0.33 mmol, 1.20 eg) and (35)-3-amuinopiperidine-2 6-dione (69 mg, 0.41 mmol, 1.50 eg,
hydrochloride). The muxture 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). The organic
layer was dried over sodium sulfate and concentrated under reduced pressure to give a residue,
The residue was purnified with preparative hugh performance liquid chromatography {(column
Shim-pack C18 150%25%10um; mobile phase: [water{0.225%FA)-ACNLB%: 26%-56%,10mn}
to give S-[4-[[1-[4-[[3-(4-cvano-3,5-dimethyl-phenoxy}-2,2,4,4-tetramethy -
cyclobutyljcarbamoylphenyi-4-pipenidylimethylipiperazin- L-y1-N-[(35)-2,6-dioxo-3-
piperidypyridine-2-carboxamide (60.10 mg, 0.07 mmol, 26% vield, 99% purity ) as a white solid.
[0733] QC-LCMS: MS (B8 m/z 791 4 [M+1]7
10734} 'H NMR. (400 MHz DMSO-des: 1085 (s, 1H), 873 (d, J =80 Hz, 1H), 833 (d, =238
Hz, 1H), 8.14 (s, 1H}, 7.87 (d, J = 8.8 Hz, 1H), 774 (d, } = 8.8 Hz, 2H}, 7.51 - 7.39 {m, 2H)}, 6.97
(d, I =92Hz 2H), 6.74 (s, 2H), 481 - 4.66 (m, 1H}, 423 (s, 1H), 404 (d, ] = 9.2 He, 1H}, 3.87
{brd, J=120Hz 2H), 253 (br d, ] = 2.0 Hz, 6H), 244 (5, 6H}, 2.05- 196 (m, 1H}, 1.82{(br d, ]
= 11.6 Hz, 3H), 1.22 (s, 8H), 1.13 (s, 6H).
{8735] Chenucal Formula: CasHaeNzQOs, Molecolar Weight: 788,98

{8736} ExaMPLE 21 - SYNTHESIS  OF  4-[(2R}-2-{JISOPROPYLI{1R,3R}-3-{4-{[{38}-2,6~
DIOXOPIPERIDIN-3-YL JCARBAMOYL |-3-FLUORQPHENQXY JCYCLOBUTYL JAMING [METHYL)
MORPHOLDN-4-YL}-N-[{1R,3R}-3-{4-CY ANO-3-METHOXYPHENOXY }-2,2,4,4-
TETRAMETHYLCYCLOBUTYL [RENZAMIDE (COMPOUND 433 AND 4-{{283-2-(J1SOPROPYL{(1R,3R}-3-

(4-[1(35)-2,6-DIOXOPIPERIDIN-3-YL [CARBAMOYL {-3-FLUOROPHENOXY JCYCLOBUTYL | AMING]
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METHYL JMORPHOLIN-4-YL}-N-[{1R, 3R }-3-{4-CY ANG-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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{(738] Step 11 Synthesis of tert-butyl 4-[{2ZR)-2-(hydroxymethyDmorpholin-4-yljbenzoate

{8739] Into a 250 mL round-bottom flask, was placed (2R)-morpholin-2-vimethanol (10.0 g, 854
mmol, 1.0 equiv), tert-butyl 4-fhiorobenzoate (16.7 g, 854 mmol, 1.0 equuv), DIEA (33,1 g, 251
mmol, 3.0 equuivy i DMSO (25 ml). The resulting sohution was stirred for 16 hours at 120°C in
an ol bath. The reaction was then quenched by the addition of 10 mb. 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-vi}
benzoate as yellow oil.

{0740] LC-MS (ES™): m/z 294 40[MH™], tr = 1.58min (2.9 minute run).

{0741} Step 2: Synthesis of tert-butyl 4-[{(ZR)-2-formylmorpholin-4-ylibenzoate
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{0742} Into a 250 mbL 3-necked round-botiom flask purged and mamtained with an inert
atmosphere of nitrogen, was placed DUM {20 mbL)}. This was followed by the addition of (COClh
(1.5 mbL} at -78. To this was added a solution of BMSO (3 mL} in DUCM (6 mL) at -78°C. To the
mixture was added a solution of tert-butvi 4-{{ZR}-2-(hvdroxymethyl) morpholin-4-y1} benzoate
(2.0 g} in DCM (10 mL) at -78°C. To the mixture was added a solution of TEA (& mbL) 10 DCM
{15 mL}at-78 °C. The resulting solution was stured for 1.5 hours at -78° C. The reaction was then
quenched by the addition of 100 mb of water. The resulting solution was extracted with
dichloromethane (100 mL x3} and the organic layers 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 nuxture was concentrated under vacuum. This resulted in 1 37 g of tert-butyl 4-

[(2R}-2-formylmorpholin-d-yl1] benzoate as a yellow otl.

[0743] Step 3. tert-Butyl 4-[2-([isopropyl[{1r, 3r}-3-[3-fluoro-4-(methoxycarbonyl) phenoxy]
cyclobutyl] amino] methyl) morpholin-4-yljbenzoate

[0744] Into a 100 mL round-botiom flask, was placed tert-butyl 4-[(2R)-2-formylmorpholin-4-yi]
benzoate (1.1 g, 37 mmol, 1.0 equv), methyl 2-fluoro-4-[{1r, 31)-3-(isopropylanminoe)
cyclobutoxy] benzoate (1.1 g, 3.9 mmol, 1.0 equiv) m 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 addition of 1 ml of water. The resulting solution was extracted with
dichloromethane {20 mL x2) dried over anhydrous sodiumn sulfate and concentrated. The residue
was applied onto a silica gel column with ethyl acetate/petroleum ether (1.1} This resulted 1n 650.0
mg (31%) of tert-butyl 4-[2-(Jsopropyl [{Ir, 30)-3-[3-fluoro-4-(methoxycarbonyl) phenoxy]
cyclobutyl] amino] methyl} morpholin-4-y1] benzoate as a yellow solid.

10748) LC-MS (BS™): m/z 557 35[MH], tr = 2 41min (2.9 minute run)

{8746} Step 4: Synthesis of 4-[2-(Jisopropylf(1r, 31)-3-[3-fluore-4-{methoxycarbonyl) phenoxy]
cyclobutyl] amino| methyl} morpholin-4-yllbenzoic acid: Into a 5¢ mL round-bottom flask, was
placed tert-butyl 4-{2-{[1sopropyl [{1r, 31}-3-[3-fluoro-4-{methoxyearbonyl) phenoxy] cyclobutyl]
amino} methyl} morpholin-4d-yl] benzoate (650.0 mg, 1.2 mmol, 1.0 equivy i DCM (10 mL},
triffuorcacetaldehyde (5 mb). The resulting solotion was stirred for 1 hour at room temperature.

The resulting mixture was concentrated. This resulted m 4950 mg (84%) of 4-[2-(]
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isopropyl{(1r,3r)-3-{3-fluoro-4-
{methoxycarbonyl)phenoxylcvelobutyllamino}methyimorpholin-4-yl}ibenzoic acid as veliow oil.

0747} LC-MS (BS™): nv/z 501 2{MH |, tn = 1 32min (4.9 minute run)

{0748} Step 5: Synthesis of methyl 2-fluoro-4-[(1r, 30)-3-[1sopropyvK[4-(4-[[(1r, 30}-3-(4-cyano-
3-methoxyphenoxy}-2, 2, 4, 4-tetramethylcyclobutyl] carbamoyl] phenyl}) morpholin-2-vi]
methyl]} amino} cyclobutoxyibenzoate: Into a 100-mb round-bottom flask, was placed 4-[2-
{[1sopropyl{{1r,3r}-3-[3-fluoro-4-{methoxycarbonyliphenoxyv]eyclobutyljaming]methyi)
morpholin-4-ylibenzoic acid (495.0 mg, 0.9 mmol, 1.0 equiv), Z-methoxy-4-[(1r, 3r}-3-amino-
2,2.4 4-tetramethyleyclobutoxyvlbenzonitrile (271.3 mg, 0.9 mmol, 1.0 equiv} in DMF (5 mlL},
DIEA (3834 mg, 29 mmol, 3.0 equiv), BOP (524.8 mg, 1.2 mmol, 1.2 equiv} The resulting
solution was stirred for | 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 mELx2) dried
over anhydrous 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 (538%%) of methyl 2-fluoro-4-
[y,  3ey-3-Disopropy  ({[4-(4-[[(1r, 3r)3-3-{4-cyvavo-3-methoxyphenoxyy-2, 2, 4, 4-
tetramethylceyclobutyl] carbamovl] phenyl} morpholin-2-vl] methyl]) amino] cyclobutoxy]
benzoate as a vellow solid.

[0749] LC-MS (ES™y: m/z 757 2{MH"], tr = 3 49min (4.9 minute run)

{0758} Step 6. Synthesis  of  2-fluore-4-[{1r,3r}-3-[msopropy{({{4-(4-{[{1r,3r}-3-(4-cyano-3-
methoxyphenoxy }-2,2,4, 4-tetramethyicyclobutyljcarbamoyljpheny morphobin-2-

vijmethyiDaminoleyclobutoxylbenzoic acid:  Into a 100 mbL round-bottom flask, was placed
methyl Z-fluoro-4-{(1r, 3r)-3-[1sopropyl{{{4-(4-{{(1r,3r)-3-(4-cvano-3-methoxyphenoxv)-2, 2, 4,
4-tetramethyicyclobutyl] carbamovl] phenvl) morpholin-2-y1] methvi]) amino} cyclobutoxy]
benzoate {435.0 mg, 0.6 mmol, 1.0 equiv) in MeQOH (5 mL}, caustic soda (91.9 mg, 2.3 mmol, 4.0
equiv) in Ha0 (2.00 mi). 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 resubted in 380.0 mg (89%) of 2-fluore-4-{{1r, 3r}-3-f1sopropvl {{{4-(4-
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(i1, 3r)-3-(4-cyano-3-methoxyphenoxy)-2, 2, 4, 4-tetramethyleyclobutyi] carbamoyl] henyl)
orpholin-2-y1} methyl]} amino] cyclobutoxy] benzoic acid as a yellow solid.

[0781] LC-MS (BS™): mv/z 743 35[MH ], tr = 1.26min (2.9 minute run)

{0752} Step 7a. Synthesis of 4-[(ZR)-Z-([1sopropyl{{1r, 3r}-3-(4-[[(35)-2, 6-dioxopiperidin-3-yli]
carbamoyl}-3-fluorophenoxy) cyvclobutyl] amino] methyvl) morpholin-4-y1}-N-[{ir, 3r}-3-(4-
cyano-3-methoxyphenoxyy-2, 2, 4, 4-tetramethylcyclobutyl] benzamide, Compound 43: Intoa 50
mb round-bottom flask, was placed 2-fluoro-4-[(11, 3r3-3-[1isopropyi{({[4-(4-[{{1r, 3r}-3-(4-cvano-
3-methoxyphenoxy}-2, 2, 4, d-tetramethyleyclobutyl] carbamovl] phenyl) morpholin-2-yl]
methyl]) ammo] cvclobutoxylbenzoic acid {(280.0 mg, 04 mmol, 1.0 eguiv), (35)-3-
aminopiperiding-2,6-dione {(72.4 mg, 0.5 mmol, 1.5 equiv} in DMF (3 mbL), NMM (1144 mg, 1.1
mmol, 3.0 equiv), HOBT (61.1 mg, 0.4 mmol, 1.2 equiv), EDCI (86.7 rog, 0.4 muool, 1.2 equav).
The resulting solution was stirred for 4 hours at room ternperature. The reaction was then quenched
by the addition of T 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 purnified by Chwal-
Prep-HPLC with the following conditions: MTBRE (0.1%DEA)EOH=50:30, column:
ChuralWHELK-014, Size :6%S0mm, 3.5 uny This resulted 10 74.9 mg (23%) of 4-[(2R)-2-
{[1sopropyl{{1r,3r}-3-(4-[[{35)-2,0-dioxopipentdin-3-yljcarbamoyi}-3-

fluorophenoxy jeyclobutylaminojmethyDmorpholin-4-yi-N-[(1r,31}-3-(4-cyano-3-~
methoxyphenoxy }-2,2,4, 4-tetramethyicyclobutyllbenzamde as a off-white solid.

W75 T NMR (400 Mz, DMSO-de) 6 10.90 (5, 1H),8.45-8.20 (m, 1H), 7.90-7.73 (m, 2H),7.72-
7.60 {m, 2H}, 7.59-7 42 (m, 1H}, 7.06-6.87 {m, 2H}, 6.86-6.70 (m, 2H}, 6.69-6.60 {m, 1H), 6.59-
6.45 (m, 1H), 4.90-4.69 {m, 2ZH), 433-421 (m, 1H)}, 4.15-4 00 (m, TH), 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, 7TH},1.18-1.10 {(m, 6H}, 1.05-0.88 {m, 6H).

{0734] LC-MS (ES™): m/z 853 45]MH™], te = 3.61 min {4.9 minute run).

{0755} Chenucal formula: CarHs2FNeOz [852.42]

{0756} Step 7b.  Synthesis of 4-[{28}-2-({1sopropyl[(1r, 3r}-3-{4-{{{38}-2, 6-dioxopiperidin-3-yl1]

carbamoyl}-3-fluorophenoxy) cyclobutyl] amino] methyvl) morpholin-4-y1}-N-[{ir, 3r}-3-(4-
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cyano-3-methoxyphenoxy)-2, 2, 4, 4-tetramethylcyclobutyl] benzamide, Compound 44: Intoa 50
mLb round-bottom flask, was placed 2-fluore-4-[(1r, 3r3-3-{isopropyl{{[4-{4-[{{1r, 31}-3-{4-cvano-
3-methoxyphenoxy}-2, 2, 4, 4-tetramethylcyclobutyl] carbamovl] phenyl) morpholin-2-yl]
methyl]}) ammo] cyclobutoxylbenzoic acid {2800 mg, 04 mmol, 1.0 equv), (35)-3-
aminopiperiding-2,6-dione {(72.4 mg, 0.5 mmol, 1.5 equiv} in DMF (3 mbL), 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 mumol, 1.2 equiv}.
The resulting solution was stirred for 4 hours at room temaperature. The reaction was then quenched
by the addition of 1 mL of water. The resulting solution was extracted with ethyl acetate (20 mbL
x2) dried over anhydrous sodium sulfate and concentrated. The residue was apphied 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%DEA)E{OH=50:50, column:
ChuralWHELK-014, Size :6%S50mm, 3.5 um; This resulted m 581 rog (18%) of 4-[(25)-2-
{[1sopropylf{1r,3r}-3-(4-[[{35)-2,6-dioxopipenidin-3-ylcarbamoyi]-3-
fluorophenoxyeyelobutyjamnoimethyDmorpholin-4-y1}-N-[{1r,3r}-3-(4-cyano-3-
methoxyphenoxy}-2,2,4, 4-tetramethyicyclobutyllbenzamde as a off-white solid.

W57 I NMR (400 MHz, DMSO-ds) 8 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 {m, ZH), 6.86-6.70 {m, Z2H)}, 6.69-6.59 (m,
1H}, 6.58-6.40 (m, 1H), 4.95-4.63 (m, 2H), 4.40-4.23 (m, 1H), 4.10-4.00 {m, 1H}, 3. 99-3.95 {(m,
1H), 3.94-3 88 (m, 3H), 3.86-3.75 (m, 1H}, 3.70-3.60 (m, 3H}, 3.59-3.48 {m, 1H}, 3.47-3.40 (m,
1H}, 3.05-2.92 {m, 1H),2.85-2.70 (m, 2H)}, 2.55-2.50 {m, 2H}, 2.48-2.32 {m, 3H}, 2.30-2.05 {m,
3H), 2.04-1.90 (m, 1H}), 1.30-1.21 {(m, 6H}, 1.20-1.03 (m, 6H3, 1.01-0.80 (m, 6H}.

[0758] LC-MS (ES™) oz 83345[MH], & = 2.03 min (2.9 minute run).Chemical formula:
CarHarFNe(e [852.42]

{8789] EXAMPLE 22 — SYNTHESIS OF N-[{3R}-2,6-DIOXOPIPERIDIN-3-YL |-2-FLUCRO-4-(4-{ [ (2R}-4~
(4-[1(1R,3R}-3-(4-CYANG-3,5-DIMETHYLPHENOXY}-2,2,4, 4~

TETRAMETHYLCYCLOBUTYL [CARBAMOYL PHENYL IMORPHOLIN-2-YL [METHYL {PIPERAZIN-1 -
YLIBENZAMIDE { COMPOUND 48} AND N-{{38}-2, 6-DIOXOPIPERIDIN-3-YL}-2-FLUORG-4-{4-{[{ ZR }-4-
{4-[{{1R,3R)}-3-{4-CYANO-3,5-DIMETHYLPHENOXY }-2,2,.4,4-

TETRAMETHYLCYCLOBUTYL JCARBAMOYL [PHENYL JMORPHOLIN-2-YL [METHYL JPIPERAZIN-1 -

YLIBENZAMIDE; BIS{FORMIC ACID} (COMPOUND 49}

o]
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{8760} SCHEME 17: SUMMARY OF THE SYNTHESIS OF {/OMPOUNDS 48 AND 49.
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{0761} Step 1: Synthesis of tert-butyl 4-[{28)-2-(hydroxymethylimorphoiin-4-vl{benzoate

{0762) Into a S50-mL round-bottom flask, was placed [(25)-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 equuiv), 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 56 mL of DCM. The
resulting mixture was washed with 50 mb of HoO and (3 x 50 mL) of brine. The mixture was dried
over anhydrous sodium sulfate. The solids were filtered out The resulting mixture was
concentrated under vacuum. This resulted i 180 mg {crude} of tert-butyl 4-[{28)-2-
{(hydroxymethyhmorpholin-4-yllbenzoate as light yellow oil.

0763} LC-MS (BS™): nv/z 29410 [M+H"], tr = 0.93 min (1.9 minute run),

[764] Step 2 Synthesis of tert-buty] 4-[(28)-2-formylmorpholin-4-vlibenzoate

[0763] Into a 100-ml. 3-necked round-bottom flask purged and maintained with an inert
atmosphere of nitrogen, was placed {(COCH: (0.40 mL, 470 ramol, 918 equiv) in DCM (20.00
mL}, to which was added DMSO (8.80 roll, 11.26 mumol, 22.03 equav) in DCM {6.00 mL) over 30
mn at ~78°C, after completion of the addition, the mixture was stirred at -78°C for 3 mn, followed
by addition of a solution of tert-buty! 4-{{25)-2~(hydroxymethyDmorpholin-4-y1}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 mun, then BN (3.50 ml, 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
difated with SO ml of DCM. The resalting mixtare was washed with 50 mL of HoO and 3 x 50
mL) of brine. The nuxture was dried over anhydrous sodium sulfate. The sohids were filtered out.
The resulting mixture was concentrated under vacoum. This resulted in 120 mg (crude) of tert-
butyl 4-[{Z8)-2-formyimorpholin-4-yl]benzoate as a vellow solid.

{0766} Step 3. Synthesis of methyl 4-(4-[[{2R)-4-[4-(tert-butoxycarbonylphenviimorpholin-2-
yiimethyl] piperazin-1-yl)-2-fluorobenzoate

{8767} Into a 100-mbL round-bottom flask, was placed tert-butyl 4-[{2S)-2-formyimorpholin-4-
yiibenzoate (950 mg, 3.20 mmol, 1.00 equuv), DCE (25 mL), MeOH (10 mL}, methyl 2-fluoro-4-
{piperazin-1-yhbenzoate {780 mg, 3.26 mmol, 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
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was washed with 1x60 mL of Water. The resulting solution was extracted with 3x60 mi of
dichloremethane and the organic layers combined and dried over anhydrous sodium suifate. The
sohids were filtered out. The resulting mixture was concentraied. The residue was apphied onto a
stiica gel column with ethyl acetate/petroleum ether {(0%:100%-30%:70%). This resuited in 515
me (31%) of  methyl 4-(4-[[{2R)-4-[4-(tert-butoxycar-bonyliphenyijmorpholin-2-
viimethylpiperazin-1-vl)-2-fluorobenzoate as an oft-white solid.

LC-MS (ES+): m/z 514.25 [MH~+], tr = 0.64 mun (1.2 nunute run).

{0768} Step 4 Synthesis  of 4-(4-[[(ZR)-4-{4-{tert-butoxycarbonyliphenyijmorpholin-2-
viimethylpiperazin-1-vl) -2-fluorobenzoic acid
Into a 250-mbL round-bottom flask, was placed methyl 4-(4-[[(ZR)-4-[4-(tert-
butoxycarbonyliphenyl] morpholin-2-ylimethylipiperazio-1-y1}-2-fluorobenzoate (540 mg, 1.05
nunol, 1.00 equivy, MeOH (40 mL), H20 (12 ml), LiOH-H20 (880 mg, 21.064 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 HCYHZO (1 mol/L). The solids
were collected by filiration. This resulted i 039 g (74%%) of 4-(4-[[(2R)-4-[4-(tert-
butoxycarbonyphenvlimorpholin-2-ylmethylpiperazin-1-yD)-2-fluorobenzoic acid as a hight
vellow sohid,

{8769] LOC-MS (ES+): m/z S00.30 [MH+], tr = .79 mun (1.5 minute run}.

{8776} Step 5 Synthesis  of  tert-butyl  4-[(2R3-2-[{4-(4-[[{35)-2,6-dioxopiperidin-3-
vijearbamoyli]-3-fluorophenyl) piperazin-1-ylimethyvlimorpholin-4-yljbenzoate

Into & 100-mL round-bottorn flask, was placed  4-(4-[{(ZR}-4-{4-(tert-
butoxycarbonyliphenyljmorpholin-2-yljmethyl}piperazin-1-y1}-2-fluorobenzoic acid (330 mg,
0.66 mmol, 1.00 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}, (35)-3-aminopiperidine-2, 6-dione (130
mg, 1.02 mmol, 1.50 equiv). The resulting solution was stirred for 1 hr at room temperature. The
reaction was then quenched by the addition of 50 mbL 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 brine. 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-butyl 4-[(2R)-2-{{4-(4-[[{358)-2,6-dioxopiperidin-3-
yijcarbamoyl]-3-fluorophenypiperazin-1-yljmethylimorpholin-4-yl}benzoate as a brown sohd.
{0771} LC-MS (ES+) m/z 61030 [MH+], tr = 0.57 mun (1.2 minute run).

{8772] Step 6. Synthesis of 4-[{ZR)-2-[{4-(4-[[(358)-2,6-dioxopiperidin-3-yijcarbamoyi}-3-
fluorophenypiperazin-1-yljmethylimorpholin-d-yi}benzoic actd
Into a 100-mL round-bottom flask, was placed tert-butyl 4-[(2R}-2-{{4-(4-[{(35)-2,6-
dioxopiperidin- 3-yljcarbamoyl]-3-fluorophenylpiperazin-1-yljmethylimorpholin-4-yi}benzoate
{400 mg, 0.66 mmol, 1.50 equiv), dichloromethane (20 mL), TFA (S mL). The resulting solution
was stirred for 30 mun at room temperature. The resulting mixture was concentrated under vacuum.
The restdue was applied onto a silica gel column with dichloromethane/methanol (5:1). This
resulted mn 113 mg (30%) of 4-JQ2R}-2-[[4-(4-[{(38}-2,0-dioxopiperidin-3-vijcarbamoyl]}-3-
ﬂuorophenyi)mpemzm—1—y}}methyi}morpholm—!i—y Tbenzoic acid as a off-white solid.

[0773] LC-MS (ES+) mv/z 554.20 [MHA+], tr = 0.45 vun (1 2 minute run}.

19774} Step 7a: Synthesis  of N-[(3R}-2,6-dioxopiperidin-3~-yi}-2-fluoro-4-(4-[[{(ZR}-4-(4-
[H{11,3r)-3-(4-cyano-3,5-dimethylphenoxy)-2,2 4, 4-tetramethyleyclobutyljcarbamoylphenyl)
morpholin-2-yljnethyllpiperazin- T -ylbenzamide, Compound 48:

{8778} Into a 100-mal round-bottom flask, was placed 4-[{ZR)-2-[[4-(4-[[{35)-2,6-dioxopiperidin-
3-y1} carbamovli-3~-fluorophenyiipiperazin- -yl imethylimorphohn-d-yilbenzoic acid (90.00 mg,
0.16 mmol, 1.00 equiv), DMF (12 mL}, HATU (52.80 mg, 0.24 mmol, 1.50 equuv), a solution of
DIEA (20990 mg, 1.62 mmol, 10.00 equiv) in DMF (2 mL), 2,6-dimethyl-4-{{1r,31r)}-3-amino-
2,24 d-tetramethylcyelo-butoxyibenzomitnle (61.00 mg, .20 mmol, 1.20 equiv). The resulting
solution was stured for 10 mun at room termperature. The resulting mixture was washed with 1x30
mL of Water. The resulting solution was extracted with 3x30 mbL of ethy! acetate and the organic
layers combined. The resulting nuxture was washed with 1 x50 of brine. The mixture was dried
over anhydrous sodimum sulfate The sohids were filtered out The resulting mixture was
concentrated under vacoum. The residue was applied onto a silica gel column with
dichioremethane/methano! (15:1}. The crude product was purified by E’lash—i—”’rep-HPLC with the
following conditions: Column, {18 silica gel; mobile phase, HaO/ methanol =100%/0% increasing
to H:0/ methanol =14%/86% within 45min; Detector. The productwas purified by chiral
separation with the following conditions: Column: Chiralpak IC, 2%25¢cm, Sum; Mobile Phase A:

DCM, Mobile Phase B: EtOH (8mmol/L NH3 MeOH; Flow rate: 20 mL/min; Gradient: 50% B to
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50% B i 11 min; 220/254 nm; This resulted m 21.5 mg of N-[{3R}-2,6-dioxopiperidin-3-yi}-2-
fluore-4-{4-[[{ZR)-4-(4-[[{1r,3r)}-3-{4-cyano-3, S-dimethylphenoxy)-2,2,4,4-

tetramethvicyclobutylicarbamoyliphenvimorpholin-2-yljmethviipiperazin-1-yibenzanmide

{absolute sterecchemustry tentatively assigned} as a white solid.

{0776] "HNMR (400 MHz, DMSO-d6) § 10.85 (5, 1H), 8.06 (m, 1H), 7.78 (m, ZH), 7.64 (my, 1H),
7.83 (m, 1H),7.00 (m, 2H}, 6.87 - 6.72 (m, 4H), 473 (5, 1H), 4.23 (s, 1H), 4.04 (m, 3H), 3.77 {m,
SHY, 277 {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).

19777} Chemical Formula: CasHsaFN7Og [807 .41

{0778} Step 7b: Synthesis of N-[(3R)-2,6-dioxopiperidin-3-yi}-2-fluoro-4-(4-[[(2R}-4-(4-[{(1 1,31}
-3-{4-cyano-3,5-dimethylphenoxy}-2,2 4, 4-tetramethyleyclobutylicarbamovlphenvlimorphohin-
2-yimethvlipiperazin- 1-yDbenzamide, Compound 49
Into a 100-mL round-bottom flask, was placed 4-[(2R)-2-{[4-(4-[[(38)-2,0-dioxopiperidin-3-y1}
carbamoyl}-3-fluorophenypiperazin-1 ~-yvljmethylmorpholin-4-vilbenzoic acid (90.00 mwg, 0.16
mmol, 1.00 equav), DMF (12 mL), HATU (92.80 mg, 0.24 mmol, 1.50 equiv), a solution of DIEA
{20990 mg, 1.62 womol, 10.00 equiv) it DMF (2 ml), 2,6-dimethyl-4-{{1¢.3r}-3-amm0-2,2,4.4-
tetramethylcyclo-butoxylbenzonitrie (61 .00 rog, 0.20 mmol, 1.20 equiv). The resulting solution
was stured for 10 min at room temperature. The resulting mixture was washed with 1x30 ml of
Water. The resulting solution was extracted with 3x30 mL of ethyl acetate and the organic layers
combined. The resulting mixture was washed with 1 x50 of brine. The muxture was dried over
anbydrous sodiom soelfate. The solids were filtered out. The resulting mixture was concentrated
under vacuum. The residue was applied onto a sidica gel column with dichloromethane/methanol
(15:1). The crude product {(90.00 mg} was purified by Flash-Prep-HPLC with the following
conditions (InteiFlash-1}: Column, €18 silica gel; mobile phase, H20/MeOH=100%/0%
mereasing to H2O0/MeOH=14%/86% within 45mmn; 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 miL/min;
Gradient:50 B 1o 50 B in 11 mun; 220/254 nm; RT1:5.86; RT2:9.36; The product was obtamed.
This resulted in 11.2 mg of N-[(35)-2,6-dioxopiperidin-3-yij-2-fluore-4-(4-[[{(ZR}-4-(4-[[ (11,31}~

3-{4-cyano-3 S-dimethylphenoxy}-2.2 4 4-tetramethylicyclobutyl]carbamoylphenylimorpholin-
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Z-ylimethvipiperazin-1-yhibenzamide; his{formic acid) (stereochemistry tentatively assigned} as
a white solid.

[0779] 'H NMR (400 MHz, DMSO-d6) 8 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 (m, 1H), 6.72 (m, 3H), 4.73 (s, 1H), 4.23 (s, 11}, 4.04 (m, 2H),
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, 7H), 1.12
(s, 7THY, LC-MS (ES+): m/z 808 20 [M+H+], tr = 1.17 nun (3.00 minute run).

{0780} Chemical Formula: CasHsaFN7Og {807 41]

{$781] Exampre 23 —  SYNTHESIS  OF (3 3 R)-4-((1-(4-(((1R 3R)-3-(4-CYANO-3, 5-
DIMETHYLPHENOXY }-2, 2,4, 4~ TETRAMETHYLCYCLOBUTYL JCARBAMOY L )PHENYL JPIPERIDIN-4-
YLIMETHYL}-N-{2,6~-DIOXOPIPERIDIN-3-YL}-2,7, 12-TRION A-4-AZ A~ 1{1, 2}-BENZENA-3{1,3)-
CYCLOBUTANACYCLODODECAPHANE-1-CARROXAMIDE {COMPOUND 64)

[9782] ScrrEME 18 SUMMARY OF THE SYNTHESIS OF COMPOUND 64
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{#784] 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 acetonsirdle (120 mL) 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 sodiumm 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
=201 to 10:1) to give methyl 4-benzyloxy-3-hydroxy-benzoate {12.00 g, 46.46 nmuuol, 78% vield)

as a white solid.
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10785] LOMS: MS (ESI mv/z: 259.1[M+1]".

[0786] “H NMR: (400 MHz, CDC12)8:7.69 - 7.57 (m, 2 H), 7.50 - 7.35 (m, 5 H), 6.97 (d, J=8.4
He, [ H), 5.82-5.70 (m, 1 H), 5.19 (s, 2 H), 3.94 - 3.84 (m., 3 1),

{8787] Chemical Formula: CisHiaO4, Molecular Weight: 258.27

{0788} Step 2. Preparation of methyl 4-benzyloxy-3-(2-trimethyisilylethoxymethoxy) benzoate

-

oy
[0

SEMT N e S
Br A s

{0789} To a solution of methyl 4-benzyioxy-3-hydroxy-benzoate (2.30 g, 8.91 mmol, 1.00 eq) in
dimethyHormamide (20 mL} was added potassium carbonate (2.46 g, 17 81 mmol, 2.00 eg) and 2-
(trimethyisilylethoxymethy! chloride (4.45 g, 2672 mmol, 473 mb, 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 anhvdrous
sodium sulfate, filtered and concentrated under reduced pressure to give a residue. The residue
was purtfied by column chromatography on silica gel (petroleum ether: ethyl acetate = 20:1 to
10:1) to give methyl 4-benzyloxy-3-(2-trimethyisilylethoxymethoxy) benzoate (230 g, 592
mmol, 66% vyield) as a colorless o1l
[0796] LOMS: M8 (ESD) nvz: 411.1[M+23]".
0791} 'H NMR. (400 MHz, CDCI6: 7.83 - 7.79 (m, 1 H), 7.69 - 7.64 {(m, 1 H), 7.45 - 7.34 {m,
5H), 6.95 - 690 (m, 1 H), 532 (s, 2 H), 522 (s, 2 H), 3.87 (s, 3 H), 3.86 - 3.80 (m, 2 H), 0.98 -
0.94 (m, 2 H), 0.00 (s, 9 H),
{0792} Chenucal Formula: C2iHas(Os51, Molecular Weight: 388.53
{0793} Step 3. Preparation of methyl 4-hydroxy-3-2-trimethyisilylethoxymethoxy Ybenzoate.

-

PU/C
0
SEM E \)\o  ——
Bn\of e

{8794} To a solution of methyl 4-benzyiony-3-(2-trimethylsilylethoxymethoxy }benzoate {6.25 g,

16.09 mmol, 1.00 eq} in methanol (830 mL) was added palladium on activated carbon catalyst (10%,

[
ES
5]
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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 Psi) at 40 °C for 12 h. Thin
layer 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-trimethylsilylethoxymethoxy) benzoate (3.70 g, 12.40 mmol, 77% vield)
as a colorless oil.
10795} 'H NMR: (400 MHz, CDCl)6: 7.75(d, J=2.0Hz, 1 H), 7.70 - 7.65 (m, 1 H}, 6.95(d, }=8.4
Hz, 1 H), 5.30 - 5.24 (m, 2 H), 3.87 - 3.85 (m, 3 H), 3.81 - 3.76 (m, 2 H), 1.02 - 0.96 (m, 2 H),
0.01 - 0.01 {(m, S H).
{0796} Chemical Formula: CraH»0s81, Molecular Weight: 298 41

{0797} Step 4 Preparation of methyl 4-[3-(tert-butoxycarbonylaminojeyclobutoxy-3-(2-
trimethyisilylethoxymethoxyYbenzoate

Bock r\ ‘_3 SEM

SEM” ﬁ . ﬁQbHN%“) D

HO”
[0798] To a solution of methyl 4-hydroxy-3-(2-trimethylsilylethoxymethoxyibenzoate (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, 18.60 mmol, 1.50 eq) m tetrahydrofuran (40 mlb) was
added dusopropyl azodicarboxylate (3.01 g, 14.88 mamol, 2.89 mL, 1.20 eq) at 8 °C. The mixture
was stirred at 25 °C for 12 h under nitrogen atmosphere. LEMS showed the starting matenal was
consumed completely. The reaction mixture was concentrated under reduced pressure to give 3
residue. The residue was purtfied by cohumn chromatography on silica gel {petroleum ether: ethyl
acetate = 10 1 to 5 1} to give methyl 4-[3-(tert-butoxycarbonylamino} cyclobutoxy}-3-(2~
trimethylsilylethoxymethoxy) benzoate (5.20 g, 11.12 mmol, 89% yield) as a colorless oil.
[0799] LOMS: MS (ESI) m/z: 490.3[M+23]".
16800} 'H NMR: (400 MHz, CDCI3)8: 7.79(d, }=2.0 Hz, 1 H), 7.70 - 7.63 (m, 1 H), 6.64 (d, }=8.4
Hz, 1 H), 5.27 (s, 2H), 4.92 - 485 (m, 1 H), 4.84 - 4.70 (m, 1 H), 434 - 423 (m, 1 H), 3.87 - 3.86
(m, 3 H), 3.81 (dd, J=8.8, 7.6 Hz, 2 1), 2.70 - 2.53 {m, 2 H), 2.44 (br d, J=6.0 Hz, 2 H), 1.26 (d,
=60 Hz, 9 H), 0.98 - 0.93 (m, 2 H), 0.00 (s, S H).
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{0881} Chenucal Formula: CasHa/NO»51, Molecular Weight: 467.63

{0882} Step 5: Preparation of methy! 4-(3-aminocyclobutoxy)-3-hydroxy-benzoate

SEM & HCl/dioxane

O/’ —— e HzN%\/

\,A,,Of = s

‘0

{0803 To  a solution of methyl  4-[3-(tert-butoxycarbonylamimojcyclobutoxy(-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 mb, 8.63 eqg). The mixture was stisred 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 {o give methyl 4-
(3-aminocyclobuioxy}-3-hydroxy-benzoate {1.90 g, 6.94 mmol, 62% vield, hydrochloride) as a
white solid, which was used in next step directly.

PS4 L OMS: MS (EST) m/z: 238.1[M+1]7

[0805] 'H NMR: (400 MHz, DMSO-de)d: 9.53 (brs, 1 H), 8.34 (br s, 3 H), 7.47 - 7.34 {m, 2 H),
6.70(d, J=88Hz 1 H), 505(brd, J=44Hz, 1 H), 385(brd, J=52Hz 1 H),379(s, 3 H}, 271
~-2.55{m, 2 H}, 249 - 2.41 (m, 2 H).

10806} Chenucal Formula: CioHisNQOs, Molecular Weight: 237.25

{0887} Step 6. Preparation of methyl 4-[3-(tert-butoxycarbonylamino)jcyclobutoxy]-3-hyvdroxy-

benzoate

[B808] To a solution of methy} 4—(3—aminocyciobu‘coxy)~3~hydr0xy-benzoate (1.0 g, 6.94 mmol,
1.00 eq, hydrochlonde) m tetrahydrofuran (20 ml) was added di-tert-butyl dicarbonate (1.67 g,
7.64 ramol, 1.75 md., 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 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 remove solvent.  The residue was purified by silica gel chromatography

Iz

{petroleam  ether/ethyl  acetate=10/1 to U1} to  give  methyl  4-[3-{tert-
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butoxycarbonylammejcyclobutoxy {-3-hydroxy-benzoate (1.73 g, 513 mmol, 73% yield) as a
white solid.

16809] 'H NMR: (400 MHz, CDCL)S: 7.54 - 7.51 (m, 1 H), 7.50 - 7.46 (m, 1 H), 6.55 (d, }=8.4
Hz, 1 H), 5.66 (s, 1 H), 483 (tt, J=6.8, 3.6 Hz, 1 1), 473 (br d, J=13.6 Hz, 1 H), 4.25 (brs, 1 H),
3.80 (s, 3 H), 2.60 - 2.51 (m, 2 H), 2.45 - 2.34 (m, 2 H), 1.38 (s, 9 H).

{0816} Chemical Formula: CiHusNGs, Molecular Weight: 3373

b

{0811} Step 7 Preparation of methyl 3-allvioxy-4-[3-(tert-

butoxycarbonylaminojoyclobutoxylbenzoate
‘.'f"; 8]
KO \j i
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[0812] To a solution of methyl 4-[3-{tert-butoxycarbonylaminojeyclobutoxy]-3-hydroxy-
benzoate (1.73 g 5.13 romol, 1.00 eg) v dimethylormamide (20 mb) was added potassium
carbonate (2.13 g, 1538 munol, 3.00 eq) and 3-bromoprop-1-ene (806.46 mg, 6.67 mmol, 1.30 eqg).
The mixture was stitred at 25 °C for 2 h. Then to the mixture was added sodium
triacetoxyborohydride (38.57 g, 182.00 mmol, 2.50 eq) and stured at 25 °C for 4 h. LOMS showed
that the reaction was completed. The mixture was filtered. The filtrate was concentrated under
reduced pressure o give methyl 3-allyloxy-4-{3-{tert-
butoxycarbonylaminojevclobutoxy Jbenzoate (1.90 g, 5.03 mmol, 98% yield) as a white solid,
which was used in next step direcily.

[0813] LOMS: MS (ESD) mvz: 278 2[M+1-100]*

[0814] 'H NMR. (400 MHz, DMSO-de)8: 7.66 - 7.61 (m, 1 H), 7.58 (d, J=2.0 Hz, 1 H), 6.66 (4,
J=8.4 Hz, 1 H), 6.17 - 6.06 (m, 1 H), 5.47 (dd, J=17.2, 1.6 Hz, 1 H), 5.33 (dd, J=10.4, 1.2 Hz, 1
H), 494 - 4.86 (m, 1 F), 4.65 (br d, J=5.2 Hz, 2 H), 438 - 426 (m, 1 H), 3.90 (s, 3 F), 2.74 - 2.62
{m, 2H},, 247 (brd, =68 Hz, Z H), 1.47 (s, @ H}.

{0815} Chenucal Formula: CaoHa7NQe, Molecular Weight: 377.43

{0816} Total H count from HNMR data: 26.

{6817] Step 8

{0818} Preparation of methyl 3-allvloxy-4-(3-ammocyclobutoxy} benzoate

246
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{0819} To a solution of methyl 3-allvioxy-4-[3-(tert-butoxycarbonylaminojcyclobutoxy fbenzoate
{1.90 ¢, 5.03 mmol, 1.00 eq) in dichlormethane {20 mL)} was added hydrochloric acid / dioxane (4
M, 18 mL, 13.72 eq). The muxture 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
nuxture was concentrated under reduced opressure to  give methyl 3-allyloxy-4-(3-
anmuinocyclobutoxy) benzoate (1.50 g, 478 mmol, 94% yield, hydrochloride} as a white sohid,
which was used in next step direcity.

[0820] 'H NMR: (400 MHz, DMSO-de)d: 851 - 831 (m, 3 H), 7.59 - 7.53 (m, 1 H), 7.48 (d,
J=2.00 Hz, 1 H), 6.82 (4, J=8.4 Hz, 1 H), 6.05 (ddt, J=17.2, 10.4, 5.2 Hz, | H), 5.41 (dq, I=17.2,
1.6 Hz, 1 H), 5.27 (dq, 7=10.4, 1.6 Hz, 1 H), 5.16 - 5.03 {m, 1 H), 4.63 (dt, J=5.2, 1.6 Hz, 2 H),
3.38-3.51 (m, | H), 3.81 (5,3 H), 2.66 (qd, =72, 4.8 Hz, 2 H), 2.49 - 2.42 (m, 2 H).

{0821} Chewmcal Formula: CisHioNGy, Molecular Weight: 27732

{0822} Total H count froro HNMR data: 20

[0823] Step 9. Preparation of methyl 3-alivioxy-4-[3-(2-allyloxyethylanuno) cyclobutoxy]
benzoate
L.
o~ 9
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{0824] To a solution of methyl 3-allyloxy-4-(3-aminocyclobutoxy} benzoate (900.00 mg, 2.87
mmol, 1.00 eq, hydrochlonide} and 2-allvloxyethyl 4-methylbenzenesulfonate (588.15 mg, 2.29
mmol, 0.80 eq} in methyl cyanide (15 mL) was added ditsopropylethylamine (1.11 g, 8.60 mmagl,
1.50 mL, 3.00 eq). The mixture was stirred at 70 °C for 12 h. LUMS showed that the reaction
was completed. The reaction mixture was concentrated under reduced pressure to give methyl 3-
allyloxy-4-{3-{2-allyloxyethylamino) cyclobutoxy} benzoate {0.90 g, 2.49 mmol, 6% yield) as a
vellow oil, which was used in next step directly.

[0825] LOMS: MS (ESI) m/z: 362.3 [M+1] 7,

i
N
~3
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10826} 'H NMR: (400 MHz, CDCEY: 7.71(d, J=8.0 Hz, 2 H), 747 (5, 1 H), 6.08-593{m, 1 H},
587 -573{m, 1 H}, 542 -532{(m, 1 H}, 528 - 518 {m, 2 H}, 516 - 5.05 {m, 1 H}, 491 (4,
=72, 36Hz 1 H),460-449{(m, 2H}, 396-387(m, 2H}, 381 (5,3 H),3.69-360(m, 3H),
306-302{(m, 2H} 284-273(m, 2 H}, 2.58-246{(m, 2H), 200 (s, 1 H}.

10827} Chenucal Formula: CaoH»7NQOs, 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)

amino} cyclobutoxy] benzoate
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{0830} To a solution of methyl 3-allyloxy-4-[3-(2-allyloxyethylanminolcyclobutoxylbenzoate
{0.90 ¢, 2.49 mmol, 1.00 eq) in tetrahydrofuran (10 ml} was added di-tert-butyl dicarbonate
{5398.00 mg, 2.74 mmol, 62927 ul, 1.10 eq) and triethylanune {50400 mg, 4 98 romol, 693,19
ul., 2.00 eq). The muxture was stirred at 25 °C for 12 b, LCMS showed that the reaction was
completed. The reaction mixture was concentrated under reduced pressure. The residue was
puritied by silica gel chromatography (petroleum ether / ethy! acetate = 20/ 1 to 10/ 1) to give
methyl 3-allyloxy-4-{3-[2-allyloxyethyl (tert-butoxycarbonyl} ammo] cyclobutoxy] benzoate
{0.53 g, 1.15 mmol, 46% yield) as a colorless ¢l

[0831] LOMS: MS (ESD) mvz: 362.2[M+1-100] "

10832] 'H NMR. 400 MHz, CDCE)S: 7.55 (dd, F=8.4, 2.0 Hz, 1 H), 7.51 - 7.47 (m, 1 H), 6.56 (¢,
J=8.4 Hz, 1 H), 6.13 - 5.49 (m, 1 H), 5.82 (ddt, J=17.2, 10.6, 5.6 Hz, 1 H), 5.46 - 5.33 {m, 1 H),
§.26-5.15 (m, 2 H), 5.10 (dd, J=10.4, 1.6 Hz, 1 F), 475 (brt, J=6.4 Hz, 1 H), 461 - 454 (m, 2
H), 4.52 - 4.41 (m, 1 H), 3.96 - 3.86 (m, 2 H), 3.81 (s, 3 H), 3.49 - 3.39 (m, 2 H), 3.37 - 3.25 (m,
2 H), 2.83 - 2.59 (m, 2 H) 2.57 - 2.40 (m, 2 H), 1.40 (s, © H).

{0833} Chemical Formula: CasHssNGy, Molecular Weight: 461.55

0834) Step 11 Preparation of 4-(tert-butyl) 1methyl (3'r,3°,E)-2,7,12-trioxa-4-aza-1{1,2)-
, £ B ,

benzena-3{1,3)-cyclobutanacyclododecaphan-9-ene-1* 4-dicarboxylate
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18835] To a solution of methyl 3-allyloxy-4-{3-{Z-allyloxyethyl{tert-

butoxycarbonyhaminc]cyclobutoxylbenzoate (530.00 me, 1.15 mmol, 1.00 eq} in dichlormethane
(300 mL) was added benzylidene-[1,3-bis(24,6-trimethylphenylinudazolidin-2-ylidene}-
dichloro-ruthentumytricyclohexylphosphane (234.00 mg, 0.27 mmol, 0.24 eg). The mixture was
stirred at 40 °C for 12 h. LCMS showed that the reaction was completed. The reaction muxture
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'r,3% EF)-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, 22% yield) as a yellow oil.

[0835] LCMS: EW13161-309-PIB4, MS (EST) w/z: 334 1[M+1-100]"

10837} Chenucal Formula: CnH3iNG7, Molecular Weight: 433.49

[0838] Step 12: Preparation of 4-{tert-butyl}) 1-methyl (3'1,3°r-2,7.12-trioxa~-4-aza-1(1,2)-

benzena-3(1,3)-cyclobutanacyclododecaphane-1* 4-dicarboxylate

- i \\ﬁ/\\ [\7}0\ i "§:\\\E
BOC\N“.LJ o/"\!\/ SO RAPRIg,GEL Hy BoC.. ~ \)/\ /Ai\;{'o\
L O NeOH, 70°C, 0.5 h K L 5
O\\/’/ﬁ S

[0835] To a solution of O23-tert-butyl 1*-methyl (31r,3% F3-2,7,12-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 mbL} was added chlororhodium;inphenylphosphane (23.00 mg, .03 mmol, 0.10 eg).
The muxture was stirred at 70 °C for 0.5 b under hydrogen atmosphere (15 Psi). LOMS showed
that the reaction was completed. The reaction mixture was concentrated under 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*-methy! (3',3°r)-2,7,12-trioxa-4-aza-1(1,2)-benzena-3(1,3)-
cyclobutanacyclododecaphane-14 4-dicarboxylate {20 mg, 0.21 mmol, 81% vield) as a yellow oil.
[0840] LOMS: EW13161-311-P1A, MS (EST) m/z: 336.4[M+1-100} ",

{0841} Chenucal Formula: CxsHaaNG», Molecular Weight: 43557

B
5
Rl
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10842} Step 13: Preparation of {3'r3%)-4-(tert-butoxycarbonyi)-2,7,12-trioxa-4-aza-1{1,2)-

benzena-3{1,3}-cyclobutanacyclododecaphane-1*-carboxylic acid

NN v © \/
f*w ]v,\ L e e »w
\. MaOH kj
C
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{0843] To a solution of 4-(tert-butyl}) I*-methyl (3'r,3°r)-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 eq) in
methanol (2 mL} and water (0.5 mL} was added sodium hydroxide {(66.00 mg, 1.65 mmol, 400
eq). The mixture was stirred at 50 °C for 12 h. LCMS showed that the reaction was completed.
The reaction mixture was concentrated 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 filtered and
concentrated under reduced pressure to give (3'r,3%r)-4-(tert-butoxycarbonyl)}-2, 7,12-trioxa-4-aza-
1(1,23-henzena-3(1,3)-cyclobutanacyclododecaphane- 1 -carboxylic acid (140.00 mg, 0.33 mmol,
80% yield) as a white solid.
[0844] LOMS: MS (ESD nvz: 322.2[M+1-100] "
[0845] 'H NMR: (400 MHz, DMSO-de}d: 12.83 - 12.58 (m, 1 H}, 7.61 - 7.5} {(m, 2H), 7.15-7.058
(m, 1 H), 491 (brt, J=5.6 Hz, 1 H), 4.50 - 433 (m, 1 H), 4.13 - 4.00 (m, 2 H), 3.49 - 3.43 {m, 2
H), 3.41 - 3.37 (m, 2 H), 277 - 2.61 (o, 2 H), 2.55 - 2.52 (m, 2 H), 2.30 - 2.16 (m, 2 H), 1.39 -
1.77 {m, 2 1), 1.70 - 1.59 (m, 2 H), 1.45 - 1.37 (m, 9 H).
{0846} Chemical Formula: CaxHaiNG7, Molecular Weight: 421 48
{8847 Total H count from HNMR data: 31
{MM ] Step 14 Preparation of tert-butvl (31r,3%)-1%-((2,6-diowopiperidin-3-yljcarbamoyl)-

b
ll

12-trioxa-d-aza-1(1,2}-benzena-3(1,3}-cyclobutanacyclododecaphane-4-carboxylate

O HeN ji\n\!H O s
/\7‘. : ’\\\\E Nr et R e}
BOC\NVLJ I \;;\ E/OH j:\‘/go Boc. /L-/ l /j\\r/ﬁ JJ\

P8 y UTLL
o\_ P On
{0849] To a solution of (3% 3%r)-4-(tert-butoxycarbonyl}-2,7,12-trioxa-4-aza-1{1,2)-benzena-
3(1,3)-cyclobutanacyclododecaphane-1%-carboxvlic acid (140.00 mg, .33 mmol, 1.00 eq) in
dimethy Hormamide {2 mbL) was added triethyiamine (134.00 mg, 1.33 mmol, 184.93 ul, 4.00 eg),

1-hydroxybenzotriazole (58.00 mg, 043 mmol, 130 eq), 1-(3-dimethylaminopropyl}-3-
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ethylcarbodimmide hydrochloride {(82.0C mg, 0.43 mmol, 1.30 eq) and 3-aminopiperidine-2 6~
dione {71.00 mg, 0.43 mmol, 1.30 eq, hydrochloride). The mixture was stirred at 25 °C for 12 h
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 layer 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,3r)-1%-((2 6-dioxopiperidin-3-
viycarbamoyl}-2,7 12-trioxa-4-aza-1{1,2}-benzena-3(1,3}-cyclobutanacyclododecaphane-4-
carboxylate (170.00 mg, 0.32 mumol, 96% yield} as a white solid.

[0850] LOMS: MS (ESD) m/z: 432.3[M+1-100]"

[0851] 'H NMR: (400 MHz, CDCL)S: 8.02 - 7.89 (m, 1 H), 7.43 (4, J=2.0 Hz, 1 H), 7.35 - 7.27
(m, 1 H), 6.89(d, J=8.4 Hz, 1 H), 6.82 (brd, 7=5.2 Hz, | Hy, 4.80 (brs, 1 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), 3.37 {br t, }=5.2
Hz, 4 H), 284 -262(m, SH), 234 (brt, J=84 Hz, 2H), 195-1.81 (o, 3H), 167 (dt, J=128,
6.4 Hz, 2 H), 1 41 (s, 9 .

{0852} Chemical Formula: CayHaN3Os, Molecular Weight: 531.60

{1853] Step 15: Preparation of dimethyl 4-[8-[3-[2-(2,6-dioxo-3-piperidyl}-6-methoxy-1,3-dioxo-

somdohn-S-vljoxyeyclobutyl]-5-oxa-2,8-diazaspiro|3 Sinonan- uvi]bm/om acid

/‘F\~ \ O
Soc o /) i
Boow, /kw HCldioxane HN - 4}\\(
e |
) g o

O
{0854] To a solution of tert-butyl 16-{(2,6-dioxo-3~-piperidyicarbamovi]-34,35 36-trioxa~29-

A\_

azatricycloicosa-3,5(16},17-triene-29-carboxylate  (170.00 wg, 032 mmol, 1.00 eq m
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-piperidyi}-28,29 30-trioxa-22-
azatricycloicosa-, 2(13}, 14-triene-13-carboxamide {14800 mg, 032 mmol, 98% vield,
hydrochloride} as a white solid.

[0855] LOMS: MS (ESI) m/z 432.3[M+1] "

{0856} Chenmucal Formula: CaH2oNsOs, Molecular Weight: 431 .48
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{0837] Step 16: Preparation of {3'r,3%0)-4-{{1-{4-({{1r,3r)-3-(4-cyano-3,5-dimethylphenoxy}-
2,24 4-tetramethylcyclobutylicarbamoyiphenylpiperidin-4-ymethyl}-N-{2,6-dioxopiperidin-
3-y1}-2,7,12-trioxa-4-aza-1(1,2)-benzena-3(1,3)-cyclobutanacyclododecaphane-1*-carboxamide,
Compound 64

TS
,/\j o}
N\-

,74\
s L e o 1 I S O
7- i AN py ,J\[\ /\/\ «“4
H a u \/ '\F
Hy 7 v i w4 L ]
{ o i ~ L 6 \/&
N ,L; § \/\n NagH(OACk [\\\\\/ ~d /k I\//
O DCE, 15°C. 16 h 7Y

/\/’\s’J

{0858} 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 {5 mL)
was added N-[3-(4-cyano-3,3-dimethyl-phenoxy}-2,2,4 4-tetramethyl-cyclobutyl}-d-(4-formyl-1-
piperidybenzamide (169.00 mg, 0.34 mmol, 1.10 eg), triethylanine (32.00 mg, 0.31 mmol, 44.02
ul, 1.00 eq) and acetic acid (38.00 mg, 0.63romol, 36.18 ul, 2.00 eq) at 25 °C. The nuxture was
stirred at 25 °C for 12 h. Then to the nuxture was added sodium triacetoxyborohydride (201.00
mg, 0.95 mmol, 3.00 eq) and stirred at 25 °C for 4 b LCMS showed that the reaction was
completed. The reaction mixture was concentrated under reduced pressure. The residue was
purtfied by preparative thin layer chromatography (dichloromethane: methyl aleohol = 101,
Rf=0.4) to give a yellow oil. The vellow o1l was further punification by preparative HPLC
{coluron: Shum-~pack CI8 150%25%10um;mobile phase: [water{(0.225%FA}-ACN]BY%: 30%-
60%,10mim}  to  give  (3',3%)-4-((1-(4-({(11,37)-3-(4-cyano-3,5-dimethyiphenoxy -2,2 4,4~
tetramethyleyclob u‘ty1)carbamoy!)pheﬂy Dpiperidin-4d-yhmethy D-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, 0.08 mmol, 26% vield, 99% purity, formate) as 3 white sohid.

[0859] QC-LCMS: MS (EST) m/z: 903.1[M] ",

[0860] 'H NMR: (400 MHz, DMSO-de)d: 10.88-10.82 (m, 1 H), 861 (brd, J=84 Hz, 1 H), 825
(s, 1 H), 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, 411), 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, 2H), 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),
ZA1-203(m, 4 H), 1.96(dt,J=64, 40Hz 1 H), 1.85- 171 {m, SH}, 1.66-154(m,3H), 1.12
(s, 6 F), 1.17 - 1.11 (m, 8 H),
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{0861} Chemical Formula: CsaHesNeOe, Molecular Weight: 903.12

{0862} EXAMPLE 24 — SYNTHESIS OF 3-{4-[{1-[4-{[3-(4-CYANOG-3, 5-DIMETHYL-PHENOXY }-2,2,4, 4~
TETRAMETHYLCYCLOBUTYL [CARBAMOYL PHENYL}-4-PIPERIDYL JMETHYL}-1-PIPERIDYL }-N~( 2,6~
DIOXO-3-PIPERIDYLIBICYCLO[ 1 1. 1 [PENTANE- 1 -CARBOX AMIDE {COMPOUND 70}

{0863} SCHEME 19 SUMMARY OF THE SYNTHESIS OF COMPOUND 70

SCOMe cocie
Meooc—  COooNe Lcliisrane weooc—  COOM
- S L bt o PR ommmmmm—me
o o N DIEA, ACH, 80°C, 101t
c D
HO
COOH o M
£o0H ) F—
oy BH, MeoS S \ o PaiC
/ e \> NERN Y — o
THF, 70°C, 100 SN
—
S

HO, 4
3, A
> / Surern oxidatic
B {rron v odtatn =
TEA DEM SN I
Boe—N Soe—h )
~/ NS

{0864 Step  'Preparation of tert-butyl  4-[{E}-4-methoxy-4-oxo-but-2-enylipiperidine-1-

carboxylate

o)
93]
03]
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8
FAK
[/ ,\j /\f’o 4 :.:\ - — L COOMe
oo e DOM, 36°C, 10 A BOC'N\HM}““/

{0865] To a solution of tert-butyl 4-(Z-oxcethyl)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, 2420 mmol, 1.10 eq). Then the mixture was stirred for 10 h at 30 °C. Thin layer
chromatography (petroleum ether: ethyl 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 =101, 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 otl, which was used
in next step directly.

[0866] 'H NMR: (400 MHz, DMSO-de)8: 6.79-6.93 (m, 1 H), 5.76(dt, }=15.6, 1.2 Hz, 1 H), 395
-4.07 {m, 2 H), 3.66 (s, 3 H), 2.61 (td, F=12.8, 2.8 Hz, 2 H), 2.04 - 2.17 (m, 2 ), 1.56-1.64 (o, 2
H), 1.44 - 1.56(m, 1 H), 1.38 (5, 9 1), 0.99 - 1,13 (r0, 2 H),

{0867} Chemical Formula: CisHzsNGa, Molecular Weight: 28336

{B868] Step 20 Preparation of tnimethyl 2-[{1-tertbutoxycarbonyl-d-piperidylymethyl]propane-

1,1,3«tricarboxylate

O O COOMe
- OO o
P oo | MeooC—{  COOMe
2 3o — _—
Boo~N Yo ; /)
N/ Soc—N -
N

[0869] To a solution of cesiom carbonate (28.06 g, 8611 mmol, 400 eq} m NN-
dimethyiformamide (100 mL} was added dimethyi propanedioate {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 mixture was added
tert-butvl 4-{{E}-4-methoxy-4-oxo-but-2-envijpiperidine-1-carboxylate (6.10 g, 21 .53 mmol, 1.00
eq} and stirred for 10 hat 60 °C. Thin layver chromatography (petroleum ether: ethyl acetate =3:1)
showed that the reaction was completed. The nuxture was diluted with ethyl acetate (300 mbL) 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

254
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purified by column chromatography on silica gel (petroleum ether: ethvl acetate = 20:1~10:1~5:1)
to give trimethyl 2-[(1-tertbutoxycarbonyi-4-piperidvhymethylipropane-1,1,3-tricarboxylate (8.10
g, 19.50 mmol, 90 % vield) as a colorless otl.

(0870] "H NMR: (400 MHz, CDCE)YS: 3.95 - 4.05 (m, 2 H), 3.51 - 3.72 (m, 11 H), 2.55 - 2.68 (m,
3H)Y, 247-255(m,V H), 232-240(m, 1 H), 1 60-169(m, 1 H), 1.57 (brs, 1 H), 1.29- 143
{m, I0H)}, 123-129(m, 1 H),092-1.10{(m, Z H).

{0871} Chenucal Formula: CooH3:NOs, Molecular Weight: 415,48

{0872} Step 3. Preparation of truimethy] 2-(4-piperidyimethylipropane-1,1 3-tricarboxvlate

COCke COOMe

Meooc~<,_/cocsr.ﬁe HClioxane meooc—{  COOMe
.......................... R
= S
Bos—N ‘ HN >
pN—4 N

[0873] To a solution of trimethyl 2-[(1-tert-butoxycarbonyl-d-piperidylymethyiipropane-1,1,3-
tricarboxylate (8.10 g, 19 50 mmol, 1.00 eq) in dichloromethane (100 mL) was added hydrochloric
acid / dioxane (4 M, S8 i, 11.83 eq). Then the nuxture was stirred for 30 min at 30 °C. Thin
faver chromatography (petroleum ether. ethyl acetate = 1:1) showed that the reaction was
completed.  The nuxture was concentrated under reduced pressure to give trimethyl 2-(4-
piperidylmethypropane-1,1,3-tricarboxylate {6.80 g, 19.33 mmol, 99% yield, hydrochloride salt)

as a white solid, which was used in next step directly.

{8874] Step 4. Preparation of trimethyl 2-{{1- benzhydryl-d-piperidyimethytjpropane-1,1,3-

tricarboxylate
= COCMe
Foots \ /;\ MeO0C DOOMe
MeDOC—<{  COCMe : }——/
i /
N s e
el Nt KaCOs, ACN, 80°C, 10 R __f Nt

— &

{0878] To a solution of tmimethyl 2-(4-pipendylmethyDpropane-1,1,3-tricarboxyvlate {6.80 g,
21.56 mmol, 1.00 eq, hydrochloride salt) in acetomirile (100 mL} was added potassium todide
(35794 mg, 2.16 mmol, 0.10 eq), potassium carbonate (8.94 g, 64.69 mmol, 3.00 eq} and
[bromo{phenylmethylibenzene {6.39 g, 25.88 mmol, 1.20 eq). Then the mixture was sturred 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

255
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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 trimethyl 2-[{1- benzhydryl-4-

piperidyimethylpropane-1,1,3-tricarboxylate (8.30 g, 17.23 mmol, 79 % vield) as a coloriess oil.

{0876} Step 5 Preparation of 2-[{1-benzhydryi-4-piperidylimethyljpropane-1,1 3-tricarboxylic

acid
== COCMe == COOH
4 2 Me0OC COOMe W HOOC—(  COOH
N { 7 3 ; /
X NaOH s >
St —_— -
/_(> s ReOH, 50°C, 100 o OO
Ty
N\ N\

{0877} To a soluttion of trnimethyl 2-[(1-benzhyvdryl-4-piperidylimethyljpropane-1,1,3-
tricarboxvlate (8.3 g, 17.23 mmol, 1.00 eq} in water {25 mL) and methanol (100 mL) was added
sodiurn hydroxide (2.76 g, 68.94 mmol, 4.00 eg). Then the mixture was stirred for 1 h at 1060 °C.
LCMS showed that the reaction was completed. The muxture was concentrated under reduced
pressure to give 2-[{1-benzhydryl-4-piperidylymethyljpropane-1,1, 3-tricarboxylic acid (7.50 g,
17.06 mmol, 99 % vyield) as a white solid was used in next step directly.

[6878] LCMS: MS (ESD) m/z: 440 2[M+1]™

{8879] Step 6 Preparation of! 3-[{1-benzhydryl-d-piperidyDmethyljpentanedioic acid

= felele it = COOH

Y ool roon 4 X SO

g — HOH Lj( TN /
b — =

o= - 00T, 10k /,:(\ N

{0888] To a solution of 2-[{1-benzhydryl-d-pipenidylymethylipropane-1,1 3-tricarboxylic acid
{7.50 g, 17.06 mmol, 1.00 eq) i water (30mL) 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 diluted with water (50 mL) and filtered. The filtrate cake was
concentrated under reduced pressure to give 3-[{1-benzhydryl-d-piperidylimethylpentanedioic
acid (5.00 g, 12.64 mmol, 74 % vield} as a white solid, which was used in next step directly.
[0881] LOMS: MS (ESD) m/z: 396.2[M+1]™

{0882} Chemical Formula: CruHoNGs, Molecular Weight: 395.49
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{0883} Step 7: Preparation of 3-[(1-benzhydryl-4-piperidyhmethylipentane-1, 5-diol

P SOOH HQ
§ 4 { poom Ve ““> ) s
. e ' BH; Me.S Y \ i
Y S S RSV /—‘\\ /\-’
ped N THF, 70°C, 10 h i I
\/‘\ /} (f".;."\\
et \..7

{0884} To a solution of 3-[{1-benzhydryl-d-piperidylimethylpentanedicic acid (5.0 g, 12.64
mmol, 1.00 eq) 1n tetrahydrofuran (300 mL) was added dropwise borane dimethyl suifide complex
(10 M, 3.79 mb, 3.00 eq) at 0 °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/ methanol (4 M,
20 mL). The nuxture was stirred 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
stlica gel (dichloromethane: methyl alcohol methanol = 100:1-40:1~20:1}) to give 3-[(1-
benzhydryl-4-piperidylimethyiipentane-1,5-diol (3.10 g, 8.43 mmol, 66 % vield) as a white solid.
[0885] LOMS: M8 (ESD nvz: 368.2[M+1] ™

{0886} Chewmical Formula: CaaHuNG2, Molecular Weight: 36752

[0887] Step & Preparation of tert-butyl 4-[4-hydroxy-2-{2-hydroxyethyhibutylipiperidine-1-

carboxylate
HQ
..... HO
/ V4 £y
N/ N TR Pdic ; .
N R \ oM
----- N Boc—N \r—/

{B888] Toa solution of 3-[{1-benzhydryi-4-pipenidylimethyllpentane-1,5-dio} (3.10 g, 8.43 mmol,
1.00 eq) 1n ethyl acetate (50 mL) was added triethylammne {1.71 g, 16.87 mmol, 2.35 mL, 2.00 eq},
di-tert-butyl dicarbonate {2.21 g, 10,12 mmol, 2.33 mi, 1.20 eq} and palladium on activated carbon
catalyst {200 mg, 10% purity). 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 to give the residue. The residue was purified by column chromatography
on siica gel (peiroleum ether: ethyl acetate = 10:1~1:1} to give tert-butyl 4-[4-hydroxy-2-(2-

hydroxyethylybutylpiperidine-I-carboxylate (1.70 g, 5.64 mmol, 66 % vield) as a colorless oil.

o)
W
~2
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[0889] LOMS: MS (ESD) m/z: 302.2{M+1]™
{0896] Chemical Formula: CisH3iNGy, Molecular Weight: 301.42

{0891} Step 9. Preparation of tert-butyl 4-{4-oxo-2-(2-oxoethylybutyl|piperidine-1-carboxylate

HC Q,

\ Y
< /—*OH Swearn oxidstion 4 rem(y
> 4
7 N
Boo--N ) Bos—N
A Nt

{0892] To a solution of Oxalyl chloride (2.74 g, 21.56 mmol, 1.89 ml, 1000 eg) m
dichloromethane (5 mL} was added dropwised a solution of dimethylsulfoxide (2.02 g, 2588
mmol, 2.02 mL, 12.00 eq} in dichloromethane (5 mbL) at -70 °C. The muxture was stured for 0.5
h at -70 °C.  Then to the mixture was added a solution of tert-butyl 4-[4-hydroxy-2-(2-
hydroxyethylbutylpiperidine- 1 -carboxylate (650 mg, 2.16 mumol, 1.00 eq) in dichloromethane (8

aY

mil.} at -70 °C. The nuxture was stirred for 3 b at -70 °C. Then to the nuxture was added

triethylamine (436 g, 43 13mmol, 6.00 mL, 20.00 eq) at -70 °C dropwise. The nuxture was stirred
at 25 °C for 12 h. Thun layer chromatography {petroleum ether: ethyl acetate = 5:1) showed that
the reaction was completed. The mixture was guenched with water (30 L) and extracted with
dichloromethane (30 mL). The organic layer was washed with brine (30 md.), dried over sodium
sulfate and concentrated under reduced pressure to give the residue. The residue was purified by
cohumn chromatography on sitlica gel (petroleurn ether: ethyl acetate = 30:1~-20:1~5:1} to give tert-
butyl 4-[4-ox0-2-(2-oxoethyDbutvlipiperidine-1-carboxylate (630 mg, 2.12 mmol, 98 % yield} as

a colorless ol

{8893} Step 10: Preparation of tert-butyl 4-[{1-{1-benzyloxycarbonyl-3-bicyclof 1.1 1]pentanyi)-

4-piperidylimethy ! piperidine-1 ~carbexyiaie

N
O_\B M fg (" K:] Boe,

{ D {

{ = AT ),_\/\)

I e AcOH, NaBHIOACks, DCM L\‘/\/\

{0894 To a sclution of benzyl 3-aminobicycloft 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-{2-oxocethyljbutyl|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 sodium 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-bicyclo[1 1. 1]pentanyi)-4-
piperidyljmethyl]piperidine-1-carboxylate {360 mg, 1.16 mmol, 54 % vield)as a colorless oil.
[0895] LOMS: MS (ESD) m/z 483.3[M+1]".

[0896] 'H NMR: (400 MHz, CDCE)S: 7.31 - 7.42 (m, 5 H), 5.14 (5, 2 H), 3.97 - 4.14 (m, 2 H),
288 (brd, =116 Hz, 2 H), 2.68 (brt, J=12.4 Hz, 2 1), 2.00 (s, 6 H), 1.95 - 2.04 (m, 2 H), 1.62 -
1.74 (m, 4 F), £.45 - 1.51 {m, 10H), 1.30- 1.38 (m, 1 H), 1.14 - 1.25 (m, 4 H), 1.06 (gd, J=12.4,
4.4 Hz, 2 H).

10897} Chenucal Formula: C2eHaaN204, Molecular Weight: 482.65

{0898] Step b Preparation of benzyl 3-[4-{4~-ppendylmethyl}-i-
piperidyllbicyelo[1.1. 1]pentane-i-carboxvlate
5061}@\//\1 f’—\,\' /‘/gf»flzg/\?_f\ N ~ O’ jz
J\,J\_/,' (’;\i — k;zv “IF/ j\;- S U’\I//\

[0898] To a solution of tert-butyl 4-{{1-(I-benzyloxycarbonyl-3-bicyclo[].1.1]pentanyl)}-4-
piperidylimethyl]pipenidine-1-carboxylate (560 mg, 1.16 mamol, 1.00 eq) m dichloromethane (10
ml} was added hydrochlonie 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 benzyl
3-{4-{d-prpenidyvimethyh-1-piperidyviibicyclof1.1. 1 jpentane-~1~carboxylate (480 mg, 1.1S mmol,
98 % yield, hydrochlonde salt} as a white solid, which was used in next step directly.

[0900] "H NMR: (400 MHz, DMSO-de}d: 11.78-12.03 (in, 1 H), 8.68-9.15 (m, 2 H), 7.28 - 7.49
(m, 5 H), 5.15(s, 2H), 3.32 (br d, F=12.0 Hz, 2 H), 3.21 (br d, J=12.0 Hz, 2 H), 2.79 (quin, J=12.0
Hz, 4 H), 2.29 - 2.37 (m, 6 H), 1.70 - 1.88 (m, 4 H), 1.54 - 1.68 (m, 2 H), 1.37 - 1.51 (m, 2 H),
1.21 - 1.36 (m, 2 H), 1.14 (br t. J=7.2 Hz, 2 H).

{0901} Chemical Formula: CoaHseChNOr, Molecular Weight: 455 46

o)
U
Rl
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{0902} Step 12: Preparation of benzyl 3-[4-[[1-{4-tertbutoxycarbonylphenyl)-4-piperidylimethyl]-
1-pipenidylibicyclo[1.1.1]pentane-1-carboxylate

\ /J Jﬁ‘"\ JL\/\

NH"

/ R b 4 :

LA TN 0N e {
\/‘\,—" ’\i") 5':»( :rl-s °:C 1Z<.ch K/l F’\N"é\\,},/ /\\'

{0903] To a solution of benzyl 3-[4-(4-piperidyvimethyl}-1-piperidyiibicyclofi .1 1]pentane-1-
carboxylate (100 mg, 0.24 mmol, 1.00 eg, hydrochlonide salt) in dioxane (8 ml) was added
methanesulfonato{2-dicyclohexyiphosphine-2 4, 6-tri-1-propyi-1, I -biphenvH i 2-methylamine-1, 1 -
biphenyl-2-yhipalladium{(I) (21 mg, 0.02 mmol, 0.10 eq) and tert-butyl 4-bromobenzoate (123 mg,

o

0.48 mmol, 2.00 eq), cesium carbonate (233 mg, 0.72 mmol, 3.00 eg). Then the mixture was
stirred for 10 h at 100 °C. LCMS showed that the reaction was completed. The mixture was
concentrated under reduced pressure to remove dioxane. The residue was diluted with ethyl
acetate {50 o) and washed with water (50 rol.). The organic laver was washed with brine {50
b}, dried over sodiurn sulfate and concentrated under reduced pressure to give the residue. The
residue was purtfied by column chromatography on silica gel {petroleurn ether: ethyl acetate =
0:0~-51~1:1) to give benzyl 3-[4-[[1-{4-terthbutoxycarbonylphenyl}-4-piperidyljmethyl]-1-
piperidylibicyelof 1.1 1 pentane-1-carboxylate (130 mg, 232.66 umol, 48 % vield) as a yellow
sohid.

[0904] LOMS: MS (ESD nvz: 483 3[M+1]™

10905} ‘H NMR: (400 MHz, DMSO-de}s: 7.81-7.93 (m, 2 H), 7.31-745 (m, SH), 686 (d, }=9.2
Hz, 2 H), 5.15 (s, 2 H), 3.85 (br d, J=12.8 Hz, 2 H), 2.86 - 2.99 {m, 2 H), 2.81 (td, J=12.4, 2.4 Hz,
2H), 1.95-2.20 (m, 8 H), 1.74 (brt, J=12.8 Hz, 4 H), 1.53 - 1.65 (m, 10 H), 1.31 - 1.46 {m, 1 H),
1.25-1.31 (m, 4 H), 1.17 - 1.24 (m, 2 FD).

{0906} Chemucal Formula: CaoHaaN2(Os, Molecular Weight: 482.65

{0987} Step 13: Preparation of 3-[4-[{1-(4-tert-Dutoxycarbonylphenyl)-4-piperidyljmethyl]-1

piperidylibicvelof 1.1 1]pentane-1-carboxylic acid

X7 o
pe s i
(-)w// TR
\‘\ PSC ‘7/ )
. Q WA
~ I "’i MeOR/THE, 1585, 12 8 \/\N“\ ~ /,f
[ e \ [ ] -
L A TS
- o N



ARVN-GOT7/001 WO 331216-2140

{09688} To a solution of benzyl 3-[4-[[1-(4-tert-butoxycarbonylphenyl}-4-piperidyljmethyi}-1-
piperidylibicvelo]1.1. 1 pentane-1-carboxylate (100 mg, ¢.18 mmol, 1.00 eq) n the mixed solvent
of methanol (15 mL) and tetrahydrofuran {5 mL) 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-butoxycarbonylphenyi)-4-
piperidyljmethyl]-1-pipertdyl}bicyclo{l.1 1}pentane-1-carboxylic acid (83 mg, crude) as a light
vellow solid.

{0909] LCMS: MS (BSD nvz 469 3[M+177.

{0910} Chemical Formula: CasHaoMNoO4, Molecular Weight: 408.63

{0911] Step 14: tert-butyl 4-[4-[{ 1-[1-[{(2,6-dioxo-3-piperidyDcarbamoyl]-3-

bicyclo[ 1.1 Upentanyi]-4-piperidylimethyl]-1-piperidyl}benzoate

Y N
N U
s A N
I.I:/ \_,J\/(C/ JN%(\(/O o

{0912 To  a  solution of  3-[4-[[1-(4-tert-butoxycarbonylphenyl)-4-piperidyljmethyi]-1-
piperidylibicyclof1.1 1]pentane-1-carboxyhe acid (83 mg, 017 mmol, 1.00 eq} and 3-
aminopipendine-2,6-dione (29 mg, 0.17 mmol, 1.00 eq, hydrochloride salt} in dimethyformamide
{5 ml} was added hydroxybenzotriazole (35 mg, 027 wmmol, 1.50 eq), 1-(3-
dimethylamunopropyl)-3-ethylcarbodiimide hydrochlonde {531 mg, 0.26 mmol, 1.50 eq) and
dusopropylethylamme (115 mg, 0.89 mmol, 5.00 eq}. The mixture was stirred at 25 °C for 3 b
LCMS mdicated that the reaction worked well. Then the mixture was stirred at 25 °C for further
2 h. To the mixture was added water {20 mL) and extracted with ethyl acetate (5 ml. x 3). The
combined organic lavers were concentrated under reduced pressure to get a residue. The residue
was purified through preparative thin laver chromatography {dichloromethane: methanol = 20:1)
to  give tert-butyld-{4-[[1-[1-[{2,6-dioxo-3-piperidylicarbamoyl]-3-bicycio{1.1 1}pentanyi]-4-
piperidylmethyl]-1-pipertdylibenzoate (63 mg, 0.11 mmol, 60% vyield, 98% purity) as a white
solid.

[0913] LOMS: MS (ESD m/z: 579.3[M+1]™
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{0914} Chenucal Formula: CisHasNaOs, Molecular Weight: 578.74

{6915} Step 15 Preparation of  4-[4-[[1-[1-[(2,6-dioxo-3-piperidylicarbamoyl]-3-
bicyclof1.1.1]pentanyl}-4-pipenidyljmethyl}-1-piperidylibenzoic acid

9

Ny
o i

—\ HO™ \/\
TEA/DCM
,\ e S
¢

)

\/ HNes,
\/\ NH \'/\/ .. "t

g
{0916} To a solution of tert-butyl 4-[4-[[1-[1-[{2,6-dioxo-3-piperidyilcarbamoyl]-3-
bicyclo[1.1. Upentanyi]-4-piperidylimethyl]-1-pipenidyl}benzoate (40 mg, 0.07 mumol, 1.00 eq)
dichloromethane {4 mL} was added trifluorcacetic acid {1.5 mL). The mixture was stired at 20
°C for 2 b. The reaction muxture was concentrated under reduced pressure to give 4-[4-[[1-[1-
[(2,0-dioxo-3-piperidyhcarbamoyil-3-bicyclo[1 1.1 ]pentanyi]-4-piperidyljmethyl]-1-
piperidyllbenzoic acid (43 mg, crude, trifluoroacetic salt) as a light vellow o1l, which was used for
next step directly.

[0917] LCMS: MS (ESI) m/z 523.2{M+1]™

{0918} Chenucal Formula: CooHssNaOs, Molecalar Weight: 522.64

{0919 Step  16.  Preparation  of  3-[4-[{1-{4-{{3-(d-cyano-3,S-dimethyl-phenoxy}-2,2,4,4~
tetramethyicyclobutylicarbamoyliphenyij-4-piperidytimethyti-1-pipenidyi-N-(2,6~diox0-3-

piperidyibicyelof 1.1 1 pentane-1-carboxamide, Compound 70

s \Ff\ﬁ/ou. ,I - N ‘/,,/A ,;J [—: i\'
g O A v 7 TR, N,
MO \(ﬁ N "l
: e .. o Ny Ay
i\, J/\"‘ ¥ df - EDCH, HOB, TEA, DMF ’\\’/I Ny :,g“i 2 e
~ e ATV,
L /L
{8928] To a solution of 4-14-f{1-[1-{{2,6-dioxo-3-piperidyijcarbamoyi]-3-

bicyclof1.1. 1ipentanyi}-4-piperidylimethyi]-1-pipendviibenzoic acid (43 mg, ¢.07 mmoi, 1.00eq,
irifluoroacetic salt) and 4-(3-aming-2,2, 4 4-tetramethyli-cyclobutoxy}-2,6-
dimethytbenzonitrile(33 mg, 0.11 mmol, 1.50 eq, hvdrochloride} in dimethylformamide (2 mlL)

was added dusopropylethylamine (44 mg, 0.33 mumol, 5.00 eq), hydroxybenzotriazole (14 mg,
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0.10 mmeoel, 1.50 eq), 1-{3-dimethylaminopropyl}-3-ethylcarbodiimide hydrochloride (19 mg, G.10

mmol, 1.50 eq).

was completed.

The mixture was filtered.

Then the mixture was stirred for 2 h at 30 °C.

LCMS showed that the reaction

The filtrate was purnified by preparative high

performance liquid chromatography {column: Phenomenex Synergt C18 150%25%10 um; mobile

phase: [water {0.225% FA}-ACN]; E

%: 30%

-51%, 7 min) to give 3

$-[4-{[1-}4-

[[3-{4-cyano-3,5-

dimethyl-phenoxy}-2,2,4 4-tetramethylcyclobutyl] carhamoyi}phenvﬂ -4-piperidyljmethyl]-1-

piperidyl]-

2,6-dioxo-3-piperidylibicyclo[ 1.1, 1]pentane-1-carboxanide(16.6 mg, 0.02 mmaol,
N-(2 -piperidylbicy p

30% yield, 96 % purity} as a white sohid.

10921} QC-LCMS: MS(ESH m/z: 777.3
{69221 TH NMR: (400 MHz, DMSO-de)d: 10.67 - 10.92 (m, 1 H), 8.01 (d, J
(d, I=8.8Hz ZH), 747 (d, }=9.2 Hz, 1 H), 6.95 (d,
459 {(m, 1 H), ¢
H), 2.39 -

248 (m, TH), 1

V1]

=8.4 Hz, 1 H), 7.73

1=9.0 Hz, 2 H), 6.66 - 6.78 (m, 2 H), 4.48 -
£23 (s, | H), 4.04 (4, 7=0.0 Hz, 1 H), 3.84 (br d, J=12.2 Hz, 2 H), 2.70 - 2.84 (m,
80 -2.04 (m, 10H), 1.61 - 1.76 (m, 4 H), 1

- 160 {(m, I H), 1.26 -

139(m, 1 H), 122(s5, 6 H), 110~ 118 (m, 10 H), L.0O0O - 110 (m, 2H).
10923} Chenucal Formula: CisHeolNeOs, Molecular Weight: 777.01

[0924]
[6925]

EXAMPLE 25

~ T NMR AND MASS SPECTROSCORY

The 'H NMR and rass spectroscopy data for the compounds of the disclosure is

provided below in Table 3.

{8936} TABLE 3. 'H NMR AND MASS SPECTROSCOPY DATA FOR THE COMPOUNDS OF THE
DISCLOSURE
Compound Exact Observed
No. Compound Name Mass mz | 'H NMR Data
! VT
o 'H NMR (400 MHz, DMSO-ds) & 10.84
;?r:éj:i(;;i:(g(;(iR,?SR)— (s, TH), 8.17 (s, 1H), 8.04 (1, J=7.2 Hz,
mé’tha;gyphem}xv)— 1H}, 7.74 (4, J=8.8 Hz, 2H), 7.60 - 7.68
2.2 44. v (rn? 211}, 7.49 {d, { 92 }\iz, 1H}, 6.96 (d,
tt;tréﬁlethvicyciobuwi\s }=9.2 Hz, 2H), 6.74 - 6.86 {m, 2H), 6.64
1 carbamowji)phenyHp.ip) 807.41 808.63 (d, J=2.0Hz, TH), 6.5 (dd, J=8.4, 2.0
g P 1961 Hz, 1H), 4.69 - 47; (m, 1H), 428 (5,
vhmethyDpiperazin-1- EH>’ 00 (‘d,i F5.2 j;{z? 1?)’ 391 (ST 3H),
)-N- (25" i.ﬁé {d, ibfz Hz, /Ei‘) 3{.31 »(s, 4}-1},
dioxopiperidin-3-yi}- “"'73 ;285 (m, 3H)’: }4 (d, J=4.0 HZ’,
S 1H), 2.49 (s, 4H), 2.21 (d, }=6.8 Hz, 2H),
2.06 - 2.16 (m, 1H), 1.98 - 2.05 (m, 111},

b
o
Lsd
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1.76 - 1.85 (m, 3H), 1.23 (s, 6H), 1.22 -
1.17 (m, 2H), 115 (s, 6H).

N-{{(1R 3R}-3-(4-
cyang-3,3-
dimethylphenoxy}-
224 4-
tetramethyloyclobutyt)

TH NMR (300 MHz, CDCL) § 8.13 (m,
1H), 8.00-7.97 (m, 1H), 7.87 (m, 15,
7.76-7.74 (m, 2H), 7.01-6.92 (m, 1H),
6.89-6.84 (m, 3H), 6.58 (m, 2H), 4.77-

. ~0-{4-{{4-{4-{(2,06-~ 789.43 | 790.7533 | 471 {m, 1H), 4.57-4 52 {m, 2H), 4.19-

- dioxopiperidin-3- 2616 333 416 {m, 1H), 405 {m, 1H}, 3.33-3.29
ylicarbamoyhphenyllp {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- 2.28-2.22 (m, 2H), 2.01-1.91 {(m, 2H),
yhipyridazine-3- 1.39-1.11 (m, 1SH).
carboxamide
E;}(éjiiR)~3~§3~ "H NMR (300 MHz, DMSO) 5 1081 (s,
. 1H), 8.46-8.43 (m, 1H), 8.25-8.22 (m,
‘;3“2“ 4‘5 0% 1H), 7.91-7.89 (m, 111}, 7.83 -7.81 (m,
;;t;a;mhylw clobutyl) 1H), 7.77-7.45 (m, 2H), 7.38-735 (m,
s 79536 TH), 7.25 (s, 1H), 7.05-6.97(m, 3H),

3 dicxop\ipé}idin—%— 22;@ 796.68 476-474 {m,iH), 4‘524.46 (m 3H},
UhearbamoylphensDp | 4.02-4.00 (m, 1H), 3.20 (m, 4H), 3.08-
oy pRe: 3.02 (m, 2H), 2.83-2.76 (m, 1H), 2.60
i?‘a‘?ﬁ;r etidind {m, 4H), 2.23-2.13 {m, 2H), 2.10-2.00
ylymethyljpipendin-1- (m, 1TH), 1.97-1.84 (m, 4H), 1.28-1.03
yhipyridazine-3- ; .

A {m, 15H).
carboxamide '

TH NMR (400 MHz, DMSO-ds) 8 10.86

o (s, 113, 8.68 (d, J=8.4 Hz, TH), 8.15 (s,
z"(f"(““(‘fl“(((‘ RIR)- 1H), 7.91 (d, J=8.8 Hz, 1H), 7.75 (d,
3-{3-¢chloro-4- h R )
cyanophenoxy)- ? 38 H{, ;Ei>, 7;’48 M(‘d, J=8 8 Hz, 1H), (
i 7.41 (s, 1H), 7.27 - 7.36 (m, 28D, 7.22 {d,
té’i‘r”e;r;\ethv!cycicbuwi‘) F=2.4 Hz, 1H), 710 - 715 (m, 1H), 7.02

4 carbamospherypip | 72337 | 704,69 (dd, J=8.8, 2.4, 1¥D), 6.97 (d, J=8.8 Hz,
e YIPRER 1845 | 2ED), 4.72 - 4.84 (m, 1H), 433 (s, 1),
TOmethy Dpiperazin.1- 406 (d, 9.2 Hz, 130), 3.87 (d, I=13.2
NG Fiz, 2FD), 3.16 - 3.28 {m, 6H), 2.75 - 2.8
Sioxopineridin - (m, 3H), 2.53 - 2,61 (m, 4H), 222 - 2.29
VDbonzamids (m, 2H), 2.07 - 2.20 {m, 1H), 193 - 2.03
yoe (m, 1H), 1.76 - 1.86 (m, 3H), 1.23 (s,

GH), 1.20 (s, 1H), 1.14 (s, 6H),
S-{A-((1-(4-(((IR 3R}~ T NMR (CD:OD, 300MHz) 5 8.42 (m,
3-(4-cyano-3,5- 2E),7.79 (s, 1HY, 7.73 (d, 2H), 7.0(d,
5 dimethylphenoxy)- 788.43 739 63 2H), 6.71 (s, 2H), 4.92-4.8%(m, 1H), 4.23
' 2,24 4- 7367 SO (s, 1H), 4.1 (m, TH), 3.91 (d, 2H), 3.38-

tetrarnethyleyclobutyl)
carbamoylphenybpip

3.35 (m, SH), 2.89-2.79 {m, 3H), 2.76-
2.74 (m, 1H), 2.69-2.64 {m, 4F), 247 (s,
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eridin-4-
yUmethyDpiperazin-1-
y-N-(2,6-
dioxopiperidin-3-
vinicotinarde

6H),2.33 (d, 21, 2.25-2.16 (m, 3H),
1.39-1.31(m, 3H), 1.28 (s, 6H), 1.21(s,
SH).

S-(A-((1-(A-( R 3RY-
3-{4-cyano-3,5-
dimethylphenoxy}-
22,44~
tetramethyleyclobutyl)

803.43

H NMR (400 MHz, Methanol-dy) & 8.20
(s, 3H), 7.75 (d, T = 8.7 Hz, 1H), 7.02(d,
T=89Hz 1H), 673 (s, 1H), 4.24 (s,

6 carbamoyljphenylipip | o | U633 en 3 o3 (6 1HY, 3.36 (s, 3H), 2.90 (d, 1
egdm“ﬁ“ﬁ o =12.4 Hz, 3H), 2.49 (s, 3H), 1.37-1.27
;ﬁ;ﬁé gfﬂperazm“ - (m, 6H), 1.22 (s, 3H)
dioxopiperidin-3-yli}-
2-fluorobenzamide

'H NMR (400 MHz, DMSO-de) § 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, J=8.8 He, 1H), 7.75 (¢,
cyanophenoxy)- §=8.8 Hz, 4H), 748 (d, J=9.2 Hz, 1H),
2,2,4,4- 7.21 (d, }=2.4 Hz, 1H), 7.02 - 6.95 (m,
tetramethyloyclobutyt) 793 37 SH)Y, 479 - 470 {m, 1H), 432 (5, 1H},

7 4-{4-{{4-{4-((2 6~ rgas | 79469 1 4.05(d, J=0.2 He, 1H), 3.86 (br d, J=12.4
dioxopiperdin-3- - Hz, 2H}, 3.29-327{m, 6H), 2.80 (brt,
yhicarbamovhphenylip J=12.0 Hz, 3H}), 2.57 - 2.52 {m, 4H}, 2.24
tperazin-1- (brs, 2H), 2.15 - 2.07 {m, 1H}, 1.99 -
yhmethylpiperidin-1- 192 {m, 1H), 1.84 - 1.76 {m, 3H), 1.22
yhibenzamide (s, 6H), 118 (brd, =4 8§ Hz, 1H), 1.13

(s, 6H}.

H NMR (400 MHz, Chloroform-d) 8
o 7.92 (s, 1H), 7.70 {d, ] = 8.8 Hz, 2H),
;ijiﬁlﬁfiﬁ RIR)- 7.64 - 7.55 (m, ZH}, 7.13 - 7.04 (m, 2H),
;‘,régfx.a>¥;1rlér1¢x5,)* 6.98 {d, ] = 2.4 Hz, 1H), 6.93 (d, ] = 8.8
T ah Hz, 2H), 6.83 {dd, ] = 8.7, 2.4 Hz, 1H),
s _ 6.12 {d, J=8.1 Hz, 1H), 4.80(dt, I =

A t‘fﬁ;ﬂ‘eﬁh}v{"?’fﬁiﬁiﬂf%’i) BII36 | oo o | 116,53 Hz IH)L417(d, J=81Hz,
zj: dl’g“j‘ Jphenylipip | 5404 - L), 4.06 (s, 1H), 3.87(d,J = 127 Hz,
Demethy Dpiperazin.1 - 2H), 3.22 (s, 3H), 2.86 (s, 3H), 2.85 -
NG 2.68 (m, 1H), 2.61 (s, 3H), 2.30 (s, 1H),
TOTNRLDT 201 {t, = 12.7, 6.0 Hz, 1H), 1.93 (d, J
dioxopiperidin-3-yl}- =144 Hz, 1H),1.26 (4, I =17.1 Hz
2-fluorobenzamide 14H), .92 — 0.83 {m, 1H), 0.13 — 0.04

(m, 1H), 0.09 (s, 14H).
N-{{1R,3R}-3-(3- o b ome e o | TH NMR (400 MHz, DMSO-ds) § 10.87

9 chloro-4- 23(;0 zégﬂ% (s, 1H), 8.74 (d, I=8.4 Hz, 1H), 8.57 -

cyanophenoxy)- T 8.64 (m, 1H), 827 - 839 {m, ZH), 7.91
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2,24 4~
tetramethyleyclobutyl)
“5-{4-({{{1R,3R)}-3-(3-
{({2.6~-dioxopipenidin-
3-
yhcarbamoyiiphenoxy
Yeyelobuty}(isopropyl
Yamino ymethypiperid
wn-1-yDpyrazme-2-
carboxamide

(d, J=8.8 Hz, 1H), 7.81 (d, }=9.2 Hz,
1H, 7.44 (br d, J=7.6 Hz, 1H), 7.29 -
7.42 (m, 2H), 7.25 (d, J=2.4 Hz, 1H),
695 - 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, 1H), 2.7
-3.02 (m, SH), 2.34 - 2.41 {m, 2H), 2.2
(br d, }=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, 1H), 1.19 (s,
SH), 1.13 (s, 6H), 0.99 - 1.11 (m, 2H),
0.93 (br d, }=6.4 Hz, 6 H).

5

A-{A-((1-{4-((1R3R)-
3~{4~cvano-3,5-
dimethylphenoxy)-
2.2.4.4-

tetrarnethyleyclobutyl)

'H NMR (400 MHz, Chloroform-d) &
§77(d. J=70¥Hz 1H),827(d, J=59
Hz, 1H), 7.99 (s, 1H), 7.70 (4, I = 8.9 Hz,
2H), 7.63 (4, T =27 Hz, 1H), 6.94(d, I =
88Hz 2H), 6.77(dd, ] =6.0,2.7Hz,
1H), 6.60 (5, 2H), 6.13 (d, = 8.1 Hz,

L NG L3 X: X TH), 4.80 (dt, I=12.5, 6.1 He, 1H), 415

" ;j;;ifiﬁfy’})phenvyl)plp 7367 8975 {d, J=81Hz iH), 404 (s, 1H)}, 3.87(d,
‘y;} yethy ypiperazin-1- =126 H?ZH} 2.92 - 274 {m, 4H),
o -Nn(i ‘. T 2.65 -2.56{m, TH), 2.50 (s, 6H), 2.34 (5,
Ziii\%@ N ’eridm—’i— PH), 205 =199 (m, TH), 1.95 (s, 2H),
N 4 f.’ e 182 (s, 1H), 1.25(d, T= 141 Hz, 12H),
ylpicotimanide 085 (s, TH), 0.13 — 0.04 {m, 1F), 0.09 (5,

12H3.

N-{{(1R 3R)-3-(4- 'H NMR (400 MHz, Methanol-dy) 5 8.74
cyano-3,5- (s, 2H), 748 - 741 (m, 1H), 739 (t, J=
dimethylphenoxy}- 78Hz 1H), 732(, J=2.0Hz 1H),
2244~ 708 =7.00 (m, 1H), 6.73 (s, 2H), 4.77 {1,
tetramethyleyclobutyl) F=64Hz 1H), 423 (s, 1H), 413 (s,
2-{4-({{{(1R,3R)-3-(3- 937 46 1H), 3.76 (5, 1H), 298 (1, 1 = 12.4 Hz,

11 {((2.6~-dioxopiperidin- N <§“* 833.79 2H), 289 -279(m, 1H), 273 (di, } =
3- U 17.6,3.7 Hz, 1H), 2.49 (s, 6H}, 2.35 {5,
ylicarbamoyphenoxy 1H), 2.28 (5, 3H), 2.27 - 2.21 {m, 1H)},
Yeyelobutyl{(isopropyl 221 (4, J=75Hz 1H), 19, J=126
JamunoethyDpiperid Hz, 2H), 177 (s, 1H), 1.29 (s, 6H}), 1.22
w-1~-ylhpyrirodine-S- (s, 0B, 111 (d, J=121 Hz 2H), 1.03
carboxamude (d, J =66 Hz, 6H)}.
N-{{(1R 3R}-3-(4- 'H NMR (400 MHz Methanol-ds} &
cyang-3,5- 8.75 (s, 2H}, 7.89 ~ 7.82 (m, 2H}, 6.91
dimethylphenoxy}- 837 46 (d, § =89 Hz 2H)}, 673 (5, ZH}, 492 (5,

12 2,24 4- 35%2 833.79 1H), 488 (s, 2H), 478 (4, J = 6.4 Hz,

tetramethyloyclobutyt)
(AR 3R)3-(4-
({2, 6-dioxopiperidin-

1H), 4.23 (s, 1H), 4.13 (s, 1H), 3.76 (¢,
=81 Hz, 1H), 3.04 (s, 1), 2.9% (¢, J =
12.6 Hz, 2H), 2.83 (dt, J=11.8, 6.5 Hz,
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ad

yhcarbamoyliphenoxy
Yeyelobutyl{(isopropyl
Yamunoymethyhpiperid
n-1-yhpyrimidine-5-

1H), 2.77 = 2.67 (m, 1H), 2.49 (s, 6H),
2.35(d, I=67Hz, 7H), 2.22(ddd, ] =
16.9,14.2, 8.4 Hz, SH), 1.96(d, 1= 13.0
Hz, 2H), 1.77 (s, 1H), 1.40 (s, OH), 1.29
(s, 5H), 1.22 (s, 6H), 1.16 — 1.07 (m, 2H),

carboxarmide 103(d, J=606Hz 6H),012¢d,J=25
He, 1H).

N-A{IR, IR)-3-(4- "H NMR (400 MHz, Methanol-d4) 5 8.68

cyano-3,5-

dimethylphenoxy}-
22,44~
tetramethyleyclobutyl)
5-(4-(((1R 3R)-3-(4-

8§32.46

(d, F=13 Hz, 1H), 825(d, 1= 1.4 Hz,
1H), 7.86 (d, 1 =8.7 Hz, 2H), 6.92(d, § =
8.7 Hz, 2H), 6.74 (s, 2H), 4.79 (s, 1H),
4.61 (d, §=12.2 Hz, 2H), 4.27 (s, 1H),
4.06 (s, 1H), 3.04 (1, I = 12.6 Hz, 2H),

e g T e

. g(“*(’ dioxopiperidini- | y5ey | 83379 5 63 (dd, 7= 11.6, 6.8 Hz, 1H), 277 -

_r_ oy et 2.68 {m, 1H), 2.49 (s, 6H), 2.33 (5, TH),
’;”‘}i“‘?ﬁ; ?ﬁ’i‘ﬁg"ﬁ 2.27 - 2,16 (10, 2H), 2.08 — 1.96 {m, 3H),
}:;fmo‘jnﬂi 2; pi iJi q 1.82 (s, 2FD), 1.29 (s, 7H), 1.24 (s, SH),
Janunojmetiy}pipe 1.22 (s, 6H), 1.06 (s, SH), 0.92 (s, 1H),
n-1-ylpyrazime-2- BRS¢
carboxamide 0.12 (s, 1H)

TH NMR {400 MHz, DMSO-d6)0; 10.84
4-{4-((1-(4-({{1R,3R)- (s, 1HD), 8.05 (t, 3=7.2 He, 1H), 7.75 (4,
3-{4-cyano-3- J=8.8 Hz, 2H), 7.69 - 7.60 (m, 2H), 7.51
methoxyphenoxy)- {(d, =92 Hz, 1H}, 6.96 {d, J=8.8 Hz,
2.2.4.4- 2H), 6.87 - 6.74 (m, 2H), 6.65 (d, J=2.0
tetramethyleyclobutyl) 507 41 Hz, 1H), 6.55(d, J=8.8, 2.0 Hz, 1H},

14 carbamoyljphenyhpip | " 808.54 483 -4 65{m, 1H}, 429 (s, 1H), 406
eridin-4- - (d, J=9.2 Hz, 1H}, 3.95-3.79 (m, SH},
yhmethyhpiperazin-1- 332-3 24 {m, 4H), 2.87 - 2.72 (m, 3H},
YD-N-((R})-2,6- 2.56 - 2.53 (m, 2H), 2.49 - 2.46 {m, 3H),
dioxopiperidin-3-ylj- 225-217(m, 2H), 217 - 2.08 {m, 1H),
2-fluorobenzamide 206-2.00(m, 1H), 1.81{(d, I=12.0Hz,

3H), 1.27 - 1.10 (m, 145

N-{{1R 3R)-3-{4- 'H NMR (400 MHz, Methanol-ds} § 8.67

cyano-3,3- (d, I=14Hz 1H), 824 (4, J= 13 Hz,

dimethylphenoxy)- TH), 745(d, =76 Hz, 1H), 739, I =

2,24 4- 7.9 He, 1H), 7.32 (s, 1H), 7.04 (d, I = 8.3

tetramethyloyclobutyt) Hz, 1H}, 6.74 (s, 2ZH), 477 (3, 1H}, 4,60

S-A(R3RF3-(- | g0y 4 (d, §=13.3 Hz, 2H), 427 (s, 1H), 4.06
15 ((2.6-dioxopiperidin- | Joo0" 183379 | (s, 1H), 377 (s, 1H), 3.03 (LI =125 Ha,

_j =
yhicarbamovphenoxy
Jeyclobutyl}(isopropyl
Jaminojmethyl}pipertd
in-1-yl}pvrazine-2-
carboxamide

3H), 2.84 (dd, J = 17.3, 7.4 Hz, 1H), 2.78
~2.69 (m, 1H), 2.49 (s, 6H), 2.36 (s, 2H),
223 (tt, § = 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 (s, 2H), 1.03 (4. J
=65 Hz, 6H), 0.92 (s, OH), 0.12 (s, 1H),

b
o
~3
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N-{I1R,3R)-3-(3-
chloro-4-
cyanophenoxy)-
2.2.4.4-
tetramethyleyelobutyl)
S-(A-(({{ 1R 3R}-3-(4-

'H NMR (400 Mz, Methanol-dy) 6 8.67
(d,J=13Hz 1H),824(d, ] =13 Hz,
1H), 7.89 — 7.81 (m, 2FD), 7.75(d, J=8.3
Hz, 1H), 7.17 (4, J = 2.4 Hz, 1H), 7.0}
(dd, J=88,2.5Hz, 1H), 6.91 (d, T =88
Hz, 2H), 4.77 (s, 1), 4.60(d, ] = 13.4
Hz, 2H), 4.33 (s, 1H), 4.09 (s, 11}, 3.76

_ PR S 838.39 e (1, J=8.1 Hz, 1H), 3.03 (1, J = 124 Hz,
fo gf“ﬁ"dJOXOP‘per“hn" 3300 | 83972 2}3,2.85(ddd7J::18.5F11.7,6f71{z,
NN TH, 2.77 - 2.68 {m, TH}, 2.45 {s, 2H),
ﬁﬁi&ﬁﬁﬁiﬁiﬁﬁ 235(d, J=7.1 Hz, 2H), 232 - 2.15 (m,
h;@méﬁﬁémgd 4H), 2.00 (d, I = 13.0 Hz, 2H), 1.78 (s,
iri»l»y}‘}pvréz“irle;iZ— 2HG, 130 (s, 7H, 1.23 (s, 6H), 1.16 {dd,
carboranide F=122 86Hz 2H), 1.03 (d, I=6.6 Hz,
' 6H3Y, 0.91 (s, 1H}, G111 {d, I = 4.4 Hz,
OH),
"H NMR (400 MHz, DMSO-ds) 8 10.85
N-({IR,3R)-3-(3- (s, 1H), 825(d, J=2.2 H=, 1H), 8165,
chloro-4- IH), 8.05 (1, 3=7.2 Hz, 1H), 791 {4,
cyanophenoxy - J=8.8 Hz, 1H), 7.82 (4, J=0.6 Hz, 1H),
2,24 4~ 7.64 (t, =88 Hz, 1H), 737 (d, }=9.6 Hz,
tetramethyleyclobutyl) 1H)y, 7.26 (d, J=2.4 Hz, 1H), 7.04 (dd,
~6-{4-{{4-(4-({2,6~ G131 35 J=8.38, 2.4 Hz, 1H), 6.75 - 6.87 (m, 2H),
i7 dioxopiperidin-3~ 29;);; T 814.67 469 -4.79 {(m, 1H), 445 - 455 {m, 3H),
yhcarbamoyi}-3- o 401 (d, =92 Hz, 1H), 3.34 - 3.49 (m,
fluorophenylipiperazin 4H3, 3.05(t, J=11 6 Hz, 2H),2.72 - 2.84
-}~ {m, 1H), 2.51 - 2.56 (m, 4H), 2.21 (4,
yhmethyDpipenidin-1- F=0.8 He, 2H), 2.07 - 2.16 (m, 1H}, 1.98
yhpyridazine-3- =205 (m, TH), 1.94 (s, 1H), 1 85 (4,
carboxarmide F=13.2 He, 2H), 1.23 (s, 6H), 115 (s,
SH,
N-{{(1R 3R)-3-(3- 'H NMR {400 MHz, DMSO-ds) & 10.85
chioro-4- (s, 1H}, 8.61 (s, 1H}, 834 (s, 1H}, .14
cyanophenoxy - (s, 1H), 8.06 (1, J=7.2 Hz, 1H), 7.91 (4,
2244~ J=8.8 Hz, 1H), 7.81 (d, J=9.2 Hz, 1H),
tetramethyleyclobutyl) 7.04(t, J=9.2Hz, 1H), 7.25(d, J=2.4 Hz,
-5-{4-{({4-(4-({2,6~ G131 35 IH), 7.03 (dd, J=8.8, 24 Hz, 1H), 672 -
18 dioxopiperidin-3- 29:7;; T i B14.67 6.87 {m, 2H), 4.67 - 4.79 (m, 1H), 4.40 -
yhcarbamoyi}-3- o 4.54 (m, 3H), 3.96(d, JI=8.8 Hz, 1H),
fluorophenylipiperazin 3.27-332{m, 4H), 3.02 (t, J=11.6 Hz,
-1~ 2H3, 271 - 2.85 (m, 1H), 2.51 - 2.58 (m,
yhmethyDpipenidin-1- 4Hjy, 2.22(d, J=6.0 Hz, 2H), 208 - 2. 16
ylpyrazine-2- {m, 1H), 1.89 -2.06 {m, 2H), 1.84 (d,
carboxamide J=12 8 Hz, 2H), 1.05 - 1.25 {m, 15H).
19 4-{4-{(1-{4-({{1R,3R}- | 81130 172 6% 'H NMR {400 MHz, DMSO-ds} & 10.84
3-(3-chloro-4- 2424 - (s, 1H), 821 (s, 1H), 8 04 (¢, J=7.2 Hz,
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cyanophenoxy -
2.2,4.4-
tetramethyleyclobutyl)
carbamoyl}phenylipip
eridin-4-
yhmethylipiperazin-1-
yI}-N-(2,6~
droxopiperidin-3-yi}-
2-tluorohenzamide

1H), 7.91 (d, J=8.§ Hz, 1H), 7.74 (4,
J=8.8 Hz, 2H), 7.64 (1, 1=9.2 Hz, 1H),
748 (d, =92 Hz, 1), 7.21(d, }=2.4 Hz,
1H), 6.93 - 7.05 (o, 3H), 6.75 - 6.86 (m,
2H), 4.69 - 4.78 (m, 1H), 4.33 (s, 1H),
4.06 (d, }=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, }=4.0 Hz, 1H), 2.52 -
2.57 (m, 1H), 2.49 (s, 2H), 2.45 - 2.50
{m, 1H), 2.21 (d, =6.8 Hz, 2H), 2.07 -
2.16 (m, 1H), 1.98 - 2.06 (m, 1}, 1.75 -
1.85 (m, 31, 1.22 (s, 8H), 1.12- 1.15
{m, 1H). 1.13 (s, SH),

A-{A-((1-{4-((1R3R)-
3~{4~cvano-3,5-
dimethylphenoxy)-
2.2.4.4-

tetrarnethyleyclobutyl)

TH NMR {400 MHz, DMSO-de)} 6 10.85
(s, TH), 8.27 (s, 1H), 8.06 (t, J=7.2 Hz,
1H), 7.74 (d, J=8.8 Hz, 2H), 7.64 {1,
J=9.2 Hz, 1H), 7.48 (d, J=9.6 Hz, 1H),
6.96 (d, }=8 8 Hz, 7H), 6.76 - 6.86 (m,

- e 80543 | . - 2H3, 6.72-6.75 {(m, 2H}), 4.69 - 4.79 (m,

* ;j;;ifiﬁy})phenyi}plp 2696 80674 1Hy, 4.23 (s, 1H), 4.04 (d, I=9.6 Hz, 1H),
‘y;})methvi)pipera?im] i 385 {(d, =128 Hz, 2H), 3.37 - "3.1-‘36 {m,
o -Nn(i ‘. B 4H3, 2.74 - 2.83 (m, 3H), 2.44 (s, 8H),
Ziii)\%@ N ’eridin—’i— ) 1.96-2.25(m, 5H), 1.81 {d, }=11.6 Hz,
ot P % e '.d{ 3H), 1.22 (s, 6H), 1.16 (s, 2H), 1.12 (s,
2-fluorcbenzamide 61, 1.04 (s, 2H)

TH NMR {400 MHz, DMSQ-46)5: 10.84
4-(4-({(1-{4-({(1R,3R)- (s, 1H), 8.05(t, J=72 Hz, 1H), 7.75 {4,
3-{4-cyano-3- J=8.8 Hz, 2H), 7.69 - 7.60 {m, ZH), 7.51
methoxyphenoxy)- (d, J=9.2 Hz, 1H}, 6.96(d, =88 Hz,
2.2.44- 2H), 6.87 - 6.74 (m, 2H), 6.65 (4, I=2.0
tetramethyleyclobutyl) 507 41 Hz, 1H), 6.55(d, J=8.8, 2.0 Hz, 1H},

21 carbamoyljphenyhpip |, 808.45 483 -4 65{m, 1H}, 429 (s, 1H), 406
eridin-4- - (d, J=9.2 Hz, 1H}, 3.95-3.79 (m, SH},
yhmethyhpiperazin-1- 332-3 24 {m, 4H), 2.87 - 2.72 (m, 3H},
y-N-{({5}-2,6- 2.56-2.53 (m, 2H), 2.49 - 2,46 (m, 3H),
dioxopiperidin-3-yl}- 225-2.17{m, 2H), 217 -2.08 (m, 1H),
2-fluorobenzamide 206-200(m, 1H), 1.81{d, I=12.0Hz,

3HY, 1.27 - 110 (m, 14H)
N-{{(1R 4R}-4-(3- H NMR {(400MHz, DMSO-ds) § 10.85
chloro-4- (s, 1H), 8.73 (d, J=8.4 Hz, 1H), 8.59(d,
cyanophenoxyjoycloh =84 Hz, 1H), 832 (d, J=2.8 Hz, 1H),

99 exyl}-6-{4-{{4-(6- 76832 769 52 816 (s, 1H}, 786 (dd, }=2.8, 8.8 Hz,
((2,6-dioxopiperidin- | 63 ” 2H}, 7.80 (4, J=9.6 Hz, 1H), 7.42 {dd,

3-
yhicarbamovpynidin-
3-yhipiperazin-1-

J=2.8, 8.8 Hz, 1H), 7.39 (d, }=2.4 Hz,
1H), 7.33 (d, J=9.6 Hz, 1H), 7.13 (dd,
J=2.4, 8.8 Hz, 1H), 4.80 - 4.69 (m, 11},

b
N
Nl
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yhmethyDpipenidin-1-
yhpyridazine-3-
carboxamide

458 - 4.44 {m, 3H), 3.91 - 3.79 {m, 1H),
302 {t, J=11.6 Hz, 2H), 2.86 - 2.73 (m,
1H), 2.52 (d, J=1.6 Hz, 9H), 2.26 - 2.15
(m, 3H), 2.10 (d, }=10.0 Hz, 2H), 2.05 -
1.97 (m, 1H), 1.96 - 1.85 (m, 4F), 1.52
(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-
chloro-4-
cyanophenoxyjeycloh
exyl}-6-{4-({4-(4~
{((2.6~-dioxopiperidin-

767.33

TH NMR {400MHz, DMSO-ds) 5 10.83
(s, 1H), 8.59(d, J=7.6 Hz, 1H), 8.47 (d,
J=7.6 Hz, 1H), 8.20 (s, 1), 7.85 {(d,
J=8.8 Hz, 1H), 7.77 (dd, J=8.8, 18.4 Hz,
3H), 7.39 (5, 1H), 7.33 (d, J=9.6 Hz, 1H),
713 (d, =84 Hz, 1H), 6.97 (d, J=8.4 Hz,

23 3- ' 768.52 | 2H), 4.74 (s, 1H), 4.59 - 4.43 (m, 4H),
ylicarbamoyhphenyllp 385(s, 1H}, 328 -324(m, 2H), 3.02 (¢,
tperazin-- J=12.0Hz, 2H), 2.85 ~ 2.73 (vo, 3H), 2.20
yhmethyDpipenidin-1- (d, J=7.6 Hz, 3H), 2.10(d, =02 He,
yhpyridazine-3- 44y, 2.02 - 1.77 {ro, 6H}, 1.71 -~ 1.58 {(m,
carboxamide IH, 151 {d, =128 Hz, 3H), 1L.12(d,

J=11.6 He, 2H).
i‘g;éjﬁﬁm“/‘"@" "H NMR (400MHz, DMSO-de) 6 10.84
eyanophenoxy Jeyclob (s, 1H), 8.84 (d, J=8.4 Hz, 1H), 8.58 (s,
YAnopRenoxy jeyelo 1H), 8.29 - 8.21 {m, 2H), 8.17 (s, 1H),
exyipS-(A-(((1R3R)- 8.07 - 7.95 (m, 2H), 7.85 (d, J=8.8 Hz,
;igi’o”l‘”gl dina TH), 7.41 - 7.32 (m, 2H), 7.11 (dd, J=2.4,

24 yl)carzailovvi)p;ridin— 81133 812.49 8.8 Hz, 1H)f 4.90 - 4"38@’ ZH},’ 4.39 -
3 SR 73 ' 4.37 (m, 3H), 3.90 - 3.58 (m, 2H), 3.02 -
shioxyjeyelobutyl)iso 12 Ha 2Dy 744 271 (e 30D,
propyljaminojmethyl) 230 - 1.95 (m, 9H), 1.92 - 1.79 (m, 4H),
p;m}dﬂ%i' 5 1.73 - 1.42 (m, SH), 1.05 (g, J=10.8 Hz,
ylpyrazine-2- 2H), 0.92 (d, }=6.4 Hz, 6H).
carboxamtde '

N-({ 1R 4R)-4-{3-
chloro-d- 'H NMR (400MHz, DMSO-ds) 8 10.83 (
cyanophenoxy)eycloh 5, 1H), 858 (s, 1H), 825 -824(d, I =4
exy ! -5-(4-(({{1R3R)- Hz 2H), 8.19 (s, 1H),7.86 ~ 7.84(d, J = &
3-(4-((2,6- Hz 1H), 7.66 (s, 1H) 7.36 (s, 1H), 7.13
25 dioxopiperidin-3- B28.35 | ogyg |~ 710(d I =12 Hz2H) 746 - 474 (d,J
- yhicarbamoyi}-3- 26 o =8 Hz 2H}), 4.52-4 47 {m, 3H), 3.81 (s,

fhuorophenoxy icyclob
otyi}{isopropyilamino)
methylipiperidin-1-
ylipyrazine-2-
carboxamide

1H), 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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N-({1R,4R)-4-(3-
chloro-4-
cyanophenoxy Jeycloh
exyl}-0-{4-({4-{4~
{{2,6-dioxopipertdin-

TH NMR (400MHz, DMSO-ds) 5 10.85
(s, 1H), 8.61 (d, J=8 2 Hz, 1H), 8.05 (1,
J=7.2 Hz, 1H), 7.86 (d, }=8.8 Hz, 1H),
7.80 (d, =96 Hz, 1H), 7.63 (t, }=9.2 Hz,
1H, 7.39 (d, J=2.4 He, 1H), 7.33 (4,
F=9.6 Hz, 1H), 7.14 (dd, J=2.0, 8.8 Hz,
1H), 6.87 - 6.73 (m, 2H), 4.77 - 4.68 (m,

26 3-yhcarbamoyl}-3- ;72}'34 786.58 1H), 4.58 - 4.44 (m, 3H}, 3.86 (¢, J=R8
fluorophenyljpiperazin He, 1H}, 3.30 (s, TH), 3.02 {t, J=12.0 Hz,
-}~ 2H, 2.83 - 272 (my, 1H}, 2.47 - 245 (m,
yhmethyDpipenidin-1- 2HG, 247 - 240 (m, 1H}, 2.20(d, I=7.2
yhpyridazine-3- He, 2H}, 210 (d, I=4.8 Hz, 3H), 2.00 (d,
carboxarmide F=104 He, TH), 1.94 - 1.79 (m, SH), 1.70
- 158 (m, 2H), 1.57 - 1.44 {m, 2H), 1.20
- 1.06 {m, 2H).
"H NMR {(400MHz, DMSO-ds) § 10.82
i AN A f {s, 1H), 862- 854 (m, ZH), 823 (4,
oo 788 Hz, 2H), 8.04 (d, =8.0 Hz, 1H),
cyanophenoxy)cycioh 789 i 77/; (m, 3H), 7.36 (d, 1=2.4 Hz,
exyi}~5-(4-({({irv3ﬂ~3~ PHy, 712 (dd,‘ ]:\2.4-;8.8 Hz, 1H), 6.88
(4_((’2 6 Y / (d, J=8.8 Hz, 2H}, 4.79 - 4.68 (m, ZH)},
27 dioxapiperidin-3- BI036 | gyy g7 [449(d J=I24 Hz, 3H), 388 - 377 (m,
vhcarbamoyphenoxy 2 iH) 369 i ;fz (o, EH) 32}. i E%é (.
JeyclobutyD{isopropy] ;gé :22 (g ’ ;;;(;ng g?;};”l 2 5?(%1<m?
Jaminoymethypipend AP A
i1y Dpyrazine-2- Jé‘i}{/ 2H3,221-2.03 (in, 6}{}’, }.96
carbosanide {(dd, J=4.0, 88 Hz, 1H), 1.92-1.82 (m,
' 4H3, 1.76 - 1.41 (m, SH}, 1.13 - 0.98 (m,
2, 0.92 {d, J=6.4 He, 6H).
'H NMR {400 MHz, DMSO-ds) & 10.83
N-{{(1R 4R)-4-(3- {brs, 1H), 9.08 {d, J=R4 Hz, 1H), 8.56
chlorg-4- (d, J=84 Hz 1H), 830 (s, 1H), 7.86(dd,
cyanophenoxyjeycloh J=0.6,4.0 Hz, ZH), 780 (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- 76930 24Hz 1H), 471 -48%(m, 1H), 445 -
28 3- 'i’;/” 770.63 459 (m,3H), 3.80-392 (m, 1H), 3.69-
yhcarbamoylipyridazi | 7 376 {(m, 4H), 3.44 - 358 {m, 4H), 2.97 -
n-3-yhpiperazin-1- 310 {(m, 2H), 2.73 - 286 {m, 1H), 2.53 -
yhmethyDpipenidin-1- 258 {m, 1H), 2.18 - 2.25(m, 3H), 2.11
yhpyridazine-3- (d, =96 Hz, ZH), 1.97 - 2.04 (u, 1H),
carboxamude 183 -1.96{m, SH), 1.58 - 1.69 (m, 2H),
146 -1.58 {m, 2ZH), 1.07 - 1.21 (m, 2H).
N-{{(1R 4R}-4-(3- 'H NMR (400 MHz, DMSO-ds) 8 10.86
99 chiorg-4- 767.33 763 64 (s, 1H), 8.52 - 875 (m, 2H}, 8.19 (s, 1H]},
cyanophenoxy)eycloh | 1 ' 777 - 788 (m, 2H}, 738(d, =24 Hz, 2

exyl}-e-(4-((4-(3-

H), 7.24 - 7.36 (m, 3H), 7.08 - 7.15 (m,
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{({2.6~-dioxopipenidin-
3-
yhecarbamoylphenylp
iperazin-1-
yhmethyDpipenidin-1-
yhpyridazine-3-

2H), 4.71 - 4.84 (rn, 1H), 4.43 - 4.60 (m,
3H), 3.85 (d, 7=8.0 Hz, 1H), 3.44 - 3.63
(m, 4H), 3.19 (s, 4H), 3.02 (1, J=10.4 Hz,
2H), 2.73 - 2.87 (m, 1H), 2.55 (d, J=4.0
Hz, 1), 2.21 (4, J=7.2 Hz, 2H), 2.05 -
2.7 (m, 3H), 1.76 - 2.04 (m, 6H), 1.44 -

carboxamide 170 (m, 4Hy, 1.03 - 121 (m, 2H).
'H NMR {400 MHz, DMSO-d:) § 10.84
(brs, 1), 8.61 (brs, 11}, 8.56 (dd,
N-((1R,4R)-4-(3- 5=16.0, 8.0 Hz, 2H), 7.96 (d, 1=7.6 Hz,
chioro-4- 1H), 7.85 (d, J=8.8 Hz, 1H), 7.80 (d,

cyanophenoxyjeycloh
exyl-6-{(4-((4-(5-
((2,6-dioxopiperidin-

J=8.8 Hz, 1H), 7.38 {5, 1), 7.33 (4,
J=9.6 Hz, 1H), 7.13 (d, J=7.2 Hz, 1H),
6.87 (d, }=8.8 Hz, 1H), 4.74 (brs, 1H),

30 3- 228‘32 769.64 448(d, J=124Hz 3 H), 3.85 (brs,
yhecarbamovipyridin- | IH), 3.61 (5, 4H), 3.02 (1, I =124 Hz,
2-yhipiperazin-1- 2H), 279 (br t, J=12.4 Hz, 1H), 2.58 -
yhmethyDpipenidin-1- 2.53 (m, 1H), 2.44 (5, 4H), 2.19 (br d,
yhpyridazine-3- J=4 8 Hz, 2H), 2.10 (br d, J=8.8 Hz, 3H},
carboxamude 2.00-1.78 {(m, 6H), 1.69 - 1.59 {(m, 2H),

PS5 {(brd, J=11.2 He, 2H), 113 {(br d,

J=11.2 He, 2H).
N-{{1R,4R}-4-{3- H NMR (400 MHz, DMSO-ds} & 10.86
chiorg-4- (s, 1H), 8.56 (d, J=8.0 Hz, 1H), 8.21 (5,
cyanophenoxyjoycloh 1H}, 7.76 - 7.88 {m, 2H}, 7.38 (d, J=2.4
exyl}-6-{4-({4-(4~ Hz, 1H), 7.32(d, J=0.6 Hz, 1H), 7.20 (3,
{((2.6~-dioxopiperidin- J=8.4Hz 1H)} 7.10-7.16 {1, 1H), 6.72
3- 799 33 - 6.85 (m, ZH}, 490 - 523 (m, 1H), 4 44

31 yl{methylicarbamoyl) 7% T 1 800.66 -4.58 (m, 3H}, 378 -3.95 (m, 1H), 324
-3- ’ (s, 4H), 3.02 (1, J=12.0 Hz, 2H), 2.79 (s,
tluorophenylypiperazin 4H), 2.28 - 273 {m, 1H}, 2.42 - 2.49 {m,
-1- 4H), 2.34 - 2.41 {m, TH), 2.04 - 2.25 {m,
yhmethylpiperidin-1- 4H}, 1.87 - 1.96 (m, 4H), 1.83 (d, J=13.6
yhipyridazine-3- Hz, 2H), 1.58 - 1.70 (m, 2H}, 1 45 - 1.57
carboxamide {m, 2H), 1.08 -1 18 {m, 2H).
E;}(éjiﬁR}fii& "H NMR (400 MHz, DMSO-ds) § 10.72
oyanophenoxy)eyeloh (s, TH), 857 (d, =8 4 Hz, 1H}, 8.30 (s,
exy)-6-(d-( ( 4‘_*( A ‘}H}, 776 -7.89 (m, 25:{),7’738 fid, =24
© 6-dioxopiperidin- Hz, M-{}, ’7‘33 {d, =06 Hz, 1H}), 7.25» {d,

3 3 ’ o 795.36 796 63 J=8.4 He, 2H}7 7.13 {dd, J=8.8,2.20 Hz,

- 23 T 1H}, 6.95{d, I=8.4 Hz, ZH), 441 -4.5¢6

yhi{ethyiicarbamoylp
henylypiperazin-1-
yhmethypiperidin-1-
yhipyridazine-3-
carboxamide

{m, 3H), 4.28 (s, 11, 3.86 (d, §=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, 2H), 1.77 -
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2.00 (m, 6H), 1.44 - 1.66 (m, 4H), 1.13
(t, 6.8 He, 5H).

33

N-[{38}-2,6~
dioxopiperidin-3-yi}-
5-(4- [ 1-(4-{[ (15, 30)-
3-{4-cyano-3,5-
dimethylphenoxy}-
2244~
tetramethyleyclobutyl]
carbamoyl} phenypip
eridin-4-

ylimethyl} piperazin-
I-yhpyrazine-2-
carboxamide

789.43

79086

N-{{11,31r}-3~{4-cyano-
3-methoxyphenoxy)-
2,2,4,4-
tetramethylcyclobutyl]
~4-{4-[{1r 31}-3-(4-
{138)-26-
dioxopiperidin-3-
ylicarbamovi}-3-
methoxyphenoxy)eycl
obutyl]-1-oxa-4,9-
diazaspiro{5 5undeca
n-9-ylibenzamide

862.42

863.80

(]
LA

N-[{38)-2,6-
dioxopiperidin-3-yi}-
2-methoxy-4-[{ 11,31}
3-[9-(4-{[{11,37)-3-(4-
cyano-3,5-
dimethylphenoxy}-
2.2.4.4-
tetramethyleyclobutyti
carbamoyl} phenyl}-1-
oxa-4,9~
diazaspirolS.Shindeca
n-4-
ylicyelobutoxylbenza
mide

860.44
7

861.80

N-[(38)-2,6-
dioxopiperidin-3-yi}-
2-fluoro-4-{4-[2-(4-
{{{}r,31)-3-(3-chloro-
4-cyanophenoxy)-

2,24 4-

82033

R21.20

(400 MHz, DMS0-d6)5: 10.81 (brs,
1H), §.29 (s, 1H), .02 (t, ] = 7.2 Hz,
1H), 7.93 - 7.35 {m, 2H), 7.80 (d, ] = 8.4
Hz, 2H), 7.61 (t, J = 9.2 Hz, 1H), 7.46 (4,
T=38.4Hz 2H), 720 (d, ] = 2.4 Hz, 1H),
7.00 (dd, J=2.4, 8.8 Hz, 1H), 6.83 - 6.70

o)
-3
s
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tetramethyleyclobutyl]
carbamoyl} phenyljeth
yoylj-{1,4"
bipipenidin}-1'-
yitbenzanude

(m, 2H), 4.75 - 4.66 (m, 1H), 4.31 (s,
1H), 4.05 (4, J=9.2 Hz, 1H), 3.91 (br d,
J=12.4 Hz, 7H), 2.84 - 2.73 (m, SH),
2.64 (br s, 1H), 2.36 - 2.30 {m, 7H), 2.16
- 2.07 (m, 1H), 2.04 - 1.94 (m, 1H), 1.87
(brd, §=96Hz 2H), 1.79 (brd, J = 11.2
Hz, 2H), 1.65 - 1.56 (m, 2H), 1.51 - 1.41
(m, 2H), 1.21 (s, 6H), 1.17- 1.11 (m,
8H).

37

N-{{(38)-2.6-
dioxopiperidin-3-yi}-
5-(4-{[1-(4-{[( 11, 30)-
3-{4-cyano-3-
methoxyphenoxy)-
2244~
tetramethyleyclobutyl]
carbamoyl} phenyhpip
eridin-4-

yllmethyl} piperazin-
I-yhpyrazine-2-
carboxamide

791.41

[N

79236

33

N-{(38}-2,6-
dioxopiperidin-3-yi}-
5-(4- [ 1-(4-{[ (15, 30)-
3-{4-cyano-3,5-
dimethylphenoxy}-
2244~
tetramethyleyclobutyl]
carbamoyl} phenypip
eridin-4-

ylimethyl} piperazin-
I-yhpyrimidine-2-
carboxamide

789.43

790.46G

N-{(38}-2,6~
dioxopiperidin-3-yi}-
5-(4-{]1-(4- {] (15,31)-
3-{4-cyano-3-
methoxyphenoxy)-
2,24 4-
tetramethylcyclobutyl]
carbamoyl} phenybpip
eridin-4-

ylmethyl} piperazin-
I-yBpyrimidine-2-
carboxamide

791.41

792 40
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N-[{38)-2,6-
droxopiperidin-3-yi}-
5-(4- {[1-(4-{[(1r.30)-
3-{4-cyano-3-
methoxyphenoxy -

2,2,4 4~ 79040 | . .,
40 tetramethyleyclobutyl] | 7 79170
carbamoyl} phenylipip
eridin-4-
ylimethyl piperazin-
-yhpyridine-2-
carboxamide
N-[{38}-2,6-
dioxopiperidin-3-yi}-
5-(4-{[1-(4-{[ (11, 30)-
3-{4-¢cyano-3,5-
dimethylphenoxy}-
2,24 4~ TRRA3 | o on
4 tetramethyleyclobutvl} | 7 789,80
carbamoyl} phenyhpip
eridin-4-
yllmethyl} piperazin-
I-yhpyridine-2-
carboxamide
(400 MHz, DMSO-d633: 10.85 (s, 1H},
e e §62(d, J=24Hz 1H),854(d. J=84
6 (4 {[1-(4-{[(17.35)- 774(d,J =8.4 Hz, 2H), 765 (d. ] = 8.4
eyt te, 180,750 .V =02 Hz, 1K), .01 -
othox yphenoxy)- 5.92 {m, ,IH}’ 6.96 {br d i = 8"8 Hz, ZH),
5% 44 . 700,41 6.88 (df: J=92Hz, 1H), 6.64(d, J =2.0
42 te’;'éi;leﬂwlcycEo‘butyi] 7’ ‘ 791.80 Hz, iH), .54 (dd, J=2.0, 8.7 Hz, 1H),
carbamm&}phenyl)pip 481 ) 4;6 7 (n},‘ 1H\) 4‘,28 @i EH)}' ,4‘.06 (d,
aridind. J=92 Hz iH), 3.91} (s, 3H), 3.86 {br d,
Vl}meﬁwi}piperazinn F=120 Hz 2H), 3.()2'(br s, 4H), 2”9 {br
’ -ﬁr})pgfﬁdiﬂ@%— t, F=120Hz, 3H} 256(brd, J=306
ca}bo-);amide | Hz, 1H}, 2,45 (brs, 4H), 2.25-2.05 {m,
' ' 3HY, 202-193Go, 1H)L 182 d, J=
120 Hz, 3H), 1.23 (s, 8H), 1.15 (s, 6H).
4-[(2R)-2- {[{propan-
2-yDI(15,31)-3-(4-
43 dioxopiperidin-3- N 853 .80

ylicarbamovi}-3-
fhuorophenoxy icyclob
utyllaminolmethyllm
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orpholin-4-vl}-N-
[(1r,3r)-3~{4-cyano-3-
methoxyphenoxy -
2,2,44-
tetramethyleyclobutyl]
benzamide

4-1(25)-2- {{{ propan-2-

yOf{1r,3r}-3-(4-
{(38)-2,6-
dioxopiperidin-3-
ylicarbamoyi}-3-
fluorophenoxy cyclob 57 42
44 utyllaminolmethyljm | J77 853.30
orpholin-4-yij-N- -
[(1r,31)-3~(4-cvano-3-
methoxyphenoxy -
2.2.4.4-
tetramethyleyclobutyl]
benzamide
4-[(2R)-2- (2~
2“?2‘?;‘&2%&“‘3 r)- (400 MHz, DMSO,ppm) 5 10.85 (s, 1H),
dmom;ﬁ o 830 (m, 1H), 7.78 (d, =8 4 Hz, 2H),
o1Jcarbamoyl 3. 7.67 (t, }=8.6 Hz, 1H), 7.51 (d, J=9.2 Hz,
Huorophenos evclob 1H), 6.98 (d, J=8.5 Hz, 2H), 6.73 (m,
. y%hgp f66.43 4HY), 4.80 {m, 2H), 4.22 (s, 1H), 4.07 (m,
45 u ?’é?‘?mj}?@l\f s . PR 86742 | 2H), 3.95(d, J=11.2 Hz, 1H), 3.76 (m,
Or.f‘ ;’ ir: Z } - : 4HD), 3.41 (m, 2H), 3.25 (m, 4H), 2.77
2( : £)-3-{4-cyano- (m, 1H), 2.68( m, 4H), 2.57 (m, 1H),
e o . 2.43 (m, 9H}, 2. 41 (m, 3H), 2.20 (m,
f“??? [phenoxy)- 1H), 2.17 {m, 6H), 1.21 (m, 1H), 1.12 s,
tetramethylcyclobutyl] 6H)
benzamide
N-{{38)-2,6- (400 MHz, DMRO-d635: 10.84 (s, 1),
dioxopiperidin-3-y1}- 861 {d, J=24Hz 1H),854(d, I=84
6-{4-{[1-{4-{[(1r, 31} Fiz, 1H), 8.17 (s, 1H), 7.96 (dd, J = 2.4,
3-{4-cyano-3,5- 9.2 Hz, 1H), 7.73 (d, ] = 8.8 Hz, 2H),
dimethylphenoxy}- 747{d, 1=92Hz 1H), 696(d, J =88
a6 2.2.4 4- T8BA3 | oo 4y | Hz 2H), 687 (4 I =88 Hz, 1H), 673 (s,
tetramethyleyclobutyl] | 7 ' 2H), 485 -4.68 {m, 1H}, 4.22 (5, 1H),

carbamoyl} phenybpip
eridin-4-

ylmethyl} piperazin-
I-yhpyridine-3-
carboxamide

403 (d, ] =92 Hz 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, 15, 2.43
(s, TOH), 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), 181 (brd, 7= 112 Hz, 3H), 1.21 (s,
§H), 1.12 (s, 6H.

47

4-[(2R)-2- {[{propan-
2-yDi(11,31)-3-(4-
{(35)-2,6-
dioxopiperidin-3-
ylicarbamovi}-3-
fluorophenoxy cyclob
utyljamino}methyl}m
orpholin-4-yl}-N-
[(1r,3r-3~(4-cyano-
3.5+
dimethylphenoxy}-
2244~
tetramethyleyclobutyl]
benzamide

850.44
3

§51.43

43

N-{{383-2,6~
dioxopiperidin-3-yi}-
2-fluoro-4-(4-{{(ZR})-
4-(4-{](11,30)-3-(4-
cyang-3,3-
dimethylphenoxy}-
2,24 4-
tetramethylcyclobutyl]
carbamoyl} phenylimo
rpholin-2-

ylimethyl} piperazin-
I-yhibenzamide

45

N-[{3R)-2.6-
dioxopiperidin-3-yi}-
2-fluoro-4-(4-{{(2R}-
4-(4-{](11, 333 (4~
cyano-3,3-
dimethylphenoxy}-
2.2.4.4-
tetramethyleyclobutyti
carbamoyl] phenyhimo
rpholin-2-

ylmethyl} piperazin-
I-yhibenzamide

80741
2

808.40

50

A0Sy {](>-
methoxyvethy {1, 3r})-
3-{4-{[(3R}-2,6-
dioxopiperidin-3-
vlcarbamoyii-3-
fluorophenoxyicyclob

868.41
7

B69.40

o)
-3
~
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utyllaminojmethylim
orpholin-4-vl}-N-
[(1r,3r)-3~{4-cyano-3-
methoxyphenoxy -
2,2,44-
tetramethyleyclobuiyl]
bmzamide

4-[(283-2- {{(2-
methoxy ethy Bi(11,30)-
3-(4-4[(3R)-2,6-
dioxopiperidin-3-
ylicarbamoyi}-3-
fluorophenoxy cyclob
utyljamino}methyl}m

366.43

{400 MHz, DMSO,ppm) § 10.85 (s, 1H),
8.30 {m, 1H), 7.78 (d, }=8.4 Hz, 2H),
7.67 (¢, 1=8.6 Hz, 1H), 7.51 (d, }=0.2 Hz,
1H), 6.98 (d, J=8.5 Hz, 2H), 6.73 (m,
4H), 4.80 (m, 2H), 4.22 (s, 1H), 407 {m,

tetramethylcyclobutyl]
carbamoyl} phenyl}-1-
oxa-4,9-

diazaspiro{5 5undeca
n-4-

5 VLA e 2H), 3.95 (d, J=11.2 Hz, 1), 3.76 (m,
Offhg’%nf?g I 8 4HY, 3 41 (m, 2H), 3.25 (m, 4H), 2.77
2( ; r-3-{d-cyano- (o, 1H), 2.68( m, 4H), 2.57 (10, 1H),
;i;me thylphenoxy)- 2.43 {m, SH), 24} {m, 3H), 2.20 {m,
2“2;44_' R EVH)ﬁ 217 (m, 6H), 1L.21 {m, 1H), 112 (5,
tetramethyleyclobutyl] oH)
benzamide
N-{(38}-2,6-
dioxopiperidin-3-yi}-
2-fluoro-4-(4-{{{2S)-
4 (4 {[(15,30)-3-(4-
cyano-3,5-
5 dimethylphenoxy}- R07.41
- 2.2.4.4- 2
tetramethylcyclobutyl]
carbamoyl} phenyhmo
rpholin-2-
ylimethyl} piperazin-
I-yhibenzamide
N-{2,6-dioxopiperidin-
3-y13-2-methoxy-4- THNMR (400 MHz, DMS0-d6) 6 10.88
[(15,31)-3-{9(4- (s, 171, 8.48 (m, 1), 7.96 (s, 1H), 7.86
H{1r,3r)-3-(4-cyano-~ {m, 3H}, , 7.49 (m, 1H), 6.98 (m, ZH},
j,m 6.74 (s, 2H), 6.57 (m, ZH), 4.84 (m, 1H),
i dimethylphenoxy)- 860.44 473 (m, 1H), 423 (s, 1H), 4.04 (m, 1H),
2.2.4 4- 7 3.91 (s, 3H), 3.69 (s, 2H), 3.51 {m, 2H),

3.15 (m, 2H), 2.90 (s, 3H), 2.77-272 (m,
4H), 2.44 (s, OH), 2.33 (m, 2H), 2.18 {m,
6F), 1.92 (m, ZH), 1.63 (m, 2H) . 1.23
(m, 9H), 1.13 {s, 7H)
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ylicyclobutoxyibenza
mide

N-{(1r,3r}-3-{4-cyano-
3-methoxyphenoxy)-
2,24 4-
tetramethylcyclobutyl]
~4-{4-1{1r,37}-3- {4~

. 8 o
4 [(2.6-dioxopiperidin- | 4 808.38
3-yhcarbamoyl]-3-
methoxyphenoxy}cych
obutoxy |ptperidin-i-
ylibenzanude
N-{2,6-dioxopiperidin-
3-y13-2-methoxy-4-
(11,3633 {[1-(4-
{1, 30)-3-(4-cyano-
3.5-
e dimethylphenoxy)}- 80540 | .,
55 2.2.4 4- 5 806 40
tetramethylcyclobutyl]
carbamoyl} phenybpip
eridin-4-
yloxyicyclobutoxylb
enzamide
];*jiiizz;}g;fcﬁf (400 MHz, DMSO-d6) 5 10.86 (s, 1H),
ooy oTmOTen 992 (s, 1H), §.67-8.65 {m, 1H), 7.83-
3HZS?',’:@"("@";{;“r’m" 7.81 (m, 2H), 7.56-7.49 (m, 3H), 7.04-
;}fmx}‘;@;z o 7.02 (m, 3H), 6.74 (m, 2H), 4.80-4.77
s SO 81943 | (o se | (o 1H), 424 (s, 1H), 414 (m, 1), 4.07-
RO 12 8 4.05 {m, 2T, 3.89-3.82 (s, 3H), 3.79-
tetramethyleyelobutyl] 363 (m, 4H), 3,423 21 (m, SH). 3.18-
carbamoyljphenylmo 3.05 (m, 3H), 2.85-2.77 (m, 2H), 2.44
’”p}“’“‘“"z" L {m, 6H), 2.21-1.89 (m, 4H), 1.21 (m,
yHmethyl] piperazin- S 118 (m. 6H) ‘
T-yhibenzamide o T
N-(2,6-dioxopiperidin- (400 MHz, DMSQO-d6) § 10.86 (s, 1H),
3-yh-3-methoxy-4-{4- 9.84 (s, 1H}, 8.67-8.64 (m, 1H), 7.84-
{1(28)-4-(4- {[{1r.37)- 7.81 (m, 2H), 7.67-7.65 (m, 1H), 7.58-
3-{4~cvano-3- 7.52 {m, 3H), 7.04-7.01 {(m, 3H), 6.65 (s,
methoxyphenoxy - 21 41 TH), 6.56-6.54 {m, 1H), 4.74 {m, 1H),
57 2,24 4- 7182247 1429 (s 1H), 4.16:3.91 (m, 4H), 3.88 (m,

tetrarnethyleyclobutyl]
carbamoyl} phenylimo
rpholin-2-

vlmethyl} piperazin-
I-yvhbenzamide

SH), 3.85-3.73 {m, 4H), 3.70-3.64 (m,
4H), 3.42-3.22 (m, 3H), 3.18-2.92 {m,
2H), 2.91- 2.72 (m, 2H), 2.23-2.08 (m,
2H), 2.00-1.92 {m, 1H), 1.24-1.15 (m,
12H).

o)
3
2
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N-{2,6-dioxopiperidin-
3-yh)-2-methoxy-4-(4-
{128)-4-(4- {[ (11, 30)-
3-{4-cyano-3-
methoxyphenoxy -

(400 MHz, DMSO-d6) 5 10.88 (s, 1H),
10.15 (s, 1H), 8.48 (s, 1H), 7.83 (m, 3H),
7.66-7.57 (m, 2H), 7.03-7.01 {m, 2H),
6.65-6.54 (m, 4H), 4.72 (s, 1H), 4.29 (5,

58 2,2,4 4~ ?21.43 822.54 1H), 4.15- 4.06 {m, SH)}, 3.95-3.92 (m,
tetramethyleyclobuiyl] 4H3, 3.80-3.53 (m, 6H}, 3.42 {m, 3H),
carbamoyl} phenyhmo 3.25 (m, 4H), 2.84-2.77 (m, 2H}, 2.68
rpholin-2- {m, 1H), 2.13 -2.08 (m, 2H), 1.24- 1106
ylimethyl piperazin- {m, 12H}.

I-yvhbenzanmide

N-(2,6-dioxopiperidin-

3-y1}-2-methoxy-4-{4-

{28344~ {{(11,31)- {300 MHz, Chloroform-d} & 8.65 (s, 1H),
3-{4-cyano-3,5- 8.09-8.01 (m, 2ZH), 7.73 {m, 2H), 6.94
dimethylphenoxy}- 1043 {m, 2H), 6.58-6.14 {m, 4H), 4.79-4.75

59 2,24 4~ 5 T B20.55 {m, 1H), 4 14-3 88 {m, 7TH), 3.8§1-3 44
tetramethyleyclobutyl] {m, 3H), 2.94-2.66 {m, 10H), 2.46 {(m,
carbamoyl} phenyhmo 4H3y, 2.37-1.83 (m, 3H), 1.25-1.12 (m,
rpholin-2- [6H).
yllmethyl} piperazin-
j~vhibenzamide

{400 MHz, Methanol-d4} 5 7.77 - 7.69
N-{2,6-dioxopiperidin- (m, 2H}, 7.52{(d, F =86 Hz, 1H}, 752~
3-y-3-methoxy-4-{4- 7.45 {m, 2H), 7.04 — 6.95 {m, 3H), 6.63
11-(4-41(1r,3r3-3-(4- (d, J=22Hz 1H), 656(dd, J=80,22
cyang-3- Hz, 1H}, 4.86(d, I =68Hz, 1H), 426 (s,
methoxyphenoxy)- £19 43 1H), 4.13 (5, 1H),393(d,J=44Hz,

60 2244~ ~ 1 BZ0.55 TH), 3.89 (s, 1H), 3.67 - 3.55 {m, 1H),
tetramethyleyclobutyl] |~ 317 (s, 4H), 290 - 2.81 {m, 2H), 2.84 —
carbamoyl} phenypip 277 {m, 1H), 2.77 - 2.63 (m, 1H), 2.66 -
eridin-4- 261 {m, 4H), 232(d, J =69 Hz, ZH),
ylimethyl} piperazin- 226-213 {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 72
‘%g(&}?gﬁ’gj,’;*“ (400MHz, DMSO-d6)3 = 10.89 (s, 1H),
Y -),;q; ’2 6 o 8.55(dd, J=8.0,32Hg 1H), 7.79(d, ]
j&-ii:);p’&;i din-a- =& 8 Hz, 2H)}, 7.54 {d, }=92 Hz, }H}ﬁ
ylcarbamoyl}-4- 728 - '7‘20 {m, 1H}), 7.08 - 6.95 (m, 4H),
o1 ﬂucmf;her&éxykvciob 850.44 851 30 6.78 - 6‘71 ‘{m, 2H}, 4.80 - 4.68 (m, ZH),
e 3 ' 423 (s, 1H), 4.07-4.02 {m, 1H}, 4.00 -

otyllamino}methyl}m
orpholin-4-y1}-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, 2H), 2.58 - 2.53 (m, 2H), 2.48 -
2.35 (m, 9H), 2.21 - 2.05 (m, 3H), 2.04 -

e}
%
faw}
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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-
vhE(1r,3r3-3-(3-
{H(38}3-2,6-
dioxomperidin-3-
vlicarbamoyli}-4-
fluorophenoxyjcyclob

(400MHz, DM‘SO dé)é =10.89 (s, 1H),
8.55 (dd, I = 2 Hz, 1H), 8.16 (s,
1H), 7.79 m, J 8.8 Hz, 2H), 7.66 (d, J =
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, I=24Hz 1H), 6.54(dd, J =

62 utyijanunolmethylim 232'4‘; 83330 2;172(5 i; lf%(f;g 4" éfiﬁ?’ j‘%i’“
orpholin-4-y)-N- 3.94 (m, 1H), 3.91 (s, 35, 3.85 - 3.77
[t1r,36)-3-{d-cyano-3- (m, 1H), 3.73 - 3.50 (m, 5H), 3.03 - 2.96
methoxyphenoxy)- (m, 1H), 2.86 - 2.73 (m, 2H), 2.57 - 2.53
2,2.4,4- , , (m, 2H), 2.46 - 2.35 (m, 3H), 2.21 - 2.05
tetrame;hy}cyciebu‘tyE} (m. 3H), 2.04 - 1.97 {m. 1H), 1.23 (s
benzamide ST, 1.15 (5, 6H), 1.04 - 0.90 (rn, 6H).
N-{{11,30)-3-{4-cyano- (400 MHz, DMS0-d6) & 10.85 (s, 1),
3,5- 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, 2F), 6.77-6.68 (m,
tetramethylcyclobutyl] 2H}, 6.55-6.42 {m, 2H}, 4.91-4 78 {m,
-4 §8-[(11,3r}-3-(4- 920,39 1H), 4.77-4.70 {m, 1H), 4.27-4.19 (m,

63 §1(38)-2,6- o 82180 | 1H),4.07-4.00 {m, [H), 3.97-388 (m,
dioxopiperidin-3- 2H), 3.75-3.60 {m, 4H}, 3.55-3.32 {m,
ylicarbamoyi}-3- 5H}, 3.30-3.28 (m, 2H), 3.17-2.92 {m,
fluorophenoxy cyclob IH), 2.85-2.72 (m, 1H) 2.45-238 {m,
utyi}-5-oxa-2, 8- O6H), 2.22-2.05 {m, 3H), 2.04-1.94 (m,
diazaspiro{3. Sinonan- IH), 1.26-1.17 (m, 6H), 1.16-1.05 (m,
2-yil benzamide 6H}.

(11,18:)-N-(2,6-
dioxopiperidin-3-y1)-
F7-401-{4~{[{1r,3r)-3~
{4-cyano-3,5-
dimethylphenoxy}-

2,244~ "

64 tetrarnethyley aiebu@vi} 20/“'49 303 .48
carbamoyl} phenybpip
eridin-4-vijmethyl}-

2,9 14-trioxa-17-

azatricyclo{16.1.1.(0° %]

icosa-3(8},4,6-triene-

6-carboxamide

a-[(28)-2-{[{propan-2- | go0 1 (300 MHz, DMSO-d6) 6 10.80 (s, 1H),
65 yHI(1r,30)-3-(4- 2785144 | B30(s, 1H), 7.90-7.80 (m, 2H),765 (s,

{{(38)-2,6-

FH), 7.50 (5, TH), 7.10-6.91 {m, ZH),
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dioxopiperidin-3-
yljcarbamoyi}-3-
fluorophenoxy eyclob
utyllaminojmethylim
orpholin-4-v1}-N-
{{1r,3r)-3~(4-cyano-
3,5-
dimethyiphenoxy}-
2,2,4 4~
tetramethyleyclobutyl]
benzamide

©.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, SH)2.58 (s, 1H), 2.50-2.48 (m, 7TH),
2.43-2.41 {m, 6H)}, 2.21-2.03{r0, 3H),
1.30-1.20 {m, 8H), 1.15-1.03 (m, TH),
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-
vy~ (4- ] (11,3r)-3-

{4-cyano-3,5-

{400 MHz, Methanol-d4) 3755 (d, J =
8.9 Hz, 7H), 7.35 — 7.26 (m, 2H), 6.81 (d.
J=8.9Hz, 2H), 6.60 (d, ] = 8.4 Hz, 1H),
6.53 (s, 2H), 4.59 (s, 1H), 4.05 (s, 1H),
393 (s, TH), 3.74 (s, 3H), 3.72 (s, 1H),
360 (s, 1H), 2.84 (s, 1TH), 263 (¢, J =

6 dimethylphenoxy}- 860.43 %61 61 103 Hz, 3H), 253 (dt, =175, 3.7 Hz,
- 2,24 4~ 4 h 1H), 2.29 (s, 6H), 2.17 (s, 2H), 2.12 (s,
tetramethyleyclobutyl] IH, 207196 (m, 2H), 1.76(d, J =
carbamoyl} phenyhpip 126 Hz, 2H), 144 (s, 2H), 1.11 (s, 1H),
eridin-4- 1.09 (s, oH), 1 .08 (s, 3H), 1.03 (s, 6H),
yllmethyl} Jammoljeyel (.84 (d, J=65Hz 6H), 071 (s, 1H), -
obutoxy Jbenzamude 0.00 —-0.12 (m, 2H), -0.18 (s, 37H), -
0.18(d, J=67Hz, ZH).
4-[{(28)-2-{[(2-
methoxy ethy Bi(11,30)-
3-(4-4[(38)-2,6-
dioxopiperidin-3-
ylicarbamoyi}-3-
fluorophenoxy cyclob
. utyllaminolmethyllm | 86643 |
o7 orpholin-4-yl}-N- ; 8 807.43
[(1r,31)-3~(4-cvano-
3.5+
dimethylphenoxy}-
2,24 4~
tetramethyleyclobutyl]
benzamde
N-{{1r,3r}-3-{4-cyano- (360 MHz, DMS(-d6) § 10.83 (5, 1H],
3,5- 034 (s, 1H}, 8.67-8.55 (m, 1H}, 7.90-
dimethylphenoxy)- 23043 7.68 {m, 4H), 7.42-7.52 {m, 2H), 7.02-
68 2,24 4- 7 T 183143 6.82 {m, 4H), 6.82 (s, 1H), 490-4.69 {m,

tetramethylcyclobutyl]
A {A-[(11,30)-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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ad

yhcarbamoyl]phenoxy
teyelobutyl}-1-oxa-

/_‘3,? O.

diazaspirol S Sjundeca
n-9-vlibenzamide

2.36 (m, 8H), 2.22-2.03 (m, 4H), 3.96 (s,
3H), 3.81-3.77 (ro, 2H), 2.94-2.81 (m,
1H) 2.78-2.71 (m, 2H), 2.65-2.60 {m,
1H, 2.58-2.51 (m, 6H), 2.00-1 82 {m,
2H), 2.70-2.62 (m, 2F, 1.35-1.00 (m,
12H).

N-[{38)-2,6-

dioxopiperidin-3-ylj-
2-fluoro-5-(4-{]1-(4-
{I(1r.3r}-3-{4-cyano-
3-methoxyphenoxy)-

80741

(400 MHz, DMSO-d6)5: 10.87 (s, 1 H),
§.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),
749 (d, =88 Hz, 1 H), 7.18 - 7.11 (m, 3
H), 6.96 {br d, 1=8.8 Hz, 2 H), 6.64 (s, 1
H), 6.55 (dd, J=8.8, 2.0 Hz, 1 H), 4.79 -

69 2244~ - 808.30 470 (m, T H), 428 (s, 1 H), 407-4.04
tetramethyleyclobutyl] |~ (m, 1 H), 392(,3H),387(brd, J=124
carbamoyl} phenypip Hz, 2H), 313 {(brd J=44Hz 5H) 283
erdin-4- ~275{(m, 6 H), 222 {brd, ]=6.0Hz, 2
yllmethyl} piperazin- Hy, 284 - 199 {m, 3 H), 181 (brd,
I-yhbenzamide J=120Hz, 3 H), 123 (5,8 H), 1.16(s, 6

Hy.
rac-N-(2,6- 77646 | 777.50 {400 MHz, DMS(-d6)6: 10.67 - 10.92
dioxopiperidin-3-yl}- | 3 (m, 1 H), 8B.01(d, J=B4Hz 1 H}, 773
3-{4-{[1-{4- 4] (11,31}~ (d, J=8.8Hz 2H}, 747 {(d, =92 Hz 1
3-{4-cyano-3,5- H), 6.95(d, J=9.0Hz, 2H}), 6.66-6.78
dimethylphenoxy}- (m, 2H), 448 -45%(m, 1 H),423(s5, 1

70 2,24 4- H), 404 (d, J=9.0Hz 1 H), 3.84 (br d,

. tetramethyleyclobutyl] J=122Hz 2H) 2.70-2.84 (m, 5 H),
carbamoyl} phenypip 239-248(m, TH), 1.80-2.04 (m, 10
eridin-4- H), 1.61 -1.76(m, 4 H), 1.50-1.60 {m,
ylimethyl} piperidin-i- FTHY,126-139(m, 1 H), 1.22 (s, 6 H),
yhibicyclo[1.1.1]penta F10-1.18{(m, 10H), 1.00-1.10{(m, 2
ne-~1-carboxamide H).

N-{(38}-2,6~ 74837 { 74925 {400 MHz, DMK(-d6) & 10.87 (5, 1H},
dioxopiperidin-3-yl}- |5 849 (m, 1H), 7.72(d, ZH}, 7.65 (1, 1H),
2-fhuoro-4-(1-{{1-(4- 7.42{d, 1H), 735724 {m, 2H}), 6.73
H{1r,3r)-3-(4-cyano-~ (s, 2H), 6.45 ~ 638 (1, 2H}, 476 (m,
3,5+ TH), 422 (s, TH), 403 -3.90 (1, 3H}, 3.66

7 dimethylphenoxy)- {m, 3H), 3.56 (m, 2H), 3.15 (t, 2H}, 2.78
2,24 4- (d, 4H}), 2.55 (d, 5H), 2.04 ~ 1. 99 {m,
tetramethyleyclobutyli 2H), 1.22(d, TH), 1.11 (s, 6H).
carbamoyl} phenyllaze
tidin-3-
ylimethyl}azetidin-3-
ylibenzamide
(17, 190)-N~(2,6- 216,51 1 91750 (400 MHz, DMSO-d6) & 10,85 (s, 1H),

72 dioxopiperidin-3-yl)- | 0 858 {(d, J=80Hz, 1H). 814 (5, 1H),

18- {1 ~(4-{[(1r,3r)-3-

7.73 (d, 3= 8.8 He, 2H), 7.55 - 7.43 (m,
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{4-cyano-3,5-
dimethylphenoxy}-
2,24 4~
tetramethyleyclobutyl]
carbamoyl} phenyhpip
enidin-4-yijmethyi}-
2,9,15-trioxa-18-
azatricyclof17.1.1.0° 7%
henicosa-3(8}3,4,6-
triene~-3~carboxamide

2H), 740 (4, I = 2.0 Hz, 1H), 7.10(d, T =
§.8 Hz, 1H), 6.95(d, J = 9.2 Hz, 2H),
674 (s, 2H), 4.89 (s, 1H), 479 - 4.68 (m,
1H), 4.23 (s, 1H), 415 (¢, I = 1.2 Hz,
2H), 4.07 - 4.01 (mn, 1H), 4.01 - 3.91 (m,
1H), 3.85 (d, J = 12.4 Hz, 21D, 3.44 (d, ]
= 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, I = 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 (s,
8H)

N-[{1r,3r)}-3-{4-cyano- | 793.38 | 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, TH), 7.10-6.88 {m,
2,24 4~ 2H3, 6.87-6.61 (m, 3H), 5.12-4 80 {m,
tetramethyleyclobutyl] 1H), 4.79-4.60 {m, 1H), 4.50-4.30 {1,
7 ~4-14-[{1r,31)-3(4- 1H), 4.29-4.15 (m,1H), 4 10-3.95 (m,

’ {(38)-2,6- IH), 3.75-3.60 (m, 2H), 3.58-3 50 {m,
dioxopiperidin-3- 1H), 3.30-3.10 {m, 2H), 3.05-2.90 {1y,
yljcarbamoyi}-3- 2H}, 2.85-2770 (m, 1H), 2.45-2.25 (m,
fluorophenoxy jeyclob 8H), 2.20-1.80 {(m, 4H) ,1.60-1 .40 (i,
utoxy jpiperidin-1- 2H3, 1.30-1.03 (m, 12H), 0.90-0.71 (o,
ylibenzanude H).

(11, 18r)-N-(2,6- 902.49 | 903.48 (400MHz, DMSO-d6) 6 =10.84 (s, 1H),
dioxopiperidin-3-yl}- | 4 860(d, J=80Hz IH),773(brd, J=
F7-411-(4- 4111, 3r)-3- 88 Hz ZH), 7.55-7.41 {m, 3H), 7.12(d,
{4-cyano-3,5- J=84Hz 1H} 695(brd, =88 Hz,
dimethylphenoxy}- 2H), 6.74 (5, 2H), 4.85 - 4.68 {m, ZH),
2244~ 423 (s, TH), 415 - 4.01 (m, 4H), 3.85 (br
74 tetramethyleyclobutyl] d, J=120Hz 2H}, 3.51 (brs, 2H), 3.42
carbamoyl} phenypip -3.4% (m, 1H}, 277 (brs, 2H}, 2.63 {(brs,
eridin-4-ylimethyi}- 3H), 2.44 (s, 6H), 2.34 (br s, 1H), 2.27
2.9, 14-trioxa-17- (brd, =64Hz 2H), 218 - 2.01 (m,
azatricyclo[16.1.1 07 ¥ SH), 198 - 1.92 (m, 1H), 1.91 - 171 (o,
wosa-3(8},4,6-triene- SH), 171 - 1.53 (1o, 3H), 1.22 {s, 6H),
S-carboxaride 112 (s, 8H)
N-[{(3R}-2,0- 80741 | 808 40
dioxopiperndin-3-yi}- | 2
2-fluoro-4-(4-{{{2S)-
75 4_(4" % E(i 1”731')-3—(4-

cyang-3,3-
dimethylphenoxy}-
2.2.4.4-
tetramethyleyclobutyl]

B
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carbamoyl} phenyhmo

rpholin-2-

yllmethyl} piperazin-

j~vhibenzamide

N-{2,6-dioxopiperidin- | 860.44 | 861.44 (400 MHz, DMSO-d6) & 10.87 (s, 1H),

3-y1}-3-methoxy-5- 7 8. 73-8.71 {m, 1H}, 7.76-7.74 (m, 2H)},

[(1r,3r}-3-[9-(4- 7.50-7 48 (m, 1H]}, 7.03-6.91 (m, 4H)},

{{{1r3r)-3-(4~-cvano- 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}- 3.79 (s, 3H}, 3.67 {m, 2H), 3.52-3 49 {im,
76 2244~ 2H), 3.18-3.12 {m, 2H), 2.90-2 74 {m,

tetramethyleyclobutyl] 2H), 2.44-2 40 {m, 6H), 2.38 {(m, 3H),

carbamoyl} phenyl)-1- 237 {m, 2H), 2.29-2.18 {m, 5H), 1.98-

oxa-4,9- 187 {m, 3H), 1.64-1.52 (m, 2H), 1.22

diazaspiro] 5 Sjundeca {m, 6H), 1.12 {m, 6H}.

-4

yljevclobutoxylbenza

mide

10927} EXAMPLE 26 — BIOACTIVITY IDATA FOR THE COMPOUNDS OF THE DISCLOSURE

{0928] AR ELISA ASSAY PROTOCOL

10929} Compounds were evaluated in this assay i LNCaP and/or VCaP cells utilizing simuilar
protocols. The protocols used with VaP cells are described below. The androgen receptor ELISA
assay was performed using PathScan AR Sandwich ELISA {Cell 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#l 1835-030); 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 mcubated for a minmimum of 3 days. Cells were dosed with
PROTACs diluted in 0.01% DMSO and the drug treatment was allowed for § 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 aspurated, and
100 uL Ix cell lysis buffer/well is added. The cells were placed on a shaker for 10 munutes at 4°C.
Twenty microliters of lysate was transferred to 100ud of Diluent in ELISA plate (0. 15ug/ml - 0.075
ug/ml}). The lysate-diluent raixture was shaken for 30 nunutes at 37°C. Allow mouse AR antibody,
anti-mouse antibody, TMB, and STOP solution to come to room temperature. The Ix ELISA

buffer mcladed wn kit was made and loaded i the reservorr.. Media from the plates was discarded,

B
o]
n
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the ELISA plate tapped hard on paper towel, and washed 4x 200 pl ELISA wash buffer using a
plate washer.

{0932} One-hundred (100} ul/well of mouse AR detection Ab 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 minutes; 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 ulL of ELISA wash buffer; the plates were tapped the plates on
paper towel. One-hundred (100} pul 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 biue
color developed. Plates were shaken and read at 450 nM.

[0934] Progression of prostate cancer in patients treated with anti-androgen therapy usually
involves one of several mechanmisms of enhanced Androgen Receptor { AR} signaling, mcluding
mcreased ntratumoral androgen synthesis, mncreased AR expression and AR mutations.
PROTACs (PROteolysis TArgeting Chimera), which use bi-functional molecules that
simultaneously bind a target of choice and an E3 higase, cause ubiquitination via nduced proximity
and degradation of the targeted, pathological protein.  As opposed to traditional target nhibition,
which 18 a competitive process, degradation is a progressive process. As such, it 18 fess susceptible
to mncreases n 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 Stamming 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 26-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 2ZmM (CaCl2. Fixed cells
were incubated at RT for 15 minutes. For particularly low adherence cell hines {e g, VCaP), a 2X
solution of 8% PFA was added directly to wells instead. Cells were washed once with 200uL
PBS/well. To permeabilize cells 530 pl/well of ¢.1% Triton X-100 1n PBS was added and incubated
for 5 minutes. Cells were washed once with 200 gL 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

B
<z
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Licor Odyssey blocking buffer; 50 pl/well; UST 5153s) was added. Plates were mcubated
overnight at 4°C. Plates were washed 3 times with 200 uL PBS/well. The appropriate secondary
antibody was added (50 pL/well; diluted in Licor Odyssey biocking buffer) and incubated for §
hour at RT in the dark as prepared below using Anti-rabbit FITC {1:5000; 488 nMj} and Phalloidin-
Alexafluor 648 (1:500; 648 nM}. Cells were washed once with 200 L PBS/well. 50pL DAPL or
Hoechst 33342 diluted 1:1000 in Licor Odyssey blocking butter was added to the wells. Cells were
washed 3 times with 200 pLL 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

IXM high content imager and analyzed using Molecular Devices metaXpress software suite.

10936} TABLE 4. BIOACTIVITY DATA FOR THE COMPOUNDS OF THE DISCLOSURE

Compound High Content High Content ELISAVCaP | ELISAV(CaP
No. VCaP DCso (nM) | VCaP D (%) DCso (nM) Dhax (Y3
1 et A nd i
2 nd - TR A
3 nd - A A
4 nd - ot 'S
3 od - FEw s
6 nd - et B
7 nd - I A
8 nd - A 'S
9 nd - + C
10 nd - et B
1 nd - N B
12 nd - At A
13 nd - At B

B
x%
~2
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Compound High Content High Content | ELISA VCaP | ELISA V(P
No. VCaP DCsg (nM) | VCaP Dinax (%) DCso (oM) Duax (%0}
14 et C nd -
15 nd - et C
16 nd - +++ C
17 b B nd -
18 i+ B ad -
19 ot A nd -
20 Ry A nd -
21 b A nd -
22 - A - -
23 A+t A - -
24  aams A - .
25 SRR B ; -
26 A+ A - -
27 At A - -
28 - A - -
29 -+ C - -
30 ottt A - .
31 T B - -
32 C - -
33 - A i i
34 At A i i
35 A A
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Compound High Content High Content | ELISA VCaP | ELISA VCaP
No. VCaP DCso (0M) | VCaP D (%) | DCso (nM) D (%)
36 et A . -
37 e A . -
38 et A ; -
39 ot A . -
40 bt A . -
41 et A X -
A s A . -
a3 ot A . -
a4 o+ A . -
45 et A . -
16 et A . -
47 ot A . -
43 R A . -
49 bt A . .
50 bep- A X -
51 b A . -
= T A . )
53 et A . -
54 et A X -
35 s A . -
%5 P A . -
<7 R A . -

B
%
Nl



ARVN-GOT7/001 WO 331216-2140

Compound High Content High Content | ELISA VCaP | ELISA V(P
No. VCaP DCao (oM) | VCaP Dinax (%) DCso (uM) Disax (%)
58 At A i i
59 A+ A i }
60 -+ A i i
61 At B i i
62 o B ) )
63 bt B i }
64 -+ B i i
65 - B i i
66 -+ B i i
57 it A i i
68 ++ B i }
69 ++ A ) )
70 o C ) )
71 et B ) )
72 -+ C i }
73 -+ C i i
74 ottt C ] ]
75 -+ C i i
76 ot C i }

4+ BCso <1 oM, +++ 1 1 oM <= DCso < 10 nM;
++ 10 aM <= DCs0 < 100 nM; + 1 DCs0 >=100

A Duax>= 70%; B 50<= Dmax <70; C: Dmax <50

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 motety having the structure:

#hn =
T T %

=T
7
N
kS

wherein:

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

s 4-6 membered cycloalkyl, Co-Cio aryl, 4-6 membered
heterocvcioalkyl, or 4-6 membered hetercaryl, wherein the heterocycloalkyl or
heteroaryl comprises 0-4 heteroatoms;

Q°, 7, QF, O, and Q' are each independently CR?, or N;

Fach R' is independently selected from the group consisting of H,
optionally substituted finear or branched Ci-Cs alkyl, cyano, halogen, and
optionally substituted linear or branched Ci-Csalkoxy, wherein the alkyl 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 (i-Cs alkyl, cvano, halogen, and optionally
substituted linear or branched C1-Cs alkoxy, wherein the alkyi or alkoxy group is
optionally substituted with one or more halo;

Each RY is independently selected from the group consisting of optionally
substituted H, linear or branched i-Cs alkyl, cvano, halogen, and optionally
substituted hinear or branched C1-Ce alkoxy, wherein the alkyl or alkoxy group i3
optionally substituted with one or more halo; and

nis(, 1,2, 3, or4;
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(b} L is a chemical linking moiety having the structure:

L7
\
wherein:

the ABM 15 linked to W, and the CLM is linked to £ or
the ABM s linked to Z, and the CLM is linked to W,

W is absent or "gm"g“"gw

. s 4-7 membered cycloalkyl, 4-7 membered heterocycle, or spiro-
bicvelic hetercoveloalkvl, where each ring in the spiro-bieycle 1s 4-7 membered;
. J J A o .
X 15 -CHa- or absent;

Y is -NR®-, -O-, or absent;

@ 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 Ci.s alkoxy-Cius

\5’“ Cuf v O S >
§W A - N ~E
alkvl, or 4 4 7 wherein § indicatesabondto Y, and / indicates
TN

eSB}

a bond to \w’ :

each R is independently selected from the group consisting of H, lnear or
branched Ci.6 alkyl, and linear or branched Ci+ altkoxy;

pisl 2,3, or4; and

qist, 23,4, 01 5;

{c}) CLM 1s cereblon E3 ubiquitin ligase binding moiety having the structure:

%)m

RE

Wherein:
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®is Ce-Cio aryl, 4-7 membered hetercaryl, or bridged bicyclc
cycloalkvl;

\5\_/ 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 hinear or branched (-Us alkyl, cyane, halegen, and optionally
substituted linear or branched C1-Us alkoxy, wherein the alkyvl or alkoxy group s
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 alkyl or alkoxy group is
optionally substituted with one or more halo; and

mis 0, 1,2, 3, ord;

provided that when @ ts pyridyl, is tetramethyleyelobutyl, Q7 1s CRY and Q4

is CRY that R! is not chloro; and
further provided that the compound 1s not N-{(4-(3-chloro-4-cyanophenoxy jeyclohexyl -6+
{4-{{4-{4-({ 2 O-dioxopiperidin-3-yHicarbamoyDphenviipiperazin- 1 -y hmethy Hpiperidin-1-

yipyridazine-3-carboxamide.

2. The bifunctional compound of claim 1, wherein the compound 15 a compound of Formula
{I)

(RhHm

(R%n
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or a pharmaceutically acceptable salt, solvate, enantiomer, steregisomer, or 1Sotopic
derivative thereof

3. The bifunctional compound of claim  or 2, wherem L 18

wherein:

7 is 4-7 membered cycloalkyl or 4-7 membered heterocyele;
Y is -NR®-, -O-, or absent;

R® 15 H, linear or branched Ci.s alkyl, or linear or branched Cis alkoxy; and

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

4, The bifunctional compound of claim | or 2, wherein L 13

AT

Wherein:

A s piperidiny! or morpholinyl;
Y is -NR%- or -0-~;

%z/L\ or :22":/\\/0\;

R’ s

is cyclobutyl; and

£ 15 -0~

3. The bifunctional compound of claim T or 2, wherem L 1s

Wherein:

294



ARVN-00T/001 WO 331216-2140

@ is piperidiny! or morpholinyl; and

" is piperazinyl.

0. The Wifunctional compound of claim 5, wherein is piperidinyl.

7. The bifunctional compound of claim 1 or 2, wherein the compound 1s a compound of
b3 E

Formula {Ib}:

JIns Q
(R N

{
o ﬁfs/ B\‘ 3
H‘Y o
Qi\aq{;ﬁ” O

(Iby

or a pharmaceutically acceptable salt, solvate, enantiomer, stereocisomer, or isotopic derivative

thereof.

8 The bifunctional corapound of any one of clairns 1-6, wherein the compound 13 a corapound

of Formula (Ie):

RS
{(R%n Q7 N G
QG \QB
L PR NH
@l e e
o N o s £
?Ez \Y \Ql e 60
Q%\\ {;’“fQS O
Qll
(Ic)

or a pharmaceutically acceptable salt, solvate, enantiomer, sterecisomer, or 1sotopic derntvative

thereof
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9. The bifunctional compound of any one of claims 1-8, wherein Q'-€}° are each CRL.

10. The bifunctional compound of any one of claims 1-8, wherein exactly 1 of Q'-0Q7 is N.

i1 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 hifunctional compound of any one of claims 1-12, wherein Q0" are each CR.

14, The bifunctional compound of any one of claims 1-12, wherein exactly 1 of G5%Q¥ s N.
18, The bifunctional compound of any one of claims 1-12, wherein exactly 2 of G%Q are N.
6. The bifunctional compound of any one of claims 1-12, wherein exactly 3 of Q%-Q% are N.
17 The bifunctional compound of any one of claims 1-16, wherein Q! 15 CH, Q7 1s C(CHz),

Q7 15 C(CN), QF 15 C(CH3), and Q7 s CH.

18&. The bifunctional compound of any oue of claims 1-16, wherein Q' is CH, Q? is C(OCH:),
E ¥ ,

O’ is C{ON}, O is CH, and Q% is CHL

19. The bifunctional compound of any one of claims 1-16, wherein Q' is CH, Q% 1s C(C1), ¢°

is C(CN), @*1s CH, and Q% is CH.

20, The bifunctional compound of any one of claimas 1-19, wherein “ 153 4~6 membered

cycloalkyl.
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2L The bifunctional compound of any one of claims [-20, wherem 15 cyclobutyl or

cyclohexyl.

22. The bifunctional compound of any one of claims 1-21, wherein is cvelobutyl

23. The bifunctional compound of claim 22, wherein n s 4.
24 The bifunctional compound of claim 22, wherein each R? is methyl.
25, The bifunctional compound of any one of claims 1-21, wherein Q is cyclohexyl

26. The bifunctional compound of claim 25, whereinn 1s O,

27, The bifunctional compound of any one of claims 1-26, wherein R? is linear or branched
v b

C1-Ce alkyl.

28, The bifunctional compound of any one of claims 1-27, wherein is phenyl, pynidinyl,

pyridazinyi, pynimidinyl, or pyrazinyl.

29, The bifunctional compound of any one of claims 1-28, wherein ®is phenvl

()

30. The hifunctional compound of any one of claims 1-28, wheremn 1s pyridinyl

31 The bifunctional compound of any one of claims 1-28, wherem @ is pyridazimyl
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32 The bifunctional compound of any one of claims 1-28, wherein ®is pyrimudiny !

33 The bifunctional compound of any one of claims 1-28, wheremn ®is pyrazinyi.

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 1-33, wherein each R* is independently

selected from the group consisting of F, methoxy, and methyl

36. The hifunctional compound of any one of claims 1-35, whereinm s 0, 1, or 2.
37 The bifunctional compound of any one of claims 1-36, wheretn m s 0.

38 The bifunctional compound of any one of claims 1-36, wherem m s 1.

39 The bifunctional compound of any one of claims 1-36, wherem m s 2,

40, A bifunctional compound, wherein the compound 15

e l’/i/,‘ /P O
,\\
“ H
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or a pharmaceutically acceptable sali, enantiomer, steresisomer, or 1sotopic denvative of any of

the foregoing.

41, A bifunctional compound, wheremn the compound 15
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or a pharmaceutically acceptable salt, enantiomer, sterecisomer, or isotopic derivative of any of

the foregoing.
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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 composition 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 composition of claim 42 or 43, wherein the composition further comprises
P ;

an effective amount of at least one additional anti-cancer agent.

45, The pharmaceutical composition of claim 44, wherein the additional anti-cancer agent is
estramustine, docetaxel, ketoconazole, goserelin, histrelin, triptorelin, buserelin, cyproterone,

flutarmde, bicalutanmide, nilutanude, panudronate, or zolendronate.

46. A method of treating prostate cancer in a subject comprising admunstering to a subject in 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 claums 42-

43,

47 The method of claim 46, wheremn the therapeutically effective amount of the bifunctional

compound 1s admuimstered orally to the subject.

48. The method of claim 46 or 47, wherein the therapeutically effective amount of the hifunctional
compound 15 admnisiered 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

bifunctional compound 1s administered to the subject once a day.

(8]
[a
Rl
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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 is 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 is about 1 mg to about 1000 mg.
52, The method of any one of claims 46-51, wherein the therapeutically effective amount of the
bifunctional compound is about S mg to about 750 mg.
53, The method of any one of claims 46-52, wherein the therapeutically effective amount of the
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 compound is about 20 mg to about 250 mg,

The method of any one of claims 46-34, whereim the subject 18 10 a fed state at the time of

3.

]

i

admirgstration.
56. The method of any one of claims 46-55, wherem the subject 15 10 a fasted state at the time of

admunistration,
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,

nifutamide, pamidronate, or zolendronate.

The method of any one of claims 46-5&, where the subject with prostate cancer comprises

59,
at least one somatic AR tumor mutation.
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60. The method of anv 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 bifunctional 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 turoor biomarker status comprises

at least one somatic AR tumor mutation.

64. The method of clann 62, wherein the AR biomarker status of the subject i1s determined by
ctDNA analysis, fluorescent i situ hybrnidization, immunohistochemistry, PCR analysis, or

sequencing.

65. The method of clamm 62, wherein the AR biomarker status of the subject is determined in

a blood sample derived from the subject.

66. The method of claim 62, wherein the AR biomarker status of the subject 15 determined in

a solid biopsy derived from the tumor of the subject.

67. The method of anv 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 ¢laims 62-07, wherein the prostate cancer i1 metastatic prostate
cancer.
69. The method of any one of claims 63-68, wherein the at least one somatic AR tumor

mutation is selected from the group consisting of L702H, M8O3V, MEBO6V, TR78A, F877L, and
HR75Y.
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ABSTRACT

This disclosure pertains to compounds, the preparation thereof, and the use of these
compounds in the treatment of prostate cancer, including metastatic and/or castrate-resistant

prostate cancer, in subjects in need thereof.

(5]
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