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MODULATORS OF MITOCHONDRIAL DNA REPLICATION
PRIORITY CLAIM

{0001} Thas application claims the benelit of U.S. provisional application no. 63/526,814,

filed July 14, 2023, which is incorporated herein by reference in its entirety.
FIELD OF THE INVENTION

[0002] Embodiments of the invention relate to novel DNA polymerase v (POLy) modul ators,
their pharmaceutically acceptable salts, and pharmaceutical compositions thereof.
Embodiments of the invention also relate 1o methods of using such compounds and

compaositions. including to modulate POLy.
BACKGROUND OF THE INVENTION

{0303 ] Human mitochondria contain multiple copies of a circular, double-stranded (ds) DNA
genome (MDNA), and a dedicated DNA replication machinery is required for maintaining
the mutochondrial genome. POLy 15 the replicative polymerase essenttigl for maintaining the
mtNA. POLy is a heterotrimer in human cells with one catalytic subunit (POLyA) and two
accessory subumits (POLYB)Y. POLyA belongs to the family A DNA polymerases. POLYA 18
1239 amino acids in length and counsists of three distinet regions: an N-terminal exonuclease
domain connected by a linker domain to the C-terminal polymerase domain. The accessory
POLYB is 485 amino acids in length and the crystal structures of both mouse and human
POLYB have revealed the protein as a dimer with high simoilarities to anunoacyl tRNA
svothetases. POLYB acts as a processivity factor, which mcreases the affinity of the
polvmerase for DNA and promotes tighter nucleotide binding, thereby increasing the
polvmerase rate. See. e.g., Gustafsson, C.M,, ef af., “Maintenance and expression of
mantmahan nutochondrial DNA,” dme Rev. Biochem., 85:133-160 (2016) {Gustafsson
2016) and Farge. G.. er of., “The accessorv subunit B of DNA polymerase v s required for

mitochondrial replisome function,” Mucleic Acids Res., 35:902-911 {2007}

[(004] A primary biological role of POLy is 1o replicate the mitochondrial genome.
However, POLy cannot replicate the ds mtDNA alone. 1t acts together with a DNA helicase
{(TWINKLE) and the mitochondrial single-stranded DNA-binding protein (oiSSB).

TWINKLE is 684 amino acids in fength and forms a hexamer in solution. TWINKLE travels
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in front of POLy during ratDNA replication. unwinding the dsDNA and creating a single-
siranded (85} DNA template that POLy can utilize. The miSSB is 148 amino acids in length
and is active as a tetramer. It binds to ssDNA, protects this DNA against nucleases, and
prevents secondary structure formation so POLy can use ssDNA as a template lo synthesize
dsDNA. The miSSB enhances miDNA synthesis by increasing the processivity of POLy and
also stimulates TWINKLE’s helicase activity. POLy cannot initiate DNA synthesis de novo,
as it needs a short RNA primer to initiate DNA synthesis. In mitochondna, the mitochondrial
RNA polymerase (POLRMT) has a dual functiony 1t acts as an RNA polymerase involved in
miDNA transcription but it also synthesizes the primers needed to initiate mtDNA replication

from mutochondrial onigins of replication. See. e.g., Gustafsson 2016,

[000S] The mitochondrial genome encodes subunits of the oxidative phosphorviation
{(OXPHOS) system. The OXPHOS sysiem ts composed of four respiratory chain complexes,
which are responsible for electron transport and generation of the proton gradient across the
mitochondrial inner membrane. ATP synthase uses this proton gradient to produce ATP. See,
e.g., id The bipgenesis of the OXPHOS svstem i3 under dual genetic control and requires the
concerted expression of nuclear DNA and miDNA encoded genes. Mitochondria contain
multiple copies of ds mtDNA, which encodes 2 ribosomal RNAs (mt-rRNAs), 22 transfer
RNAs {(mt-tRNAs}) and 11 messenger RNAs {mt-mRNAs) producing 13 protein subunits of
OXPHOS complexes 1, T IV, and ATP synthase (sometime referred {o as complex V). The
biogenesis of the OXPHOS system is critically dependent on the ntDNA-encoded subuniis
as they typically have kev catalytic roles or are core subumnits for OXPHOS assembly. Similar
to the nuclear genome, expression of mammalian miDNA requires several essential steps,
ncluding genome maintenance, replication, transcription, RNA maturation, and translation.
All proteins involved in these processes are encoded in the nuclear genome, translated in the
cytosol, and imported o the mitochondrial network. Tt is estimaied that approximately one
quarter of the ~1200 nucleus-encoded mitochondnal proteins are devoted to the control of
mtDNA gene expression in mammals. See, e g, Shokolenko, LN, et ¢/, “Mrtochondrial
transcription in mammalian cells,” Fromt. Biosci. {(Landmark £d.}, 22:835-853 (2017). POLy
is required for miDNA synthesis and 1s thus essential for biogenesis of the OXPHOS system,
resulting nt ATP production. ATP production is in tum vital for energy homeostasis in the

cell.
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[0006] There are over 300 POLy mutations correlated to a broad clinical spectrum of
neurodegenerative and mitochondrial diseases. See, ¢ g, Rahman. 8, e/ al., "POLG-related
disorders and their neurclogical manifestations,” Nas. Rev. Newrol., 15:40-32 (2019)
{Rahman 2019). Many disease-causing vananis of POLy are associated with decreased

replication processivity of the mtDINA replication machinery. leading to replication stalling.

[0007] In view of the numerous and varied roles of POLy, the need exists for potent and

specific compounds that increase the processivily of POLy.
SUMMARY OF THE INVENTION

[CO08] Provided are compounds, pharmaceutically acceptable salis of the compounds, and
pharmacewtical compositions comprnsing the compounds or their salts {or inereasing the

processivity of POLy.

{0009} In embodiments, the present invention is directed to a compound, or a

pharmaceuntically acceptable salt thereof, represented by formula (I):

4
R4°::‘R;$

ity
wherein:

R! s selected from the group consisting of H, C1-Cs alkyl, CL F, CN, and O-C;-Cs alkyl
optionally substituted with one or more halogen;

R? 1s H or C1-Cx alkyvl optionally substituted with OR®;

R is each independently H or C1-Cs alky} optionally substituted with one or more
halogen or OH:

RY is C-R% or S, wherein one R¥ is C-R% and the other R* i3 8;
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7 is selected from the group consisting of C1-Ce alkvl. C1-Ce alkene, NROR®, SR,
COR®, CUORT, CLOMOR®, CHOINRR®. cyeloalkyl, heterocyelyl, arvl, heteroaryl.
heteroaryi-cycloalkyl, aryl-heterocyelyl, arvl-hetercaryl, and sulfonamide,

wherein the C1-Cs alkyl is optionally substituied with one or more groups each
independently selected from the group consisting of cycloalkyvl optionally substituted
with one or more halogen, phenyl, OR®, halogen, CIOINRR®, NRRS, NR-C{O)CH,
SORY, NH-80:R’, heterocycelvl, anvl, heteroaryl, and arvl-heteroaryi,

wherewn cycloalkyl 1s optionally substituted with one or more groups cach independently
selected from the group consisting of F, C;-Cs alkyl-OH, C1-Cs alkyl-G-C-Cs alkyl,
CIOYOR®, CLOMNRR®, NRR®, and NR*-C(OYCH;,

wherein heterocyclvl optionally contams another heteroatom that is N or O, and 13
optionally substitiied with one or more groups each independently selected from the
group consisting of F, OR®, kelo, U3-Cs cycloalkyl, C{OYCH;, CIONRR®, NH-
C{OR’, NH-SO:R’, and C-Cy alkyl that is optionally substituted with one or more F
or OH,

wherein arvl 15 optionally substituted with one or more groups selected from the group
consisiing of’

Ci-Ca alkyl that is optionally substituted with one or more groups each independently
selected from the group consisting of F, OH, and NR°R®,
{-Cs cveloatkyl that is substituted with NR'RS,
halogen,
CN,
OR’
C{ONRR®,
NRRS,
SOR",
SONR'R®,
SONHIR®,
(NRYNH)R®,
POORR’, and
4- or 5,6-membered heterocyclic ring optionally contaiming one or more additional

heteroatoms that is S or N, and 18 optionally substituted with one or more groups
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independently selected from the group consisting of £, CL OR’. N, C:-C4 alkyl. oxo,
and NR°R®,

whereain heteroaryl is optionally substituted with one or more groups each independently
selected from the group consisting of cycloalkyl optionally substituted with one or
more OH or F, CN, C{OINRR®, OR®, NR°R®, oxo, SO:R®, 3 4- to 6-membered
heterocyelic ring. and Ci-Cy alkyl optionally substituted with one or more groups sach
independently selected from the group consisting of F, NR'RE, OR®, and C{OINR RS,

wherewn the aryl-heterocyelyl 1s optionally subsiituted with one or more groups each
mdependently selected from the group consisting of Cl, F. and Ci-Cs alkyl that 1s
optionallv substituted with a group selected from the group consisting of OR®, Cl. and
F.

wherein the aryl-heteroaryl is optionally substituted with C1-Cs alkyl that is optionally

substituted with OR;

R® s independently H or €1-Cs alkvl;

R is selected from the group consisting of H, cyvclopropyl, and Ci-Cs alkyl optionally
substituted with cne or more groups selected from the group consisting of NR R,
OR’, and hal ogen,

R7 is cycloalkyl optionally substituted with one or more halogens;

noois -4

poois 12

with the proviso that a compound selected from the group consisting of:

(- F-(8-fluorochroman-4-v1}-3-{5-(tetrahy dro-2 H-pyran-4-yhthiazol - 2-yDurea,
1-{chroman-4-vi}-3-{4-cvclobutylthiazol-2-vurea,

1-{((3R 4R}-3~(hvdroxymethylchroman-4-y13-3-(4-{methoxymethvi)thiazol-2-y i hrea,
and

1-{(5-cyclopropylthiazol-4-y1}-3-{(3R 4R}-3-(hydroxymethy Hichroman-4-vhurea, is

excluded.

[(010] Further embodiments of the present invention are compounds of formula (1) and their
pharmaceutically acceptable salis wherein one or more hvdrogen is substituted with a

deuterium atom,

¥4
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{001 1] Additional embodiments of the jovention are pharmaceutical compositions
comprising a compound of the invention, a pharmaceutically acceptable salt thereof and one

or more pharmaceutically acceptable excipients.

DETAILED DESCRIPTION OF THE INVENTION

Pefinitions

[0012] The term “alkvl” as used herein refers to both branched- and straight-chain saturated
aliphatic hydrocarbon groups having the specified number of carbon atoms in a specified
range. For example the term “Ci-Cr alkyl” means linear or branched chain alkyl groups,
mncluding all possible isomers, having 1, 2, 3,4, 5, 6, or 7 carbon atoms. Furthermore, alkyl
eroups allow for substituents to be located on any of the carbon atoms. For exanple, a
substituted Cs alkyvl group allows for the substituent to be located on anv one, or more, of the

three carbon atoms.

[0013] The term “alkoxy™ or “alkoxyl™ as used heremn refers to an -O-alkyl group. For
exanple, the term “Ci-Ca alkoxyl” means -0-C1-C4 alkyl. In certain embodiments. alkoxy
may be representad by “OR” wherein R 1s an optionally substituted alkvi group. Examples of

alkoxyl include methoxyl, ethoxyl, propoxyl {e.g., n-propoxyvl and 1sopropoxyl), and the like.

{0014] The term “azole™ as used herein refers to a class of five-membered heterocvclic
compounds containing a nitrogen atom and at least one other non-carbon atom (ke mitrogen,
sulfur, or oxygen) as part of the ring. Examples of azole rings include, but not himuted to,
pyrrole, furaran, pyvrazole, thiazole, oxazole, triarole, thiadiarole. oxadiazole, imudazole, 1,2
pyrazole. 2,3 thiazole, 2.4 thiazole, 2,3 oxazole, 1,2.4 inazole, 1,2.4 thiadiazole, and 1,2.4

oxadiarole.

[0015] The term “halogen™ or “halo” as used herain refers any of the six nonmetallic
elements that constitute Group 17 (Group VHa) of the periodic table. The halogen elements
mclude, but are not limited to, fluorine or fluoro (F), chlorine or chlore {C1), bromine or

bromo (Br), and iodine or iodo (1),

[0016] The term “cvcloalkyl” as used herein refers to a completely saturated or partially
unsaturated cyclic group that includes monocvclic or mudticyclic ring system. In certain
embodiments, cycioalbyl groups contain 3 (o 14 carbon atoms 1o the ring svstem (“Ca-Ciay

cvcloalkyl™). In certain embodiments, each of the cycloalkyl rings may contain one or more
6
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double or iriple bonds. Examples of cvcloalkvl include. without hinutation, cvclopropyl,
cvelobutvl. cvelopentyl, cvelohexyl. bicyclof[2 2 Ofhexane, octahvdro-1H-indene,

decahvdronaphthalene. and tetradecahydroanthracene.

[0017] The term “heterocyelvl™ refers (o a cycloalkyl group, as described above, in which at
least one or more hetercatoms are present in a ving that includes, but is not limited to,
nitrogen (N}, oxygen {0}, and sulfur {8} atoms, wherein the heteroatom may be oxidizad,
e.g., NGO, SO, 80,, S04, and the N may be guaternized. In certain embodiments, heterocvelyl
groups contain 3 (o 14 aloms in the nng sysiem (73- to 14-membered heierocyclyl™)
Heterocyclvl can be attached to the core structure via a ring carbon atom or aring
heteroatom. Typical monocyclic heterocyclvl rings include. but are not imited to, azetidinvl,
pyrrolidyl, oxetanyl, pyvrazolinyl, imidazolinyl, imidazolidinyl, oxazolidinyl, isoxazolidinyi,
thiazolidinyl, 1sothtazolidinyl, tetrabydrofuryl, pipendyl, piperazinyl, hexahydrogzepmyl, 4-
piperidonyl, tetrahydropvranyl, morpholinv, thiomorpholinyl. 1.3-dioxanvl, and tetrahydro-

1,1-dioxythienyl

[0018] The term “aryl™ as used herein refers to a monocyclic or multicyclic ing system
having the characteristics of a conjugated pi-electron system. To certain embodiments, anvl
groups contain 4 to 14 carbon atoms in the ring system (“Ca-Cry arvl™). Fused aryl groups
may include an aryl ring {(¢.g., a phenyl ring) fused to another arvl ring. Examples, without
hiutation, of arvl groups include phenyl, biphenyl, naphthalenyl, anthracenvl, and

phenantherenvl

[0019] The term “heteroarvl” or “heteroaromatic™ as used herein refers to an arvl group, as
described above, containing one or more heteroatoms that includes. but is not limited to, N,
O, and S atoms, wherein the heteroatom may be oxidized, e.g., NG, 8O, 8O, 804, and the N
mayv be quatermized. In certain embodiments, heteroaryl or heteroaromatic groups confan 4 1o
14 atoms in the ring system (4~ to 14-membered heteroarvl”). Examples, without linutation,
include pyridyl, pyrrolyl, pyrazinyl, pyvrimidinyl, pyridazinyl, triazinyl, thienyl, furanyl,
imidazolvl, pyrazolyl, trazolyl (ie., 1,2 3-inazolyl or 1.2, 4-inarolvl), tetrazolyl, oxazolyl,
isooxazolyl, oxadigzolvi (F e, 1.2.3- 1.2,4~. 1.2.5-(furazanvl), or L.3.4~1s0mers). oxatnazolyl,
thiazolyl. isothiazolyl, thiadiazolyl, benzofuran, benzothiazolvl, benzinudazolyl,

benzoxarolyl, benzisoxazolyl, benzothiazolyl, benzoxadiazolyl, benzpyrazinvl, indolyl,
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ndazolvl, indoliziny, ptendinyl, purinyl, phthalariny], quinazohnyl, qunoliovl, and

quinolizinyl.

[0020] The term “arvi-cycloalkyl™ as used herein refers 1o an aryl group, as defined above,

that 15 fused to a cveloalkyl group, as defined above, by any two or more aloms in the ring. In

14-membered arvl-cvcloaltkyl™). Aryi-cycloalkyl can be attached to the core structure via a
ring carbon atom on the arvl ring or on the cyeloalkyl ring. Examples of aryl-cycloalkyl
include, but are not limited to, indane, indene, tetrahydronaphthalene, 1.4-

dihydronaphthalens, and bicyvelo{4.2.0Jocta-1,3 5-triene.

[0021] The term “arvl-heteroary]” as used herein refers to an arvl group, as defined above,
that 1s fused 1o a heteroaryl group. as defined above. Examples of aryl-hetercaryl include

guinoline, quinazoline, quinoxaling, and benzofuran.

[0022] The term “heteroarvi-cyeloalkvl™ as used herein refers 1o a hetercaryl group, as
defined above, which is {fused to a cveloalkyl group. as defined above, by any two or more
atoms in the ring. In certain embodiments. heteroarvi-cycloalkyi groups contain 6 to 14 atoms
it the ring system ("6~ to 14-membered heteroarvl-cycloatkyi™). Heteroaryl-cveloalkyl can be
attached to the core structure via a ring carbon atom or heteroatom on the aryl ring or via a
carbon atom on the cycloalkyl ring. Examples of heteroaryi-cyveloalkyl include, but are not
himited to, 1.4.5 6-tetrahvdrocyelopentalblpyrrole, 4,5.6.7-tetrahvdro- 1 H-indole, 2,3~

cvelopentenopyridine, and 5,6,7 R-tetrahydroguinoline.

{0023} The term “arvi-heterocyelvl™ as used herein refers Lo an aryl group, as defined above,
which is fused to a heterocyely! group, as defined above, by anv two or more atoms in the
ring. In certain embodiments, aryl-heterocvelyi groups contain 6 to 14 atoms in the ring
system (“6- to 14-membered aryi-heterocyclyl”™). Aryl-heterocyclyl can be attached to the
core structure via a ring carbon atom on the aryl ring or a ring carbon atom or heteroatom on
the heterocyclyl ring. Examples of aryl-heterocyclyl include, but are not limited fo.
benzopyran, chromane, 4//-chromene. isochromane. thiochromane, isothiochromane, 1,2,.3.4-
tetrahy droquinoling, 1,23, 4-tetrabvdroisoquinoline, 2 3-dihydrobenzofuran, 1,3-
dibydroisobenzofuran, 2.3-dihydrobenzofblthnophene, 1,3-dihydrobenzo{cjthiophene,

indoline. isoindoline, and benzdioxane.
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[0024] The term “heteroarvi-heterocvelvl™ as used herein refers to a heteroarvl group, as
defined above, which is fused to a heterocyelyl group. as defined above, by anv two or more
atoms in the ring. In certain embodiments, heteroarvi-heterocyclyl groups contain 6 to 14
atoms ut the ring system (76~ to 14-membered heteroaryl-heterocy clyl™). Hetleroasyl-
heterocyclvl can be attached to the core struciure via a ring carbon atom or heteroatom on the
aryl ring or a ring carbon atom or heteroatom on the heterocyclyl ring. Fxamples of aryl-
heterocyelyl include, but are not limiled to 2,3-dihyvdro-12.2.622-pvrrolo{ 2,3-bpyrrole, 4,7-
dihydro-SH-12.2,62-pyrrolol 2, 3-clpyridine, 5.7-dihy dro-Ga.2-pyrrolo[3,4-blpyridine, and 3.4-

dihvdro-24-137-1,8-naphthyridine.

[0025] The term “optionally substituted” or “opticnal substituents™ as used herein means that
the groups are either unsubstiiuted or substituted with one or more of the substituents
specified. When the groups are substituted with more than one substituent, the substituenis
may be the same or different. Furthermore, when using the terms “independently.”
“independently are.” and “independently selected from™ means that the groups may be the

same or different.

[0026] The term “deuteriom” as used herein refers 1o an isotope of hydrogen that has one
proton and one neutron n its nucleus and that has twice the mass of ordinary hydrogen.

Deuterium herein is represented by the symbol “D”.

[0027] The term “dewterated” bv itsalf or used to modify a compound or group as used herein
refers 1o the presence of at feast one deuterium atom attached to carbon. For example, the
term “deuterated compound” refers to a compound which contains one or more carbon-bound
deutertunys). In a deuterated compound of the present invention, when a particular position is
designated as baving deutenum, it 1s understood that the abundance of deuteriurm at that
posttion is substanitally greater than the natwral sbundance of denterium, which is about

0.015%.

{0028} The term “undeuterated” or “non-deuterated”™ as usad herein refers 1o the ratio of
deuterium atoms of which is not more than the natwral isotopic dewtenium content, which is
about §.015%; 1n other words, all hydrogen are present at their natural isotopic percentages.
Unless otherwise stated, when a position is designated specifically as “H” or “hydrogen”, the

position is understood to have hydrogen at its natural abundance isotopic composition.
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[0029] The term “pharmaceuiically acceptable salt” as used herein refers to a salt that s not
biologically or otherwise undesirable {e.g., not toxic or otherwise harmful). A saltofa
compound of the invention is formed between an acid and a basic group of the compound, or
a base and an acidic group of the compound. For example, when the compounds of the
invention contain at least one basic group (7. ¢.. groups that can be protonated), the invention
includes the compounds in the form of their acid addition salts with organic or inorganic
actds such as, for example, but not limited to, salts with hvdrogen chloride, hvdrogen
bromiide, phosphaoric acid, sulfuric acid, nitric acid, benzenesul{onic acid, acetic acid, citric
acid, glutamic acid, lactic acid, and methanesuifonic acid. When compounds of the invention
contain one or more acidic groups {e.g., a carboxylic acid), the invention includes the
pharmaceutically accepiable salts of the cornpounds formed with, but not imited to, alkah
metal salts, alkaline earth metal salts or ammonium salis. Examples of such salts include, but
are not limited fo, sodium salts, potassium salis, caleium salls, magnesium salls, or salts with
ammonia or organic amines such as, for example. ethvlamine, gthanolamine, iriethanolamine,
ot amino acids. Additional exarples of such salts can be found in Stahl, P. B eral |
Handbook of Pharmaceutical Salts: Properties, Selection, and Use, 2™ Revised Edition,

Wiley, 2011
Compeounds

10030} In embodiments, the present invention is directed to a corapound, ora

pharmaceutically acceptable salt thereof, represented by formuda ()

(R%),

)

whersin:

10
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is selected from the group consisting of H, Ci-Csz alkyl, CL F. CN. and O-C;-Cs alkyl
optionally substituted with one or more halogen;

is H or C:-Cz alky! optionally substituted with OR?;

is each independently H or Ci-Cyalky! optionally substituted with one or more
halogen or OH;

is C-R% or §, wherein one R* is C-R° and the other R* 15 §;

is selected from the group consisting of C1-C atkyl, 05-Co alkene, NRRS, SR,
C{OR®, CLOMRT, COXOR®, CLOINRRE, cycloalkyl, heterocyelyl, arv, heteroaryl,

heteroaryl-cycloalkyl, arvi-heterocvelyl. arvl-heteroaryl. and sulfonamide,

wherein the C1-Cs alkvl 18 optionallv substituted with one or more groups each

independently selected from the group consisting of cycloalkyl optionally substituted
with one or more halogen, phenyl, OR®, halogen, C(OINRR®, NRIR®, NR>-C{O)CH;,

SRS, NH-SORR®, heterocyelyl, arvl, heteroaryl, and aryl-heteroaryl,

wherein cycloatkyl is optionally substitited with one or more groups each independently

selected from the group consisting of F, €-Cs alkvl-OH, (5-Cs alkyl-0-C1-Ca alkyl,
CIOYOR’, CLOWNRR. NEPR®, and NR-C(OYCH;,

wherein heterocyelvl optionally containg another heteroatom that is N or G, and is

optionally substituied with one or more groups each independently selected from the
group consisting of F, OR?, keto, (-Cs cvcloalkyl, C{OYCHs, CIOINRRS, NH-
C{O)R®, NH-SO:R’, and C;-Cy alky! that is opticnally substituted with one or more F
or OH,

wherein arvl is optionally substituled with one or more groups selected from the group

consisting of:

C:-Cy alkyl that is optionally substituted with one or more groups each independents
selected from the group consisting of F, OH, and NRR®,
{3-Ce cycloatkyl that is substituted with NR'RS,
halogen,

N,

OR’,

COWNRR®,

NRR®,

SOR®,

SONRR®,

i1
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SO(NHIR®,

SONRWNH)RS,

POWRCR®, and

4- or 3,6-membered heterocyclic ring optionally contaimng oue or more additional
heteroatoms that is § or N, and is optionally substituted with one or more groups
independently selected from the group consisting of F. Cl, OR®, N, C:i-C4 alkyl. oxo,
and NRRE

wherein heteroary! is optionally substituted with one or more groups each independently
selected from the group consisting of cycloalkyl optionally substituted with one or
more OH or F, CN, CIOINR’RS, OR’, NR°RY, ox0. SRS, a 4- to 6-membered
heterocyclic ring. and Ci-Cy alkyl optionally substituted with one or more groups each
independently selected from the group consisting of ¥, NR'RS, OR®, and C{OINRRS;

wherein the aryi-heterocvelyl is optionally subsiituted with one or more groups sach
independently selected from the group consisting of CL F, and Cri-Ca alkyl that s
optionally substituted with a group selected from the group consisting of OR3, ClL and
F:

wherein the arvi-heteroaryl i3 optionally substituted with Ci-Cs alkyi that is oplionally

substituted with OR>;

R is independently H or C1-Cs alkvl;

RS is selected from the group consisting of H, eyclopropyl, and €1-C's alkyl optionally
substituted with one or more groups selected from the group consisting of NRR®,
OR’, and halogen;

R"1s cycloalky! optionally substituted with one or more halogens:

nois 1-4;

pois1-2;

with the proviso that a compound selected from the group consisting of:
{S}-1-(8-Tluorochroman-4-y1)-3-(S-(tetrahy dro-2H-pyran-4-vlthiazol-2-vijurea,
1-{chroman-4-yi}-3-(4-cyclobuly thiazol-2-yDurea,
1-{(3%.4K)-3~(hvdrosyroethy Dchroman-d-yv1)-3-(4-(methoxymethy Dthiazol - 2y Durea,
and
1-(5-cyclopropylthiazol-d-v13-3-((GR,4R)-3-(hy droxymethy i ichroman-4-yurea, is

excluded.



WO 2025/019407 PCT/US2024/038000

[0031] In embodiments. the present invention 1s directed to a compound. ot a

pharmaceutically acceptable salt thereof, represented by formula (1) wherein:

RY is selecled from the group consisting of H. C1, F. and G-Cy alky! oplionally
substituted three halogens:

R? s H:

R IsH:

RY is C-R% or §, wherein one R* is C-R% and the other R* i3 §;

7. is selected from the group consisting of C3-Cs alkvi, €2 alkene, NR'R®, SR, C{O)R®,
C{OR". CLOYOR, CLOINRR®, cveloatkyl, heterocyelyl, arvl, heteroaryl, heteroarvi-
cycloalkyl, and sulfonamide,

wherein the C1-Cs allyvl is optionally substituted with one or more groups each
mdependently selected from the group consisting of cyclopropyl, cyvclobuiyl
optionally substitated with one or more ¥, OR’, halogen, NR’RS, and NH-SOuR5.

wherein cycloatkyl is optionally substituted with one or more groups sach independently
selected from the group consisting of F, CHy-OH, CHR-0-CH;, and C(OYOR’,

wherein heterocyclyl opiionally contains another heteroatom that 1s N or O, and s
optionally substituied with one or more groups each independently selected from the
group consisting of F. OR®. and C; alkv] optionally substituted with one or more F,

wherein arv1s optionally substiiuted with one or more groups selected from the group
consisting of’
€4-Cx alkyl that is optionally substituted with NR'R®,
halogen,

CN.

OR’,

C{OINRR,

SO2RE,

SONRIR®,

SOMHIR’,

SONRYNHIR,

PCOWR R’ and

S-membered heterocyclic ring optionally containing one or more additional

heteroatoms that 15 S or N, and is optionally substiiuted with one of more oxo,

i3
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wherein heteroaryl is optionally substituted with one or more groups each independently
selected from the group consisting of cyclopropyl, cvclobutvl optionally substituted
with one or more OH or F, CN, C{O)NR R, SO:R®, a 4- to 6-membaered heterocyclic
ring, and C1-Cs alkyl optionally sebstituted with one or more groups each
independently selected from the group consisting of . NR’R®, and OR”;

wherein the aryl-heterocyvelyl is optionally substituted with one or more groups each
independently selected from the group consisting of Cl, F, and Ci-Caalkyl that s
optionally substiuted with one or more groups selected from the group consisting of
OR’_Cl and F:

wherein the aryl-heteroaryl is optionallv substituted with Ci-Cs alkvi that is optionally

substituted with OR;

R’ is independemily H or €1 alkyl;

R® is selecied from the group consisting of H. cyclopropyl, and C;-Cs alky! optionally
substituted with one or more groups selected from the group consisting of NR'R?,
OR®, and halogen;

R’ is cvelobuty] optionally substituted with one or more halogens;

n oisi;

p sl

with the proviso that a compound selected from the group consisting of
{$)-1-(8-fluorochroman-d4-y1)-3-(5-{tetrahy dro-2H-pyran-4-yljthiazol-2-vljurea,
1-{chroman-4-y1}-3-{4-cyclobuiythiazol-2-vurea,
1-({(3R.4R)-3~(hydroxyroethy ehroman-4-y13-3-{4-(roethoxymethy Hthiazol-2-ylurea,
and
1-(5-cyclopropylthiazol-4-vi}-3-((3R 4R)-3-(hy droxvmethylichroman-4-yurea, is

excluded.

[0032] To embodiments, the present invention 15 directed to a corapound. or a
pharmaceutically acceptable salt thereof. represented by formula (I) wheremn:
R' s selected from the group consisting of H. Cl, and F;
R* s H;
RY s H;

R* is C-R° or 8, wherein one R* is C-R7 and the other R*is §;

14
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RS

Rﬁ

0

p

Ci-Ca alkyvl s optionally substituted with one or more groups each independently
selected from the group consisting of cyclopropyl, OR®, halogen, and NRRS,

is independently H or Cy alkyl;

is selected from the group consisting of H, cyclopropyl, and Cy-Cs alkyl optionally
substituted with one or more groups selected from the group consisting of NR°R?,
OR’, and halogen;

is 1: and

s 1,

{00331 In embodiments, the present invention is directed to a compound, or a

pharmaceutically acceptable salt thereof, represented by formulda (I) wheren:

R 1
RZ
RS
R

RS
RG

n

is selected from the group consisting of H, CL, and F;

ts H;

s H:

is C-R3 or 8, wherein one R* is C-R? and the other R* 15 8;

iz aryl substituted with one or more groups selected from the group consisting of.
halogen,

C{ONRR®, and

SONRIRE;

1s idependently H or Cyalkyl;

is selected from the group consisting of H, cyclopropvl. and Ci-Cs alkyl optionally
substituted with one or more groups selected from the group consisting of NRR?,
ORS, and halogen;

is 1; and

151,

[0034] In embodiments, the present invention is directed to a compound, ora

pharmacentically acceptable salt thereof, represented by formuia (I) wherein:

Rl
RZ
Rr

1s selected from the group consisting of H, CL, and F;
ts H;
s H;

is C-R® or 8, wherein one R* is C-R° and the other R*is §;

15
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7 heterocyclvl optionally contains another heteroatom that 1s N or O, and is optionally
substituted with one or more groups each mdependently selected from the group
consisting of F, OR®, and €; alkyl optionally substituted with one or more F,

RS is independently H or Cy alkyl:

i sl and

p sl

[0035] In embodiments, the present mvention is directed to a compound, ora

pharmaceutically acceptable sall thereof, represented by formula (1)

{an
whersin:

R? is H or C1-Cs alkyl optionally substituted with OR®;

R¥ is gach independently H or Ci-Cs alkvl optionally substituted with one or more
halogen or OH;

R* is C-R% or 8, wherein one R’ is C-R’ and the other R is §;

7 is selected from the group consisting of C1-Cq alkvl, Ci-Cs alkens, NR'RS, SRS,
CIORS, CUOMHRT, CHOMOR®, CIOMNRR®, cycloalkyl, heterocyelvl, arvl, heteroaryl,
heteroarvi-cycloalkvl, arvl-heterocvelyvl, and arvl-heteroarvl,

whaerein the {1-Cs alkyl is optionally substituted with one or more groups each
mdependently selected from the group consisting of cycloalkyl optionally substituted
with one or more halogen, phenyl, OR®, halogen, CIOINRR®, NRR®, NR™-C(O)CHa,
SOR°, NH-SOR. heterocyclyl. arvl. heteroarvl, and aryl-heteroarvl,

wherein cvcloalkyl is optionally substituted with one or more groups each independently
selected from the group consisting of F, Ci-Cs alkyl-OH, Gi-Cs alky1-0-Cy-Cs alkyl,
CIOOR, C{OINRIRE, NRR?, and NR-C(O)CH,

16
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wherein heterocvelyl optionally contains another heteroatom that is N or Q. and s
optionally substituted with one or more groups each independently selected from the
group consisting of F, OR®, keto, C3-Cs eycloatkyl, C{OHCH:, C(OINRRS, NH-
COMR®, NH-SOuRY, and C1-Cy alkyl that 15 optionally substituted with one or more F
or OH,

wherein arvl is optionally substituted with one or more groups selected from the group
consisting of!

Ci~Cqalkyl that is optionally substituied with one or more groups each independently
selected from the group consisting of F, OH. and NR°R®,

C3-Co cycloalkyl that is substituted with NRR®,

halogen,

OR’,

C{ONRRS,

NRRE,

SO.RS,

SONRRE,

SO{NH)R?,

SONRHNHIR®,

PORRS, and

4- or $,6-membered heterocyclic ring optionally containing one or more additional
heteroatoms that ts S or N, and is optionally substituted with one or more groups
independently selected from the group consisting of F, CL OR®, CN, -4 alkvl. oxo,
and NRR®,

wherein heteroaryl 1s optionally substituted with one or more groups each mdependently
selected from the group consisting of cycloaikyl optionally substituted with one or
more OH or F, CN, C{O)NR'R®, OR™. NR'R®, oxo, SO:R’, a 4- to 6-membered
heterocyelic ring, and Ci-Ca alkyl optionally substituted with one or more groups each
independently selected from the group consisting of F, NR*R®, OR®, and C{ONRR®:;

wherein the aryl-heterocyvclyl is optionally substituted with one or more groups each
mdependently selected from the group consisting of C1, F, and C1-Cs alkyi that 13
optionally substituted with a group selected from the group consisting of OR°. CI, and

F:

[
~1
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wherein the arvi-heteroary! is optionally substiiuted with C-Cs alkvl that is optionally

substituted with OR”:

R ig independently H or C1-Cs atkyl;

R® is selected from the group consisting of H, cvelopropyl, and C1-Cs alkyl optionally
substituted with one or more groups selected from the group consisting of NR°R?,
OR’, and halogen;

R7is cveloalkyl optionally substituted with one or more halogens;

p is1-2;

with the proviso that a compound selected from the group consisting of!
(3)-1-{&-fluorochroman-4-y1)-3-( 5-{tetrahvdro-2 H-pyran-d-vhithiazol-2-v1l prea,
I-(chroman-4-y1}-3~(4-cvclobuty lthiazol-Z v urea,
1-{(3R 4R)-3-(hyvdroxymethyDchroman-4-y1)-3-(4-(methoxymethy Lthiazol - 2-vurea,
and
{-{S~cyclopropyithiazol-4-v1}-3-{{3R 4R)-3-(hydroxy methyvchroman-4-vhurea, i3

excluded.

[0036] In embodiments, the present invention is directed to a compound, ora

pharmaceuticallv acceptable salt thereof, represented by formula (1) wherein:

R? is H;

R isH;

R* 15 C-R> or 8, wherein one R% 1s C-R3 and the other R*1s 8

7 1is selected from the group comsisting of Ci-Cs alkvl, NRPRS, SR>, CIOINRRS,
cycloalkyl, heterocvcelyl, aryl, and heteroaryi,

wheren the C1-Cs alkyl 1s optionally substituted with one or more groups each
independently selected from the group consisting of cyclopropyl, OR?, halogen, and
NRR®,

wherein cvcloalkyl is optionally substituted with one or more F,

wherein heterocyclyl optionally contains another heteroatom that 1s N or O, and is
optionally substituied with one or more groups gach independently selecied from the
eroup consisting of F, OR®, and Ty alkyi optionally substituled with one or more F,

wheretn arvl is optionally substituded with one or more groups selected from the group
consisting of’
C:-Cs alky! that is optionally substituted with NR'RE,

18
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halogen,
CIN.
OR’,
C(OINRR®,
SOR®,
SONRR®,
SONHR,
SONRUNH)R?,
POWRR’. and
S-membered heterccyclic ring optionally containing one or more additional
heteroatoms that is S or N, and is optionally substituted with one or more oxo,
wherein heteroaryl is optionally substituted with one or more groups each ndependently
selected from the group consisting of cyclopropyl, CN, C{ONRRE, SO:R® 2 4- 10 6-
membered heterocvelic ring, and C1-Cs alkyl optionally substituted with one or more
groups each independently selected from the group consisting of F, NRRS, and OR?;
wherein the arvl-heterocyclyl is optionally substituted with one or more groups each
mdependently selected from the group consisiing of CL, F, and Ci-Cs alkyl that is
optionally substituied with one or more groups selected from the group consisting of
ORS, (L and ¥,
wherein the aryl-heteroarv] is optionally substituted with C1-Cz alkyl that is optionally
substituted with ORY;
R* is independently H or Cj alkvl
R® is selected from the group consisting of H. cvelopropyl, and C:-Ca alky! optionally
substituted with one or more groups sefected from the group consisting of NR°R®,
OR’, and halogen;
p sl
with the proviso that a compound selected from the group consisting of!
{5}~ 1-(B-fluorochroman-d-y1)-3-(S-(tetrahy dro-2 H-pyran-4-y1ithiazol-2-yDurea,
1~{chroman-4-y1}-3-(4-cyclobutylthiazol-2-y Hurea,
1-{(31 41)-3-(hy droxymethy ichroman-4-y13-3-(4-(methoxymethythiazol-2-y hurea,
and
{-(5~¢yclopropythiazol-4-v13-3-((3R 4R)-3~{hydroxymethyviichroman-4-vhurea, is

excluded.

1%
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[0037] In embodiments. the present invention 1s directed to a compound. ot a

pharmaceutically acceptable salt thereof, represented by formula (I1) wheremn:

RZ

RJ
R'-l

is H;
is H;
is C-R3 or 8, wherein one R* s C-R? and the other R*1g §;

ts C1-Cs alkyl ts optionally substituted with one or more groups each independently
selected from the group consisting of cvclopropyl, OR®, halogen, and NR'R?,

is independently H or Cy alkyvl;

is selected from the group consisting of H, cyclopropyl, and Ci-Ca alkyl optionally
substituted with cne or more groups selected from the group consisting of NR R,
OR3, and halogen; and

s 1

[0038] In embodiments, the present invention is directed 1o a corapound, or a

pharmaceutically acceptable salt thereof, represented by formula () wherein:

R?
R3
R4
7

RS
R6

is H:

is H;

is C-R3 or S, wherein one R is C-R® and the other R*is §;

is aryl substituted with one or more groups selected from the group consisting of:
halogen,

C(OWNRR®, and

SONRR™

is independently H or Cy alkyl;

is selected from the group consisting of H, ¢yclopropyl. and Ci-Cs alkyl optionally
substituted with one or more groups selected from the groap consisting of NRR?,
OR’, and halogen: and

is 1.

{0039} In embodiments, the present invention is directed to a compound, ora

pharmaceutically accepiable salt thereof, represented by formula (11} wherein:

RZ

1s H;
s H:
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RY is C-R°or S, wheretn one R* is C-R° and the other R* i5 §;

Z  is heterocvelv] optionally containg another heteroatom that 1s N or O, and is optionally
substifuted with one or more groups each independently selacted from the group
consisting of F. OR®, and C1 alky] optionally substituted with one or more T,

R’ is independently H or {1 alkvi; and

p sl

{0040} In embodiments, the present mvention is directed to a compound, ora

pharmaceutically acceptable sall thereof, represented by formuda (HI):

Clal

(i
whersin:

RY 1s C-R% or 8, wherein one R* is C-R3 and the other R* 15 §;

o

Z is selected from the group consisting of Cy-{5 alkvl, C1-Cs alkene, NRR®, SR?,
C{OR®, C{OWR, C{OYOR?, CLOINRRE, cycloalkyl, haterocyclyl, aryl, hateroaryl,
heteroaryl-cycloalkyl, and sulfonamide,

wherein the C1-Cs alkyl is optionally substituted with one or more groups each
mdependently selected fromw the group consisiing of cycloalkyl optionally substituted
with one or ruore halogen, OR®, haloger, NRPR®, and NH-SO.R’ wherein cveloatky]
is optionally substituted with one or more ¥, C;-Cy alkyl-OH, C-C: alkyl-0-C -5
alkyl, C{OYOR®,

wherein heterocyclyl optionally contains another heteroatom that is N or O, and is
optionally substituted with one or more groups each independently selected from the
group consisting of F. OR’. and C; alky] optionally substituted with one or more F,

wherein arvl is optionally substituted with one or more groups setected from the group

consisting of
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C1-Ca alky] that is optionally substituted with NR°R®,

halogen,

CN,

OR’,

C{OINRRS,

SRS,

SONRRS,

SONHIR?,

SINRYNH)R,

PORR’, and

S-membered heterocyclic ring optionally contaiming one or more additional

heteroatoms that is § or N, and 13 optionally substituted with one or more oxo,
wherein heteroaryl is optionally substituted with one or more groups each independently

selected from the group consisting of cveloalkyl optionally substituted with one or

more OF or F. ON. C{OINRR®. SOuRS, a 4- 10 G-membered heterocychic ring, and

C:-C; alkyl optionally substituted with one or more groups each independently

selected from the group consisting of F, NR°R®, and OR5;

wherein the aryl-heterocycivl is optionally substituted with one or more groups each
independently selected from the group consisting of Cl, F, and C1-Ca alkyl that is
optionally substituted with one or more groups selected from the group consisting of
OR’ ClL and F;

wheretn the aryl-heteroary! is optionally substituted with C1-Cs alkyl that s optionally

substituted with OR;

R is independently H or Cy alkyl;

R® is selected from the group consisting of H, cyclopropyvl, and Ci-Cs alky] optionally
substituted with one or more groups selected from the group consisting of NR’R?,
ORS, and halogen;

R71s eyveloalkyl optionally substituted with one or more halogens:

with the proviso that a compound selected from the group consisting of!
{(S)-1-{&-fluorochroman-4-y1}-3-{3-(tetrahy dro-2 H-pyran-4-vhthiazol-2-yurea,
1-{chroman-4-yi}-3-(4-cvclobutylthiazol-2-vurea,

(3R 4R)-3-(hvdronymethy Dchroman-4-y1-3-(4-(methoxvmethy Hthiazol -2~y urea,
and
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1-{5-cyclopropyithiarol-4-y1}-3~{(3R.4R}-3-(hydroxy methy chroman-4-vhurea, 15

excluded.

[0041] In embodiments, the present tnvention is direcied (0 a compound, or a

pharmaceuticallv accepiable salt thereof, represented by formula (HI) wherein:

RY is C-R% or 8, wherein one R*is C-R% and the other R 18 §;
Z 15 C1-Cs alkylis optionally substituted with one or more groups each mdependently
selected from the group consisting of cyclopropyl. OR’, halogen, and NR*R®,

; and

R’ is independently H or {y alkyl;
RS is selected from the group consisting of H, cyclopropyl, and €:-Cs alkyl optionally
substituted with one or more groups selected from the group consisting of NRR,

OR’, and halogen.

[0042] In embodiments, the present invention is directed to a compound, ora

pharmaceutically acceptable salt thereof, represented by formuda (1) wherein:

R* is C-R% or 8, wherein one R is C-R® and the other R¥ 18 §;

Z s NRPRY;

RS is independently H or € alkyl; and

RY is selecied from the group consisting of H, cyclopropyl, and Ci-Cs alkyl optionally
substituted with one or more groups selected from the group consisting of NR R

OR’. and halogen.

[0043] In embodiments, the present invention 1s directed to a compound, or a

pharmaceuticallv acceptable salt thereof, represented by formula (11) wherein:

R* is O-R% or 8, wherein one R* is C-R’ and the other RYis §;

7 is C(ONRRY;

R is independently H or {1 alkvi; and

RS is selected from the group consisting of H, cyclopropyl, and C-C alky! optionally
substituted with one or more groups selected from the group consisting of NRR®,

OR’, and halogen.

[0044] In embodiments, the present invention is directed to a compound, or a

pharmacentically acceptable salt thereof, represented by formula (11} wherein:
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RY is C-R°or S, wheretn one R* is C-R° and the other R* i5 §;
7 1is cvcloalkyl is optionally substituted with one or more F; and

R ig independently H or Cy alkyl.

[0045] In embodiments, the present invention is directed to a compound. or a

pharmaceutically acceptable salt thereof, represented by formula (11 wherein:

RY s C-R3 or 8, wherein one R* 1s C-R3 and the other R s §:

Z s heterocyelyl that optionally contains another hetercatom that is N or Q. and is
optionally substituted with one or more groups each independently selected from the
group consisting of F, OR®, and €y alkyi optionally substituted with one or more F;
and

R’ is independently Hor Cralkyl

[0046] In embodiments, the present invention is directed to a compound, ora

pharmaceutically acceptable salt thereof, represented by formuda (1) wherein:

R* is C-R% or 8, wherein one R is C-R® and the other R¥ 18 §;
Z s aryl that is optionally subsiituted with one or more groups selected from the group
consisting of’
C1-Ca alkyl that s optionally substituted with NRR®,
halogen,
CIN.
OR’,
C(OINRR®,
SO:R",
SONRR®,
SONHRS,
SONRYNH)R’,
POWRCR’. and
S-membered heterccyclic ring optionally containing one or more additional
heteroatoms that 15 S or N, and is optionally substituted with one or more oxo;

R is independently H or Cy alkyl; and
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R(j

15 selected frovo the group consisting of H. cyclopropvl. and Ci-Cs alkyl optionally
substituted with one or more groups selected from the group consisting of NRR®

OR’, and halogen.

[0047] In embodiments, the present invention is directed to a compound. or a

pharmaceutically acceptable salt thereof, represented by formula (11 wherein:

R4
£

R6

is C-R% or 8, wherein one R* is C-R and the other R¥ 18 §;

is heteroarvi that i1s optionally substituted with one or more groups each independentily
selectad from the group consisting of cvclopropvl, ON, C{OINRRS, SRS 3 4- 1o 6-
membered heterocvclic ring, and C-Cs alky! optionally substitated with one or more

groups sach independently selected from the group consisting of F, NRORS, and OR3;

> is independently H or Cy alkyl: and

ts selected from the group consisting of H, cyvclopropvl, and C1-Cx alky] optionally
substituted with one or more groups selected from the group consisting of NRR5,

ORS, and halogen.

[0048] In embodiments, the present invention is directed to a compound. or a

pharmaceutically acceptable sali thereof. represented by fornmuda (11} wherein:

R 4

RS

is C-R® or §, wherein one R s C-RP and the other R*is §;

is arvl-heterocyelyl is optionally substituied with one or more groups each
independently selected from the group consisting of CL, F. and C1-Cs alkyl that s
optionally substituted with one or more groups selectad from the group consisting of
OR’, ClL, and F: and

is independently H or Cq alkvl

[0049] Tn embodiments, the present invention 15 directed to a compound, or a

pharmaceutically acceptable salt thereof, represented by formwta (1) wherein:

R
Z

is C-R% or §, wherein one R* is C-R° and the other R* 15 §;

is aryl-heteroaryl optionally substituted with Ci-Cs alkyl that is optionally

substituted with OR: and

RS

is independently H or C; alkyvl
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[0050] In embodiments, KR! is H, C;-Cs alkyl, CL F. CN, and O-C-Cs alkyl optionally
substituted with one or more halogen. in embodiments, R is H. In embodiments, R! is £-C:
alkyl. In embodiments, R! is C; alkyl. In embodiments, R! is T alkyi. In embodiments, R! is
Cs alkyl In embodiments, R' is CE In embodiments, RY is C1. In embodiments, RN is CN. In

embodiments, R' is OCH;. In embodiments, R' is OCFs.

[6051] In embodiments, R is H or C;-Cs alkyl substituted with OH or OCH:. In
embodimenis, R” is H. In embodimenis, R” is Cy alky] substituted with OH. In embodiments,
R?is > alkyl substituied with OH. R” is Cs alky] substituted with OH. In embodiments, R? is
(s alkyl substituted with OCH:. In embodiments. R? is o alkyvl substituted with OCHa. R% is
Cz alky! substituted with OCH:.

[0052] In embodiments, R is independently H or C1-Cy alkyi optionally substituted with one
or more halogen or OH. In embodiments, R is FL Tn embodiments, R’ is €1 alky] optionally
substituted with one or more halogen. In embodiments, R is C; alkyl optionally substituted
with one or more OH. In embodiments, R* is Cz alkyl optionally substituted with one or more
halogen. In embodimenis, R* is C; alkyl optionally substituted with one or more OH. In
embodiuments, R is Cx alkvi optionally substituted with one or more halogen. Tn
embodintents, R is (5 alkvl optionally substituted with one or more OH. In embodiments, R?
is Cyalkyl optionally substituted with one or more halogen. In embodiments, R is Cyalkyl

optionally substituted with one or more OH.

[0053] In embodiments, R* is independently H or Cy-Cy alkyvl. In embodiments, R* is H. In
embodiments, R* is C; alkyl In embodiments, R* 1s H or C2 alkyl In embodiments, R* 15 (3

alkvl. In embodiments. R* is €y alkyl.

{00341 In embodiments, Z is C:-Cs alkyl, NR'R®, C(DINRR®, oy cloalkyl, heterocyclyl, aryl,
hetercarvi, arvi-heterocyelvl, or aryl-hetercaryl. In embodiments, Z 1s €1-Ce alky] optionally
substituted with cyclopropyl In embodiments, 7 15 C1-Cs alkyl optionally substituted with
phenyl. In embodiments. Z is {1-Cs alkvl optionally substituted with OR®. In embodiments, 2
is Cy-Cs alky! optionally substituted with halogen. In embodiments, Z i1s C:1-Cs alkyl
optionally substituted with C{ONR RS In embodiments, Z is C1-Ce alkyl optionally
substituted with NR*R®. In erbodiments, Z is C;-Cs alky! optionally substituted with NR>-
C{0)CH:. In embodiments, 7 is C-Cg alkyl optionally substituted with SGR®. In
embodiments, 7 18 C1-Ce alkyl optionally substituted with heterocyclvl In embodiments, 7 18
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1~Ce alky! optionally substituted with arvl In embodiments. 7 is C1-Cs alkyl optionally
substituted with heteroarvl. In embodiments, Z i C1-Cs alky! optionally substituted with aryl-

heteroaryl.
[00SS] in embodiments, Z is NRRS. In embodiments, Z is C{OINRR®,

[00S6] In embodiments, Z 1s cveloalky! optionally substituted with one or more groups each
independently selected {rom the group consisting of F, C{OINR'R®, NR*R®, and NR*-
C(O)CH:. In embodiments, 7 is cvcloalkyl optionally substituted with one or more F. Inn
embodiments, 7 is cycloalky! optionally substituted with one or more C{ONRR®. In
ambodiments, Z is cycloalkyl optionally substitated with ong or more NROR?, Tn

embodiments, 7 is cvcloalkyl optionally substituted with one or more NR3-C(O)CH;.

[0057] In embodiments, # is heterocyelvi that optionally contains another heteroatom that is
N or O and is optionally substituted with one or more groups each independently sefected
from the group consisting of F, OR®, keto, C3-Cs cycloalkyl, COOYCH;:, C(OINRR®, and (-
Caalkyl that s optionally substituled with one or more F or OH. In embodiments, 2 i3
heterocvelvl that contains another heteroatom that is N. In embodiments, £ is heterocvclvl
that contains another heteroatom that is C. In embodiments, Z is heterocyclyt that is
substituted with one or more ¥, In embodiments, Z is heterocvelvl that is substituted with one
or more OR’. In embodiments, Z is heterocvcly! substituted with one or more keto. In
embodiments, Z is heterocyelvl substituted with one or more Us-Us cycloalkyvl. In
embodiments, Z is heterocyelvl substituted with one or more C{OYCHa. In embodiments, Z1s
heterocyclyl substituted with one or rore C{OWNRR® In embodiments, Z is heterocyclyl
substituted with one or more {-Cy alkyl that is optionally substituted with one or more OH.
In embodiments, Z 1s heterocy clyi substituted with one or more C1-Cy alkyl that 18 optionally

substituted with one or more F.

[0038] In embodiments, Z i3 ary] that s optionally substituted with one or more C-Ci alkyl
that is optionally substituted with one of more ¥, OH, or NR°R®. In embodiments, 7 is arv}
that 1s substituted with one or more (-4 alkyl that is substituted with one or more F. In
embodiments, Z is arvl that is substituted with one or more C;~-Cyalkyl that is substituted with
one or more OH. In embodiments, 7 s aryl that 1s substituted with one or more C-Cs alkyl

that is substitited with one or more NR°R®
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[0U59] In emboduments, £ is aryl that s optionally substituted with one or more C3-Cs

cvcloalkyl that is substituted with NR°R®.

[0060] In embodiments, Z is arvl that is substituted with one or more halogen. In
embodiments, Z is arvl that is substituted with one or more CN. In embodiments, Z is arvl
that is substituted with one or roore OR®. ¥n embodiments, 7 is aryl that is substituted with
one or more C(O)NRR®. In embodiments, 7 is aryl that is optionally substituted with one or
more NR’RS. In embodiments, Z is aryl that is substituted with one or more SQ:R°. In
smbodiments, 7 is ary} that is substituted with one or more SONRRE. In embodiments, Z is
aryl that is optionally substituted with one or more SONH)IR® . Tn embodiments, Z is aryl that
is optionally substituted with one or more S(NRYNHORS. In embodiments, Z is aryl that is

optionally substituted with one or more P(O)RR®.

[0061] Tn embodiments, Z ts arvi that s substituted with a 4~ or G-membered heterocvelic
ring optionally containing one or rnore additional heteroatoms that 1s § or N, and is
substituted with one or more F. In embodiments, # is arvl that is substituted with a 4- or 6-
membered heieroey clic ring optionally containing one or more additional heteroatoms that is
S or N, and s substituted with one or more CL In embodiments, 7 18 aryl that is substituted
with a 4~ or 6-membered heterocyclic ring optionally containing one or more additional
heteroatoms that is § or N, and is substituted with one or more OR®. In embodiments, Z is
aryl that 1s substituted with a 4~ or 6-membered heterocyelie ring optionally containing one or
more additional heteroatoms that is S or N, and s substituted with one or more CN. In
embodiments, Z is arvl that is substituted with a 4- or 6-membered heterocyclic ring
optionally containing one or more additional heteroatoms that is § or N, and is substituted
with one or more C1-Cy alkyvl In embodiments, 7 is arvl that 1s substituted with a 4- or 6-
membered heterocyclic ring optionally containing ove or more additional heteroatoms that is
S or N, that is substituted with one or more oxo. In embodiments, 7 is aryl that 1s substitited
with a 4- or -membered heterocyclic ring optionally contaming one or more additional

heteroatoms that is 8 or N, that is substitated with NRIRS,

[0062] o embodiments, 2 1s heteroaryl that is optionally substituted with one or more groups
each independently selected from the group consisting of evclopropyl, (N, C{OINRR®, OR’,
NRR®, oxo, SO:R®, a 4- to 6-membered heterocychic ring, and Ci-Cs afkyl optionally

substituted with one or more groups independently selected from the group consisting of F,
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NRIRS OR®, and CIOINRRS. In embodiments. Z 1s heteroaryi that is optionally substituted
with one or more cyclopropyl In embodiments, Z is heteroarvl that is optionally substituted
with one or more CN. In embodiments, Z is heteroary! that is substituted with one or more
C{OINR'R®. In embodiments, Z is heteroaryi that is substituted with one or more OR®. In
embodiments, 7 is heteroarvi that is substituted with one or more NR*R®. In embodiments, Z
is heteroaryl that is substituted with one or more oxo. In embodiments, 7 is hetercaryl that is
substituted with one or more SO2R®. In embodiments, Z is heteroaryl that is substituted with
one or roore 4~ to O-membered heterocyclic ring. Tn embodiments, 2 1s heteroaryl that s
substituted with one or more C1-Cy alkyl optionally substituted with F. In embodiments, 7 is
heteroaryl that is substituted with one or more C;-Cy alkyl optionally substituted with NR*R®.
In embodiments, £ is heteroarvl that 1s substituted with one or more C-Cy ally] optionally

substituted with C{OMNRRE.

{0063 In embodimends, Z 1s arvl-heterocyclyl optionally substituted with C1, F or C:i-Cy
alkvl that is optionally substituted with OR®, Cl or F. In embodiments, Z is aryl-heterocycivl
substituted with one or more CL In embodiments, Z is arvi-heterocyclyl substituted with one
or more F. In embodiments, Z1s arvl-heterocyclyl substituted with one or more C5-Cy alkyl
that is optionally substitited with OR’. In embodiments, Z is aryl-heterocvelyl substituted
with one or more Ci-Cy alkyl that is optionally substinted with L In embodiments, Z is arvi-

heterocyclyl substituted with one or more C;-Cy alkyt that 1s optionally substituted with F.

[0064] To embodiments, Z s arvl-heteroaryl optionally substituted with C1-Cz alkyl that is

optionally substituted with OR’.

[0065] In embodiments, R is H or €,-Cs alkyl. In embodiments, R’ is H. In embodiments,
R*is Cy alkyl In embodiments, R” is C2 alkvl In embodiments, R® is Cs alkyl. In

embodiments, R® is Cs alkvl In emabodiments, R is Cs alkyl.

[0066] In embodiments, R®is H, cyclopropyl, and C1-Cs alkyl optionally substituted with one
or more groups selected from the group consisting of NR*R?, OR’, and halogen. In
embodiments, R®is H. In embodiments, R® is cvelopropyl. In embodiments, R%ts C1-Cs alkyl
optionally substituted with one or more NR’R®. In embodiments, R%is €5-Cs alkyl optionally
substituted with one or more OR®. In embodiments, R%is Ci-Cs alkyl optionally substituted

with one or more halogen.
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[0067] In embodiments. nis 1-4. In embodiments, nis L. In embodiments. nis 2. In

smibodiments. nn is 3. In embodimenis, 11 is 4.
[0068] In embodiments, p is 1-2. In embodiments, pis 1. In embodiments, pis 2.
[0069] In embodiments, compounds are identified in Table 1.

Table 1

b 1-(8)-8-chlotochroman-4-y1)-3- o~ o 8
i . ] i \ LOH
{2-{1-hydroxvethyithiarol-4- L N N N ey
vhurea \E j ﬁ ﬂ N \
L~
2 | 1-{8)-8-chlorochroman~-d-yi}-3- 0’/\7 Q 3 OH
(2( 1--hydroxyethyE)thiazoi—liv e g J\N /;{\ N/}\‘{
vhurea i T H  H \
S
3 1-f{4S}-8-chlorochroman-4-y1}-3- ()"\\;, o r.s
{2-(dimethylanmojthwarol-4- Tl A A ,ﬂ\ i\ P N/
vijurea i A NTONTN N
e H H
4 | 1-[(45)-8-chlorochroman-4-vi}-3- Q o = H
{4-f4-[pyrrolidin-2- S A i /Q\,\y A\ N.
viiphenyljthiazol-2-vljurea jk/ NT ONT TN . N J
5 1-[{4S}-8-chlorochroman-4-y1}-3- Q o s

{4-f4-[pyrrolidin-2-
viiphenvijthiazol-2-ylhirea

6 1-(2-(1-{Z-aminopropvii-1H4-
pyrazol-3-yBihiazob-4-y1}-3-((5)-
&-chlorochroman-4-viurea

~3

|~2-{1-(Z-aminopropyli-1 H-
pyrazol-3-vhihiarol-4-y13-3-((5)-
8-chlorochroman-4-yhurea

§ | {S$-1-{8-chlorochroman~-4~v1}-3-
(2-(1-ethyl-14-pyrazol-4-vi}
thiazol-4-viurea

9 {)-1-(8-chlorochroman-4-y1}-3- O
C-(pyridin-2~vlythiazol-d-viurea | ¢y
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hemicel Mae

{5)-1 »(S-Chiomchroiﬁzmuiiuy1)_3«
(2-(pyridhn-d-yiythiazol-4-vurea

1§ (S 1-(8-chlorochroman-4-yi)-3~
(2-phenylthiazol-4-viurea

T “N -
{ H
M
121 (S)-1-(&-fluorochroman-4-y13-3-(2~ o™ 0O F»S P
’2- yarobedav hirae ' i i ' f//\
phenyithiarol-4-yurea E ’j’ﬁ )l\ﬁ ”J\N} ‘<‘*w )

13 | (8)-1-{chroman-4-v1}-3-(2-pheny]
thiazol-4-vhurea

I4 | {S)-1-(8~chlorochroman-4-y1}-3-
(2-{pyridin-3-vi}thiazol-4-vijurea

d “N
o
- -8
oy e R N
ci I‘\f’i"’N’)‘kN’J\Nﬁ \ 2
i) H oH

15 1-[(48)-8-chiorochroman-4-y1i}-3-
(2~cyclopropylthiazol-d-viurea

16 | 1-[{(45)-8-chlorochroman-4-y1}-3-
{2-(1-methylpvrazol-4-vlithiazol-
4-yljurea

17 1nE("45')—8—chim‘oﬁchroman-éi-yE,E~3- o o rS /= o
[2-(4-methyisulfonylpheny e ‘ M /E\ PR W
thiazol-4-yljurea \ﬁ = ’E ﬁ N -8

P

18 | 1-[{4S}-8-chiorochroman-4-y1}-3- 0/\/; 8 _—
{2-[4-{methvisulfamovl) phenvi] Ci -, Py /}“< y §~NH
thiazol-4-vijurea ﬁ

19 | 1-}{45)-8-chlorochroman-4-y1}-3- . Gy~
{2-(G-methvlsulfouyiphenyl) /{i’\ G [—,—‘S - fs\‘@
thiazol-d-vljurea c ™ \\/1 N g /\N/} \

(v B /

20 | 4-[4-[{(45)-8~chiorochroman-4- o o 8 p HN—-
yHicarbamoylamino|thiazol-2-vI}- | ¢ . /.i />“~\ )
N-methyl-benzamide | o NN N —7 Y
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21§ 5-[4-[1(45-8~chlorochroman-4-
vijcarbamoylaminofthiazol-2-vl}-
N-methyl-pyridine-2-carboxamide

22 1-[(45)-8-chlorochroman-4-y1}-3-
[2-[3-(methvisulfamovl)
phenyljthiazol-4-vljurea

carbamoy! amino] thiazol-2-y1}-2-
methoxy-benzamide

23 | methyl 4-]4-1{(45)-8-~ o~
chlorochroman-4-vij i
carbamoylaminofthiazol-2-v1]-2~ o
fluorobenzoate Lo H

24 | 4-{4-[[(45)-8~chlorochroman-4-vlj o O

oA A AL A P
- .,fﬁf g N \_;E/,

0 HN—

A
o

/

-

N

{Z-(d4-cyanophenyljthiazol-4-
vilurea

25 | 4-14-]](45-8-chlorochroman-4-y1] o/j o FS} . NH
P 2 21y T 1370 T f [ 2
caﬁ{z.}ms)}:?dmmu}ihmml 2-v1] Ci\r”j\r o ’J\N A {f}ﬁg
benzamide N S 5
o
26 | 4-[4-][{45)-8~chlorochroman-4- o o s O
vijcarbamoylaminolthiazol-2-v1}- )\j T /”\\ NH,
2-methoxy-benzanuide Oy, "/N)LN/L'* - - ”§<
/i H H O
o
27 | 4-[4-[{(45)-8-chlorochroman-4- o o s F
vijcarbamoylaminojtiuazol-2-v1]- j y P ﬁ“\ NH.
2-fluoro-benzamide Ci\,‘/l\\x/ '»,N/“L~N/‘L~N’:} <\:_ Pan
H H - o]
N
28 | 1-[{4S}-B-chlorochroman-4-y1}-3- o o No. -~
{2-(1-methvipvrazol-3-vi) thiazol- ci . /{\ /& />*~ 7 !,\i
d-vllurea \E S N7 NSO
i H
~ H
29 1 1-[{(48)-8-chlorochroman-4-vij-3-

30§ S-l4-[[{45)-8~chlorochroman-4-vi]
carbamoylaminofthiazol-2-
vipvndime-2-carboxarnide

1 b
e
31§ 1-[(48)-8-chiorochroman-4-vi}-3- ol o . .
{2-[1-(2,2-difluoroethyl) pyrazol- | Gl A P e
4-vlJthiazol-4-vljurea \"';/\ N7 N7 =N é
L\ P H H
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 Chemical Mame
32 | 1-[{45)-8-chlorochroman-4-y1}-3-
[2-f1-02.2.2-nfluorosthy D
pyrazol-4-yithiazol-d-yijurea

33 | 1-}{45)-8-chlorochroman-4-y1}-3-
{2-(8-cyano-2-pyridvijthiazol-4-
viiurea

34 | 1-}{45)-8-chlorochroman-4-y1}-3-
{2-11-2 . 2-diffuorosthvi) pyrazol-
J-vijthiazol-4-yljurea

F

35 1 1-[{(45)-8-chlorochroman-4-y1}-3- ] F
12-[1-(2,2.2-trifluoroethyly , /\:‘F
3=y =

pvrazol-3-yijthiazol-4-vijurea

36 | 1-[(48)-8~chiorochroman-4-vi}-3-
{4-(4-cyanophenyijthiazol-2-

vijurea
37 1 (-[(48)-8-chlorochroman-4-vij-3- PN = O
{4-(4-methylsulfonviphenyvl) Q/\T (i\ /g\‘}*{\ ) $~
thiazot-2-vijurea Ci\/v gt ONT N S 0
Ly n
38 | 1-[4-[4-{1-ammvo-l-methyl-ethy]) o o s P
phenvi fthiazol-2-v1]-3-{{48)-8- Cie WA H N_/
chlorochroman-d-yijurea \E YT UNTONT N =/ NH2
’\&,:f H H
39 1 1-f2-[1-[2-amvnopropyiipyrazol-4- o™ o s .
viithiazol-4-vi{-3-[{453-8- Ch A, ! JL />ﬁ_“ Vi ;},/\\E/’
chlorochroman-4-vijurea j! E § N NN NH
404 1-{2-[1~[2-aminopropyiipyrazol-4- o o —8 .
vijthiazol-d-yi}-3-[{453-8- o b Py /"L /}H V ;ﬁx\iv/
chiorochroman-4-vijurea | S g N =N NH,

41 | 1-}{45)-8-chlorochroman-4-y}}-3-
{2-f4-[pvrrolidin-2-
viiphenvijthiazol-4-yHhurea

42 1 1-[(48)-8-chlorochroman-4-vi}-3-
[2-f4-[pyrrolidin-2-
vijphenyijthiazol-4-vijurea
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hemi

1-{{Sy-chroman-4-y1}-3-(2-(1~
hvdroxvethylthiazol-4-yDurea

44 1 1-{(S)-chroman-4-y1}-3-(2-(1-
hydroxyethylithiazol-4-vhurea

45 1 {S$)-1-(8-chlorochroman-4-yi}-3-
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(2-{3-hydroxy-3-methyl
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49 | 1-4{S}-8-chlorochroman-4-yi}-3-
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OH
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64 | {5)-1-{8-chlorochroman-4-v1}-3- (j}‘/\\ o] ,7—'3\ s O Vs
(2-(4-({(2-{methylanunojethyl) Chy Y/L\\“ /i',,,,N/U\ /”\N// “‘<\ ;/\f*~§ v ﬁ
sulfonyl)phenyiithiazol-4-vijurea d\ I A 4
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\TE/\ Pl "N N N \\5 =N
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thiazol-4-yDurea \E\\J ’ﬁ NN N

:/
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2-((R)-3-hvdroxypipendin-1- i J! ) /U\ /,i!\ ,>‘ N X
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A OH

69 | (S)-1-(8-chlorochroman-4-yi}-3- Q"/ﬁ U\ !T»$\ 7
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{\’/
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.\.\:/’
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o \ S ¢ -8 P4
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el SN W & Wa;
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75 | 1-€(5)-8-chlorochroman-4-v1}-3- o N O .;,—'S /C}H
(2-(2.2 2-influoro-1-hydroxy Cho A J»«,,, M /’!\Nf H
ethyljthiazol-4-y1urea \=[’ ] NN SF

I‘\/’/ F g
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. ’ S N
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4-vhurea K/\’r N

N

§3 | 1-(2-(f-amne-2,2,2- O’/\\E o] -8 NH;

. . Ty H H H >~ *
irifluoroethyDthiarol-4-y1)-3-((R)- | oy bl /]\ M7 “~<
8-chlorochroman-4-yhurea | ™ EN% E N KF

L\\/’ F F

85 | 1-{(&)-8-fluorochroman-d-v1)}-3- o N0 S o~
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91 | 1-{{Ry-8-fluorochroman-4-v1}-3- o o 5/3\ Ot
(2-(1-hydroxyethyhithiazol-4- F. /J.% ‘,Ji\ P Nf :(\/\
vhurea \g ﬁ ﬁ

P

92 | 1-({(R)y-8-fluorochroman-4-y1)-3- o 8] ?’S poiy
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vhurea (l g N )
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206 | (S)-1-(8-chlorochroman-4-yi}-3- A 5 /r\?
(2-(3-methyl-1-(oxetan-3-y1}-14- @ /\[ j?\ 15/ N N
pyrazol-d-vhihiazol-4-y1hrea Cl\l/\tj v N/!\N” xﬁzi
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P
N
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208

N-{1-(4-(3-((S)-8-chlorochroman-
4-vhurerdojihiazol-2-
vhethylacetamide

209

N-{1-(4-(3-((S)-8-chlorochroman-
4-viureidojthuazol-2-
vhethyvllacetamude

210

{5)-1-{8-chlorochroman-4-y1}-3-
{2-{1-methvl-3-{tnfluoromethyi)-
VH-pyrazol-4~-ythiazol-4-viurea

Sy 1-(2-2H-1,2 3~tnazol-4-
vhthiazoh-4-y13-3-(8~
chlorochroman-4-vhurea

{5)-1-{8-chlorochroman-4-vi}-3-
2-(1.3-dimethyl-1H-pyrazol-4-
vhthiazol-4-vlnrea

{S)-d-{3-(&-chiorochroman-4-
vhureido ythiazole-2-carboxamide

214

{(R)-1-(4-(3~{{5)-chroman-4-
vhureidothiazol-2-vlpyrrolidine-
Z-carboxanude

1-(2-(F~amanocethylthiazol-4-vi)-
3-{(8})-8-chiorochroman-4-yijurea

216

1-{2-{1~aminoethyhthiazol-4-vi}-
3-((8)-8-chlorochroman-4-yurea

vayi

{5)-1-{8-chlorochroman-4-y1}-3-
2-(I-methyl-1H-1,2,3-triazol-5-
vhthiarol-4-ylnwea
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218 | (8)-4-{3-(8-chiorochroman-4-
vhureido)-N-methyithiazole-2-
carboxamide

219 | N-((#p1-(4-(3-{(S)-chroman-4-
vhureido)thiazol-2-vlpyrrolidin-
3-yhmethanesulfonamide

220 1 {S)~1-{2-(2-oxa~6-
azaspiro] 3. 3theptan-6-vijthiarol-4-
vi-3-{chroman-4-vljurea

221 | N-({Ry-1-{4-(3-{{5)-chroman-4-
vhureidoythiazol-2-yhpvrrolidin-
3-vhacetamide

222 | (5)-1-{8-chlorochroman-4-v1}-3-
(2-(2-
methoxyethyD{methyDamino ythiaz
ol-4-yinrea

223 | N-{{531-(4-G-((8)-chroman-4-
vhureido)thiazol-2-vhipyrrolidin-
3-vhmethanesulfonamide

224 | N-((5)-1-(4-(3-({8)-chroman-4-
vhureidojthiazol-2-yDipvrrolidin-
3-vhacetamnide

225 | 1-({(I)-chroman-4-v1}-3-(2-(1~
hydroxyethyDthiazol-d4-vDurea

[0070] The compounds of the present invention may contain asymmetiric carbon atoms

{sometimes as the result of a deuterium atom) and thereby can exist as either individual

stereoisomers or mixtures of the enantiomers or mixtures of diastereomers. Accordingly, a

compound of the present invention may exist as either a racenic mixture, a mixtare of

diastereomers, or as individual stereoisomers that are substantially free of other

sterenisomers. Synthetic, separation, or pusification methods 1o be used to obtain an

enantiomer of a given compound are known in the art and are applicable for obtaining the

compounds identified herein.
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[0071] Unless otherwise indicated, when a disclosed compound 15 named or depicted by a
structure without specifying the stereochemistry and has one or more chiral centers, it is
understood to represent all possible sterecisomers of the compound. Carbon atoms labelled
with * refer 1o a carbon atorn that is chival but the absolute stereochemmstry has not been

determined.

[0072] The corpounds of the present invention may contain double bonds that may exist in
more than one geomeiric isomer. Examples of such double bonds are carbon-carbon double
bonds which form alkenes. In the case of carbon-carbon double bonds, the geometric isomers

may he E or Z isomers.

[0073] Unless otherwise indicated, when a disclosed compound is named or depicted by a
structure without specifying the geometric isomerism and has one or more possible geometric

isomers, it s understood to represent all possible geometric isomers of the compound.

[0074] Certain compounds of the present invention may be able to exist as tavtomers, All
tauioroeric forms of these compounds, whether isolated dividually or momaxtures, are
within the scope of the present invention. For example, in instances where an —OH
substituent is permitied on a heteroaromatic ring and ketoeno! tavtomerism is possible, it is
undersiood that the substituent maght in fact be present, in whole or i part, 10 the oxo (=0)

form.

[0075] In certain embodiments, hyvdrogen atoms may be replaced with dewterium. The
deutertum isotope content at a the dewterium substituted position may be is greater than the
natural 1sotopic deulerium content {0.015%;), more preferably greater than 50%, more
preferably greater than 60%, roore preferably greater than 75%, more preferably greater than
9%, more preferably greater than 95%, more preferably greater than 97%, more preferably
greater than 99%. It will be understood that some variation of natural isotopic abundance may
oceur in any compound depending upon the source of the reagents used in the synthesis,
Thus, a preparation of undeuterated compounds may inherently contain small amounts of
deuterated sotopologues, such amounts being insignificant as compared to the degree of
stable 1sotopic substitution of the deuterated compounds of the mvention. See, e.g., Gannes,
L.Z., et al, Comp Biochem. Physiol Mol Integr. Physiol,, 119725 {1998}, Replacement of
hvdrogen with deuterivm may affect the activity, toxicity. and pharmacokinetics (e g,
absorption, distribution, metabolism, and excretion ("ADME"}} of some drugs. For imstance,
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such replacement may alter the chenucal stabiluy and biochemical reactivity of a corapound
through kinetic isotope effects. Because of the increased mass of deuterium relative to
hydrogen, eptmerization at stereogenic carbons may be slowed down when hydrogen is
replaced with deuterium. See Pirali, T. et al., J Med. Chem., 62:5276-97 (2019).
Additionally, the presence of deuterium may affect how a molecule interacts with enzymes,
thereby impacting enzyme kinetics. While in certain cases the increased mass of deuterium as
compared to hydrogen can stabilize a compound and thereby improve aclivity, toxicity, or
half-life, such impact is not predictable. In other instances deuteration may have little to no
inwpact on these properties. or may affect them in an undesirable manner. Whether and/or
how such replacement will tmpact drog properties can only be determined if the drug is
synthesized, evaluated, and compared o iis non-deuterated counterpart. See Fukuto, I M., et
al., J Med Chem., 34:2871-76 (1991}. Because some drugs have muliiple sites of
metabolism or more than one active sties {or binding {0 a target, it 1s unprediciable as to
which sties may benefit by dewterium replacement or to what exient isotope enrichiment is

necessary 1o produce a beneficial effect

EXAMPLES
[0076] The examplas below further illustrate embodiments of the present invention and
methods of preparing such compounds. It is to be understood that the scope of the present

mvention 1s not himited o any way by the scope of the following examples and preparations.

(00771 The structures of the compounds are confirmed by 1uass spectrometry and/or NMR,
where peaks assigned to the characteristic protons in the title compound are presented where
appropriate. H NMR shift (8) are given in parts per ruiliion (ppm)y down field from an

internal reference standard.

[0078] The abbreviations used herein are known to a person of ordmary skill in the art. A
parttal list of abbreviations that may be used herein include: acetonitrile (CH3;CUN or Me(UN or
ACN), {1,1'-bis(diphenylphosphinojferroceneidichloropaliadium(il} complex with
dichloromethane (Pd{dppHiCly complex with CHxClo), bis{di~rert-butyl(4-
dimethyiaminophenyDphosphine)dichioropalladium (11} (Pd(amphos)Cl2). calculated
{Caled.y, certum chloride (CeCls), cesium carbonate (UsxCOs), cesium fluoride (CsF), copper
acetate (Cu{QAck), copper bromide (CuBr), copper () oxide (Cuw(), degrees Celsius (°C),
deuterium (), dichloromethane (BCM, CHCly), dichloroethane (BDCE), N.N-
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dusopropyiethylamine (DIPEA). dimethyviformamide (DMF), dimethy] sulfoxade (DMSO),
N N'-disuccininudvicarbonate (DSC), di~ferr-buty! decarbonate (Boc:(), ethyl acetate
{EtOA¢), ethanol (EtOH), how (h), iodobenzene diacetate (PhI{OAc)), N-[{dimethylaming)-
11,2 3-triazolo-{4,5-b pyridin-1-vimethylene]-N-methylmethanaminium
hexafluorophosphate N-oxide (HATU), high performance liquid chromatography (HPLC).
lithium hydroxide monohvdrate (LiIOH H2(), megahertz (MHz), methanol (MeQOH,
CHROH), methy] Bithium OMeLt), minudes {min}, nuclear magnetic resonance {(INMR),
palladium on carbon (PA/C), pounds per square inch (PRI, potassium carbonate (KoCO3),
potassiumn hydroxide (KOH), potassium phosphate (KsPOy), pyridine {(Pyr), hiquid
chromatography-mass spectrometry (LUMS), methanesalfonv] chloride {MsCl),
room/arabient teraperature (RT), sodium bicarbonate (NaHCG5), sodium borohvdride
{(WaBHa}, sodium hydride (WaH), sodium hvdroxide (NaOH), sodium sulfate (Naz803), V-
bromosuccinimide (NBS), sodium feri-butoxide (NaQ'Bu), supercritical fluid
chromatography (SFC), tetrabutviammonium tribromide (BusNBra), tetrahvdrofuran (THF),
thin layer chromatography (TLC), triethviarnine (EaN, TEA), palladium-

tetrakis{(triphenyiphosphine) (Pd(PPh: ), and water (H0).

Example 1 and Example 2: Synthesis of 1-({5)-8-chlorechroman-4-y1)-3-2-(1-

hydroxyethyDthigzol-4-yljurea

?Et
= S Sn(u)s
i-2
- Fd{PPHy}Cly, KF, j S> OEt
/& Nx?‘* 8r Dioxana:H,0 Ct o Acstong, HC
—
Step-1 b Step-2
13

m\O JZ'SH oy oA U\Ji;] 0"

Step-3

Ch f’/"“(
Chiral seperation \’

Stap-4

Examples 1 and 2

* Absolute stereochemistry not determined
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[0079] Step-1: 1-{(495)-8-chlorechroman-4-yi]-3-12-(-ethoxyvinylthiazol-4-yljurea (3-
3): To a stirred solution of 1-{2-bromothiazol~-4-v1}-3-[{45)-8~chlorochroman-4-vHurea -1
{0.50 g, 1.29 mmol) in 1.4-dioxane (10 mL) was added tributvi{1-ethoxyvinyiiin 1-2 {0.53
mL., 1.54 mmol) followed by KF (0.22 g, 3.86 munol) at RT. The reaction mixture was purged
with nitrogen for 15 min and then Sis{triphenviphosphinejpaliadium (1} chioride (.09 g,
(.12 mmol} was added into it. The reaction mixture was heated at 110 °C for 6 h. After
completion, reaction mixture was filtered through Celite bed. Organic layer was washed with
brine, dried over anhydrous NapSQ4 and concentrated under reduced pressure. The product
was purified by CombiFlash (20% EtOAc/heptane) to afford 1-{{45)-8-chlorochroman-4-yij-
3-12-(1-ethoxyvinyljthiazol-4-vijurea £-3 (0.35 g} 'H NMR (400 MHz, DMSO-ds) 6= 9.22
(s, 1H). 7.32(d, J = 7.9 Hz, 1H), 7.26 - 7.20 (ro, 2H), 6.90 (1,7 = 7.9 Hz, 1H), 6.81 (d,J =
79Hz, 1H), 5.07 (s, 1H), 498 - 490 (m, iH}, 4.44 (brs, 1H), 441 - 436 (m, 1H), 428 -
419 (m, 1H}, 3.96 (g, = 6.9 He, 2H3, 2,13 (dd, J = 5.1, 8.3 Hy, 1H), 2.03 - 1.94 (m, 1H)},
132 (t..J = 6.9 Hz, 3H); LCMS:{M+H]' = 380,

[0080] Step-2: 1-(2-acetylthiazol-4-y1)-3-[{45)-8-chloroechroman-4-yljurea (1-4): To a
stirred solution of 1-{(45)-8-chlorochroman-4-v1}-3-[2-(1 -ethoxyvinyiithiazol-4-vijurea 1-3
{0.35 g. 11.82 mmol} in acetone {5 mL) was added concentrated HC! (1.00 mL, 33.30 mmol).
Reaction mixture was stirred at RT for 1 h. After completion, reaction mixiure was guenched
with saturated NaHCO; solution, extracted with EtQAc. Organic layer was washed with
brine, dried over anhydrous Na:S04 and concenirated under reduced pressure to atford 1-(2-
acetylthiazol-4-yi}-3-{(45)-8-chlorochroman-4-vijurea 1-4 (0.30 2) "H NMR (400 MHz,
DMEO-de} 6 =948 (brs, 1H), 7.71 {5, 1H)L, 733 (4, J =79 Hz, 1H), 723 (d, J=79Hz,
TH)Y, 691 (L7 =76 Hz, 1H), 6.82(d.J = 7.9 Hz, 1H), 4.96(d.J = 5.5 Hz, 1H), 438(d.J =
79Hz 1H), 424 (1. J =88 Hz, 1H), 257 (s, 3H), 2.12 (brs, 1H), 198 {(brs, IH);

LOMS: [M+H] = 352,

[0081] Step-3: 1-[(45)-8-chlorochroman-4-yi}-3-[2-(3-hydroxyethylthiazol-d-yijurea (1-
£): To a stirred solution of 1-(2-acetyithiazol-4-v1)-3-[{48)-8-chlorochroman-4-vijurea 1-4
{11.30 g, 0.76 nunol} in ethanocl (8 mbL) was added NaBH, (0.13 g. 3.45 nunol) at 0 °C and the
reaction mixture was stirred at 40 °C for 4 h. After completion, reaction mixture was
concentrated under reduced pressure and product was quenched with F0, extracted with
EtGAc. Organic layer was washed with brine, dried over anhvdrous Na:SO4 and concendrated
under reduced pressure. Product obtained was purified by reverse phase CombiFlash to afford
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1-{{45)-8-chlorochroman-4-v1}-3-[2-(i-hydroxvethyviphiazol-d-yHurea -8 (0.13 ¢). LCMS:
IM+H] =354

[008Z] Step-4: 1-{(($)}-8-chlarschroman-4-yi}-3-2-(I-hydroxyethylithiazol-4-yhurea
{Exampies I and 2): Racemic compound of 1-58 1-[{{(48)-%-chlorochroman-d-vi}{-3-{2-(1-
hvdroxvethvDthuazol-4-yljurea €0.13 g} was subnutied for chiral-HPLC separation to afford
Example 1 (0.04 ¢) and Example 2 (0.01 g). The absolute stereochemistry of these products

was not deternuined.

[(083] Example 1: 'H NMR (400 MHz, DMSO-de} § = 9.01 (s, 1H), 732 (dd..J ~ 1.3.7.9
Hez, 1H), 7.25 - 7.20 (m, 1H), 7.05 (5, 1H), 6.90 (1,7 = 7.8 Hz, 1H), 681 (d, J = 5.0 Hz, 1H),
6.0 (d,J = 5.3 Hz, 1H), 4.98 - 4.90 (m, 1), 4.89 - 4.50 (m, 15, 4.43 - 4.33 (m, 1H), 4.28 -
4.20 (m, 1H), 2.17 - 2.09 {m, 1H}. 2.05 - 1.92 (m, 1H), 1.40 {d, J = 6.4 Hz, 3H); LCMS:
IMAH] =354,

[0084] Example 2: 'H NMR (400 MHz, DMSO-de} § = 9.00 (s, 1H), 7.32(dd.J = 1.3, 7.9
Hz, 1H), 7.23(d.J = 7.1 Hz 1H), 7.05 (s. 1H), 6.90 (4, J = 78 Hz, 1H), 6.81(d,J =79 Hz,
TH), 6.01 (d, J = 5.3 Hz, 1H), 4.97 - 490 (m. 1H). 4.89 - 4.80 (m, 1H), 4.44 - 4.35 (m. 1H).
4.29 - 418 (m, 1H), 2.19 - 2.05 {m, 1H), 2.03 - 1.93 (m, 1H), 1.40(d, J = 6.5 Hz, 3H);
LOMS: [M+HT" =354,

Example 3: Synthesis of 1-[{{(48}-8-chlorochroman-4-vi-3-[2-(dimethylaminethiazol-4-

yijurea
o/\?
NP
1. Ethyichioroformate \[ Sy,

Swﬂ TEA, THF ,S‘j\ ~F 3.3 ij o f's’)
| 2. NaN v A
Br <\N,J\F,0H 2MaNgfa) or RN L IhCHy L\k« g g T
S Stap-t o Step-2 \< S H H
34 32 7 34

MesNH-HCI N

KoCOs , DMF

Example 3
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[0083] Step-1: 2-bremeothiazele-4-carbonyl azide (3-2): To a suspension of 2-
bromothiazole-d-carboxvlic acid 3-1 (2.50 ¢, 12.00 mmol) in THF (5 mL) was added TEA
{2.0mL, 14.4 mmol} at ¢ °C followed by ethyl chloroformate (1.4 mL, 14.4 mmol). Reaction
mixture was stirred at RT for 1 h. To the above reaction mixture was added aqueous solution
of sodium azide (5.86 g, 0.1 mumol) and stirred at RT for 2 h. After completion, reaction
mixture was diluted with H2O and extracted with FtOAc. The combined organic laver was
washed with brine, dried over anbydrous NapS0.4 and concentrated under reduced pressure 0

obtain Z-bromothiazole-4-carbonyl azide 3-2 (2.40 g). LCMS: [M+H] ~ =203,

[00R6] Step-2: 1-(2-bromeothiazel-4-yi)-3-[{45)-8~-chiorechroman-4-viurea (3-4): A
solution of 2-bromothiazole-4-carbony! azide 3-2 {2.40 g, 10.3 mmol) in toluene (20 mL} was
stirred at 90 °C for 15 min under Nz atmosphere. To the above reaction mixture was added
(45)-8-chlorochroman-4-amine hydrochloride 3-3 (2.27 g. 10.3 mmol} and stirved at 90 °C
for 12 h. After completion, reaction mixture was concentrated under reduced pressure to
obtain a product which was purified by CombiFlash column chromatography to obtain 1-(2-

bromothiazol-4-y13-3-[(45})-8-chlorochroman-4-ythurea 3-4 (2.00 g, LCMS: [M+H] 7 =390,

[O087] Step-3: §-{(48)-8-chlorachroman-4-yi]-3-12-(dimethylamine)thiazel-4-yllurea
{Example 3): To a stirrad solution of dimethyviamine HCY (0.01 g, 0.15 mumol) in DMF (3
mb) was added KoCO: (0.08 g, 0.64 mumol} and stirred for 15 min. To this was added 1-(2-
bromothiazol-4-y13-3-{{48)-8-chlorochroman-4-viurea 3-4 {0.05 g, 0.12 mmwl} and the
reaction muxture was stirred at 90 °C for 4 h. After completion, the reaction mixiure was
guenched with ice cold water, extracted with EtOAc. Combined organic laver was washed
with brine solution, dried over anhydrous NapSCh: and evaporated under reduced pressure.
The product was purified by CombiFlash (30% EtOAc/n-heptane) to afford Example 3 (0.0l
g). 'H NMR (400 MHz, DMSO-de) §=8.74 (s, 1H). 732 (dd, J = 1.2, 7.8 Hz, 1H). 7.22 (4 J
=73 Hz 1H), 690 J =1.0Hz, 2H), 621 (s, 1H), 4.95-485 (m, 1H}, 443 - 434 {m,
1H}, 4.26 - 4.17 {m, 1H), 2.95 (s, 6H), 2.18 - 2.06 (m, 1H), 2.01 - 1.90 {m, 1H), LOMS:
[MHH] =353

W
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Exampie 4 and Example S; Synthesis of 1-{{48)-8-chlorochroman-4-yij-3-j4-|4-

[pyrrolidin-2-yi|phenyl{thiazol-2-yljurea

p

,;,:

phenyl chioroformate,

S Nak, THF DIPEA, CH,ON .

e , A - Ao g ,A:B*Bf

2 NNar Step- fwh Br  Step2 \E

&4 4.2
____\_}_'_G\ / \\~ 3‘2:;
B
7\n’ i ‘( J
&8
K3P0O4. Pd{amphos)Cly, Bac )
dioxane:H,0 ”j g/y - & aM 1}422 in doxane,
memmmsammsmmssssesssssssssssssesssssesR -~ s ar
Step-3 G- J\ ii\ N \N}“‘i ] oamme
N Step-4
4.8
H D/\\ O Q H
’> N o S, A ‘\\“f$ N
l \ Chiral separation \T \j/ N ‘N/L‘ N “\ﬁv -—-&,
’N A ! =
Lr L"J Step-§ R H H
4.7 Examples 4 and §

* Absolute stereochentistry not determined

[0088] Step-1: phenyl N-(d-bromethiazol-2-yl)carbamate (d-2): To a stirred solution of 4-
bromothiazol-2-amine 4-1 (0.20 g, 1.12 mmol} in THF (5 mL} was added NatH (60% in
mineral oil, 0.04 g, 1.68 mimol} at 0 °C followed by phenyl chiforoformate {(0.15 ml, 1.23
mmol). The reaction mixture was stitred at 25 °C for 12 h. After complefion. reaction was
guenched with cold HO, extracted with EtOAc. Organic laver was washed with brine. dried
over anhvdrous NaoSOs and concentrated under reduced pressure. Product obtained was
purified by CombiFlash (50% EtOAc/heptane) to afford 4-2 phenvl N-(4-bromothiazo}l-2-
ylycarbamate (0.15 g). 'H NMR: {400 MHz. DMSO-ds) 8 = 12.60 (br s, 1H), 7.48 - 7.43 (m,
2H), 7.34 - 7.22 (m, 4H): LOMS: [M+H]” 7301

[0089] Step-2: 1-{4-bromuthiazel-2-y1)-3-{(48}-8-chlorochroman-4-yHurea (4-4): To a
stirred solution of phenyl N-(d-bromothiazol-2-vhcarbamate 4-2 (6.20 g, 0.66 mmol) in
MeCN (5 rol.} was added DIPEA (0.35 mi. 2.01 mmol) followed by (45)-8-chlorochroman-

4-amine hvdrochioride 4-3 (0.14 g, .66 mmol). The reaction mixture was stirred at 80 °C for
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4 h. After completion, the reaction nuxiure was diluted with water, extracted with EtQAc.
Organic laver was washed with brine, dried over anhwdrous Na:80, and concentrated under
reduced pressure. The product was purified by CombiFlash (30% EtOAc/heptane) to afford
1-{d-bromothiazol-2-yD-3-[(45)-8-chilorochroman-d-vilurea 4~4 (0.26 g). "TH NMR (400
MHz, DMSO-ds) 6= 1051 (brs, 1H), 734 (dd. J = 1.3, 79 Hz, 1H),722(dd. J= 06,78
He, 1H), 7.16 - 7.12 (m, 2H}, 691 (1, J = 7.8 He, 1H), 498 - 4.93 {m, 1H)}, 440 -4.34 (m,
1H), 430423 (m, 1H), 2.17 - 210 {m, 1H), 2.08 - 2.01 (m, 1H);, LOMS: [M+H] = 390.

[0090] Step-3: fere-butyl 2-{4-[2-[{{(48-8-chlorochroman-4-vicarbamoyiaminolthiazol-
4-yiiphenyl]pyrrelidine~-i~carboxylate {(4-6): To a stirred solution of [-(d-bromothiazol-2-
v13-3-{{45)-8-chlorochroman-4-v1jurea 4-4 (0.70 g, 1.80 mmol} in 1,4-dioxane (7 mL) and
water (3 mL) was added rerr-butyl 2-[4-(4,4,5 5-tetramethyl-1,3, 2-dioxaborolan-2~
vhphenylipyrrohidine-1-carboxylate 4-8 (0.84 g, 2.25 mmol) followed by potassium
phosphate (1.14 g 5.40 mmol) at R'T and the reaction mixture was purged with No for 10
min. To this was added Pd{amphos)}Cl; (0.25 g, 0.36 mmol) and the reaction mixture was
again purged with Nz for 5 min. The reaction mixture was heated at 100 °C for 16 h. After
completion, reaction muxture was diluted with HaO and extracted with EtOAc. Combined
organic layer was washed with brine solution, drted over anhvdrous Na:804 and concentrated
under reduced pressure. The product was purified by CombiFlash (40% EtOAc/heptane) to
afford desired product which was again purified by reverse phase colunm chromatography to
afford rerr-butyi 2-{4-[2-[[(45)-8-chiorochroman-4-vi|carbamoyianunolthiazol-4-
vliphenylipyrrolidine-1-carboxylate 4-6 {0.2¢ g) 'H NMR (400 MHz, DMSO-ds) § = 10.44
(brs, 1H),7.77(4, J =64 Hz, 2H), 743 (s, IH), 735 (4. /=77 Hz, IH), 725(d, J =77
He 1H)YL 718 (d,J = 7.5 Hz, 3H), 6.92 (. J = 7.8 Hz, 1H), 4.99 (q.J = 6.2 Hz, 1H). 486 -
468 (m, 1H), 4.45-435 (m. 1H). 427 (1,J = 82 Hz, 1H), 3.58 -3.42 (m, 2H}, 233 - 213
(., 2H), 2.07 €s, TH), 1.86 - 1.69 (m, 3H), 1.41 - 1.07 {m. 9Hy LOMS. [M+H]" = 555.

[0091] Step-4: 1-[(45)-8-chlorochroman-4-yij-3-[4-(d-pyrrolidin-2-yiphenylithiazol-2-
yilurea (4-7): To a stured solution of ferr-butyl 2-[4-[2-[[{45)-8-chlorochroman-4-
vijcarbamoylaminothiazol-4-y1phenvipyrrolidine- I-carboxylate 4-6 (0.17 g, 0.30 mmol) in
1 4-dioxane (5 mL) was added 4M HCi in 1 4-dioxane (4 mL} at 0 °C. The reaction mixiure
was stivred at 25 °C for 2 h. After completion, the reaction mixtare was concentrated under
reduced pressure. The product was triturated with EtOAc to afford 1-{(45)-8-chlorochroman-
4-y1}-3-{4-{4-pyrrolidin-2-yiphenylthiazol-2-vijurea 4-7 {0.15 g). 'H NMR: (400 MHz,
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DMSO-de) 3= 10.55 (brs. TH), 9.76 {brs, FH). $.83 (brs, 1H). 7.91 (d./ = 7.9 Hz, 2H),
7.58 - 7.51 (m, ZH), 7.39 - 7.32 (m. 2H), 7.25 (4. J = 7.7 Hz. 1H). 6.92 (1. J = 7.8 Hz, 1H),
499 (d.J ~ 6.4 Hz, 1H), 4.56 (br s, 1H), 4.44 - 4.36 {m, 1H), 433 - 4.24 (m, 1H), 3.57 (s,
1H), 3.40 - 3.27 (m, 2H), 2.38 (d, J ~ 5.5 He, 1H), 2.18 - 2.00 (n, 4H), LOMS: [M+H] =
455.

[009Z] Step-5: 1-{{45)-8-chlorachreman-4-ylj-3-{4-[4-[pyrrolidin-2-yliphenyijthiazel-2-
yHurea (Examples 4 and 5): 1-[(45)-8-chlorochroman-4-y1}-3-|2-(4-pyrrolidin-2-
ylphenvi)thiazol-4-yljurea 4-7 (0.15 g} was submitied for chiral-HPLC separation to afford
Example 4 (0.04 g) and Example 5 (0.02 g). The absolute stereochenustry of these products

was not determined.

10093] Example 4: 'H NMR (400 MHz, DMSO-ds) 5 = 7.75 (d, J = 8.3 He, 2H), 7.41 (.
TH). 737 (d.J = &6 Hy, 2FD), 7.34 (4. = 1.3 Hy, 1FD. 7.27 - 722 (m, 1H), 7.12(d, T = 7.8
Hz, 1H), 6.92 (t, J = 7.8 Hz, 1H), 4.98 (q, . = 6.3 Hz, 1H), 4.45 - 435 (m, 1H), 4.33 - 4.22
(m, 1H), 4.04 (5,7 = 7.6 Hz, 1H), 3.06 - 2.99 (m, 1H). 2.94 - 2.85 (m, 1H), 2.22 - 2.00 (m,
3H). 1.83 - 1.68 {m, 2H), 1.54 - 1.42 (. 1H), LOMS: [M+H]™ = 456,

2H), 746 - 7.39 (o, 3H), 7.34 (dd,J = 1.3, 7.9 Hz, 2H), 7.25 (d,J = 7.1 Hz, 1H), 6.92 (1. J =
7.8 Hz, 1H), 4.99(q, / = 6.3 Hz, 1H), 444 - 4.35 (m, 1H), 4.33 - 425 (m, 1H). 423 - 4.18
(m. 1H), 3.17 - 3.09 (m, 1H), 3.06 - 2.97 (m, 1H}. 2.25 - 2.12 (m. 2H), 2.10 - 2.01 (m, 1H),
1.91 - 179 (m, 2H), 172 - 1.61 (m, 1H); LOMS: [M+H]" = 456,

[6094] Example 5: TH NMR (400 MHz DMSO-ds) §= €26 (s, 1H), 7.80(d, J ~ 8.4 Hz,
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Exampie 6 and Example 7: Synthesis of 1-(2-(1-{Z2-aminopropyl)-1H-pyrazol-3-
yhthiazol-4-y1}-3-(($}-8-chlorochroman-4-yljurea

: D P
HN"BW Ci\\/ \/j ,J\ /A\N’ &r
s :
HO\:Z . \;/’" H H
R - PUCH(dppNBCM, KPCy
\‘r'QB“ Ny CMBP, PACH; A a NNy Dioxane, MO
""" 7 l\c' =TT ey <\ = NHBoc
‘ Step-1 Step-2
81 83

o Q P s
ol Q /'\ ,L'\ ‘/)"*\/\ »N/\’Y 4 M HCl in dioxane CE\I/\ i )—i

l ,/J H NHBoc Stop-3
5-5
O/\T o} 5 5 N e
; ion Clu_h A, [ e N
Chiral separation ; X "N’LL‘N/LN ‘iﬂr—! TH;
Stap-4 =~ H H

Examples S and 7

* Absolute sterecchemistry not determined

[0005] Step-i: sert-butyl (1-(3-(4,4.5,5-tetramethyl- 1,3, 2-disxaborelan-2.yB- 1 H-pyrazel-
-yhpropan-2-yhearbamate (6-3): To a stirred solution of fert-butyl N-(2-hydroxy-1-
methyl-ethylcarbamate 6-2 (0.50 g, 2. 85 muool) in toluene (R mL) was added 3-(4,4.5,5-
tetramethvi-1,3 2-dioxaborolan-2-v-1 H-pyrazole 6-1 {(0.66 g, 3.42 mumol} and the reaction
mixture was purged with nitrogen for 10 min. To this was added
cvanomethyvlenetrnibutylphosphorane {0.75 mL, 2.85 mmol} and the resulting reaction mixture
was stirred at 80 °C for 12 b, Afler completion, the reaction mixture was evaporated under
reduced pressure to afford reri-butyvi N-| i-methxfE-Z-E3--(4}@_5n5—tetra;methvi--l7’3,‘2-

dioxaborolan-2-yDpyrazol-1-yijethvljcarbamate 6-3 {1.00 g}, LOMS: [M+H] -

[0096] Step-Z: fert-butyl {(1-(3-(4-(3-((5)-8~chlovochroman-4-yhureido)thiazol-2-yl)- 1 H-
pyrazel-1-yhpropan-2-yhcarbamate {6-8): To a stirred solution of 1-(2-bromothiazol-4-
vi}-3-{(45-8-chlorochroman-4-yijurea 6-4 (0.50 g, 1.13 munol} in 1 ,4-dioxane (15 mL} and
wader (1.5 mL} was added rerr-butyl M-[1-methyvl-2-[3-(4,4,5 S5-teiramethyi-1,3,2-
dioxaborolan-2-yUpyrazol-i-vllethyljcarbamate 6-3 (1.19 g, 3.40 ramol) followed by KsPOy
{0.72 g, 3.40 mmol} at RT and the reaction mixture was purged with Nz for 15 nun. To this
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was added Pd{dpphHCl; complex with DCM (.04 g, 0.05 nmunol) and the reaction mixture was
stirred at 85 °C for 2 h. After completion, reaction mixture was gquenched with H;0 and
filtered through Celite bed. The filtrate was extracted with the EtQAc, combined organic
laver was washed with brine, dned over anhvdrous NaxSQu and concentrated under reduced
pressure. The product was purified by CombiFiash to afford teri-butvl (1-G3-(4-3-((5)-§-
chlorochroman-4-y Dureido ythiazol-2-vl)-1 H-pyrazol-1 -vi}propan-2-yljcarbamate 6-58 ({0.15
g). 'H NMR (400 MHz, DMSO-ds) § = 9.07 (s, 1H), 7.48 (s, 1H), 7.36 - 7.20 (m, 3H), 6.98
(d.J=74Hz 1H). 690, J=76Hz 1H), 6.72 (brs, 1H), 663 {d, J =83 Hz, 1H), 4.98 -
491 (m, 1H), 457(dd. J =46, 129Hz 1H},438(d J=63Hz 2H). 424 (1.7 =90 Hz,
1H), 397 -390 (m, 1H), 217 -2.10 (m, 1H), 197 (s, TH), 1.26 - 113 (m, 9H), 097 {d, J =
6.5 Hz, 2H), LCMS: [MH+H]" = 533,

[0097] Step-3: 1-(2-(3-(Z-aminepropyl)-1H-pyrazol-3-yithiazel-4-y13-3-((3}-8-
chiorochroman-4-ylurea (6-6): To a stirred solution of fers-buty! (3-(3-(4-(3-({(5)-8-
chlorochroman-4-yureidoythiazol-2-vl)-1 H-pyrazol-1-vlipropan-2-yljcarbamate 6-8 (.15 g,
(.16 mmol} in DPCM (1.5 mL), 4.0 M HCl in dioxane (0.006 g, 0.15 mmol} was added at 0
°C. Reaction roixture was stirred at 25 °C for | h. Afier completion. the reaction muxiure was
evaporated under reduced pressure. The product was washed with EtOA¢ and concentrated
under reduced pressure to afford 1-(2-(1-(2-aminopropyi)-1H-pyrazol-3-y1thiazol-4-y1}-3-

{S)-8-chlorochroman-4-vlijurea 6-6 (0. 11 g). LOMS: [M+H]" ™ 433

[0098] Step-4: 1-(3-(3-(2-aminopropyl)-1H-pyrazol-3-yDthiazei-4-y13-3-((8)-8-
chiorochroman-4-yljurea (Examples 6 and 7); 1-{2-{1-(2-aminopropyipyrazol-3-
vijthiazol-4-y1}-3-[{45)-8-chlorochroman-4-yijurea 6-6 (0.11 g} was submitted to chiral-
HPLC separation to afford Example 6 (0.01 g) and Example 7. The absolute stereochenustry

of these products was not determined.

[0099] Example 6: 'H NMR (400 MHz, DMSO-de) & = 9.45 (s, [H). 7.59(d, ./ = 2.1 Hz.
TH), 7.38 - 7.30 (m, 2H), 7.25 (dd, J = 0.7, 7.7 Hz, 1H), 7.05 (4, J = 8.0 Hz, 1H), 6.91 (1, J =
7.8 Haz. 1H), 6.84 (d, 7= 2.1 Hz, 1H), 5.87 - 5.63 (m, 2H), 5.01 - 4.92 {m, 1H), 455 (d.J =
6.3 Hz. 2H), 4.45 - 4.36 (o, TH). 4.30 - 4.22 (m, 1H), 3.53 - 3.41 (m. TH). 2.20 - 2.10 (m,
TH). 2.06 - 1.94 (m. 1H). 1.06 (d, J = 6.6 Hz, 3H) LOMS: [M+H]" =434,

[0100] Example 7: 'H NMR (400 MHz, DMSO-ds) § = 9.21 (s, 1H), 7.54 (d. / = 2.0 Hz,
1H), 7.36 - 7.31 (m, 2H), 7.26 (. = 7.4 Hz, 1H), 6.97 - 6.89 (m, 2H). 6.78 {d, ./ = 2.0 Hz,
62



WO 2025/019407 PCT/US2024/038000

1H), 4.96 (q.J = 6.2 He. 1H). 440 (d.J = 5.6 Hz, 3H). 429 - 422 (nu 1H), 3.23(d.J = 6.4
Hz 1H). 221 - 2,10 (m, 1H), 2.08 - 1.98 (m. 1H). 0.92 (d.J = 6.5 Hz, 3H): LCMS: [M+H]

Example 8: Synthesis of {(8)-1-(8-chlorochreman-4-y1}-3-(2-(L-ethyl- 1 H-pyrazol-4-
yhithiazol-4-yhurea

<0

! \.J\

7 o \;—“—N

52 .
0/\7 K3PO,, Pd{dppfiCi, DOM o~ S, o~
; nxane. ] N
a “\1«/ ,1\ - dioxane ;0 Ci\ﬁ’j‘\ ":\rk\ ' C:\’a

(/,E N H ~ B

81 Example 8

[0101] Step-1: 1-[{4~{8})-8-chlorochroman-4-y1]-3-[2-(3-ethyipyrazel-4-yhthiazol-4-
vijurea (Example 8): To a stitred solution of 1-{2-bromothiazol-4-y1-3-[(45)-8-
chiorochroman-4-vijurea 8-1 €0.20 g 0.51 mmol} in 1 4-dioxane (4 mL) and water {1 mL}
was added KsPOs (0.32 g, 1.54 mumol) followed by 1-ethvl-4-(4.4,5 5-tetramethy}-1.3,2~
dioxaborolan-2-vDpyrazole 8-2 (0.13 g, 0.61 mmol) and the reaction mixture was degassed
with argon for 30 min. To this was added Pd{dppDCLDCOM (0.02 g, 0.02 ramol} at RT. The
reaction nuxture was stirred at 90 °C for 4 h. After completion of reaction, the reaction
vxture was filiered with Celite bed. The filtraie was diluted with H2O and exiracted with
EtGAc. Combined organic layer was washed with brine, dried over anhydrous Nap80O4 and
concenirated under reduced pressure to vield the compound which was purified using combi-
flash (50% EtDAc/n-heptane) to afford Example 8 (0.06 g). 'H NMR (400 MHz, DMSO-ds)
5=9014 (s, 1H), 826 (s, 1K), 7.82 (s, 1H), 733 {dd, J= 13, 79 Hz 1H), 726 - 7.22 (m,
TH), 7.08 (s, TH). 6.94 - 6.84 {m. 2H), 4.98 - 491 (m, 1H), 4.44 - 4.35 (m., 1H), 428 - 4.21
(m, 1H), 417 {q, /=73 Hz, 2H), 2.20 - 2.09 (m, 1H}, 2.06 - 1.93 (my, 1H), 1.3 (1, J=73
He, 3H), LCMS: [M+H]" = 404,
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Example 9: Synthesis of 1-[{45}-8-chlorochroman-4-vi{-3-{2-(2-pyridyDithiazol-4-yijurea

s Ne= ) s
O | > _____ / hydrazine hydrate, - Naz=
N - M= EtOH /[’ g [ ‘B
: )-—-{\ } + BV\V/H\O/\ - O\\‘ N \\{/ ............ BOH . D\»./’L-N % J
o S Step-1 QFt Step-2 &H
8.1 92 2-3 HaN~ 84
S Nz=
. i ;“Q P
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Step-3 Y = Step-4 o Vo Step-8  HNT N -
Na  as 3-8 2.7
Py
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cx-\L - S g
L 8B
i DSC, Py, GHLON P o
ii. 3-8, DIPEA, o \, o ﬁ"*’;\m i
OHRCN T Ay ’»,,NJKNAN/ t Y
Step-6 k,// BoH
Example 8

[(102] Step-1: ethyl 2-(Z-pyridylithiazcle-d-carbeoxylate (9-3): To a stirred solution of
sthvl 3-bromo-2-oxo-propancate 9-2 (1.40 mL, 10.90 mmol) in ethanol (15 mL) was added
pytidine-2-carbothicamide 8-1 (1.30 g, 10.90 mmol} at RT. Resulting maxiure was stirred at
70 °C for 12 h. After completion of the reaction, reaction mixture was concentrated wnder
reduced pressure. Material was dissolved in ethyi acetate. Organic layer was washed with
water, brine, dried over anhydrous NaxSOs and concentrated under reduced pressure. Product
was purified by colunm chromatography (2% MeQH/DCM) 1o afford ethyl 2-(2-
pyridyljthiazole-4-carboxylate 9-3 (2.20 g). "H NMR {400 MHz, DMSO-de) 8= 1.33 (1, J =
5.0Hz 3H), 435{q,. /=68 He, 2H) 755 (L. /=80 He, 1H). 800 ¢, J=T72 Hx, 1H), 8.16
(d.J=84Hz, H), 8.60 (s, 1H), 8.66(d.J =4 4 Hz 1H), LOMS: IM+H]" =235

[0103] Step-2: 2-(2-pyridyi}thiazele~-4-carbohydrazide (9-4): To a stirred solution of ethyl
2-(2-pvndvhthiazole-4-carboxylate 9-3 (2.00 g. 8.45 munol} in ethanol (35 mL) was added
hydrazine hydrate (2.00 mL, 56.70 mmol) at RT. The resulting reaction nuxture was stirred at
100 °C for 16 h. After completion of reaction, reaction nuxture was diluted in ice water to get
the solid which was filiered and dried under reduced pressure to afford 2-(2-pynidyhithiazole-

4-carbohydrazide 9-4 (1.50 ). 'H NMR (400 MHz, DMSO-ds) 5 = 9.81 - 9.76 (m, 1H), 8.65
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(brs. 1H), 8.36 - 8.28 (m. 2H), 8.06 - 8.00 (m, 1H). 7.57 - 7.52 (m. LH), 4.62 - 4.55 (m, 2H):;
LOMS: [M+H] =221,

[0104] Step-3: 2-(2-pyridyi}thiazole~-4-carbonyl azide (9-8): To a stirred solulion of 2-(2-
pyridyithiazole-4-carbohydrazide 9-4 (1.10 g, 4 99 mmol} in acetic acid {15 mL} was added
sodium mitrite (0.48 g, 6.99 mmol) at § *C for 30 mun followed by at RT for 2 h. After
completion of reaction, reaction mixture was quenched with ice water to get the solid which
was filtered and dried under reduced pressure to afford 2-(2-pyridylithiazole-4-carbonvl azide

9.5 (0.80 g).

[0103] Step-4: beneyl N-[2-(2-pyridyDthiazol-d-yljcarbamate (9-6): A solofion of 2-(2-
pyvadyhthiazole~-4-carbonyl azide 9-8 {0.90 g, 3.89% nynol} in benzyvl alcobol {(BnOH} (15 mi,
58.40 mmol} was stirred at 110 °C for 12 h. After completion of reaction, reaction mixiure
was concentrated under the reduced pressure. Product was purified by silica gel flash
chromatography using (20% EtOAc/k-heptane) to afford benzyl N-[2-(Z-pyudyDithiazol-4-

vljcarbamate 9-6¢ (0.60 g}, LCMS: [M+H] =312

[0106] Step-5: 2-(2-pyridyiithiazel-4-amine (9-7h A solution of benzyl N-{2-(2-
pyridyythiazoi-4-yljcarbamate 9-6 (0.60 g, 1.93 mmol} in trifluoromethanesulfonic acid
(3.00 mL, 34.00 mmol) was stirred at RT for 2 h. After completion of reaction, reaction
mixture was guenched with saturated NaHCOs solution and extracted with DCM. Combined
organic layer was dried over anhydrous NapS{k and concentrated under reduced pressure 1o
get 2-(2-pyridyDthiazol-4-arnine 9-7 (0. 11 g); {H NMR (400 MHz, DMSO-ds) § = 8 57 - 8 55
{m, IH), 797 - 794 {(m, 1H), 7.92-7.88 (m, 1H), 743 - 739 (m, 1H), 3.31 (1H), 5.48 (s,
ZHy LOMS: IM+H] = 178

{107} Step-6: 1-[(48)-8-chlorochroman-4-yi}-3-{2-{2-pyridyijthiszoel-4-yHurea (Example
&2} To astirred solution of 2-(2-pyridylithiazol-d-amine 9-7 (0.06 g, €.33 mmol} in MeCN
(3 oL} was added N.N-disuccimmidyl carbonate (0.04 g, ¢.16 mmol) followed by pyndine
{0.02 mi.. 0.33 mmol) at RT and the resulting reaction mixiure was stirred at RT for 20 mn.
To this was added (45)-8-chlorochroman-4-amine 9-8 (0.06 g, 0.33 mmol} followed by
DIPEA (0.18 mL, 1.02 mmol) at 0 °C. The reaction mixture was stivred at RT for 1 h. After
completion of reaction, reaction mixture was diluted with water and extracted with EtOAc.
Combined organic layer was washed with brine, dried over anhydrous Na:S04 and
concentrated under reduced pressure 1o get a product that was purified by reverse phase flash

- o
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chromatography to afford 1-[{45)-8-chlorochroman-4-v1i-3-[2-Q-pynidvthiazol-4-vilurea
Exampie 9 (0.07 g). 'H NMR (400 MHz, DMSO-ds} §=9.26 (s, 1H), .61 (d, =39 Hz,
1H), 7.99 - 7.93 (m, 2H}, 7.51 - 7.46 {m. 1H), 7.38 - 7.25 (m, 3H), 6.95 - 6.88 (m, 2H), 4.97
{d,J=57Hz, 1H), 4.45 - 438 (m, 1H},4.30-4.23 (i, 1H), 2.15{d, J=4.4 He, 1H), 2.03
(d, /=44 Hz, 1H) LUMS: [M+H}" =387,

Example 10: Synthesis of 1-](4%-8-chlerochroman-4-y1}-3-{2-(4-pyridyijthiazel-4-

yllurea
s L.CIG.EL, TEA, THF Bu-OH s
P =2, i NaN == u- -~ S
HO ,A'“\ I N = ‘ />‘ — /E ?“J\m N
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';N‘ N \J 3 /j
Step-3 B 104 Step-3 &

Example 18

[0108] Step-i: 2»(4npvridyi)thi:ﬁmie@mcarbﬁnvi azide (14-2): To a stirred solution of 2-(4-
pynidviythiazole-4-carboxylic acid 16-1 (4.50 g, 2.38 mmol) in THF (5 mL) was added TEA
(0,67 mL, 4.75 mmol} followed by ethyl chloroformate (0.35 mb, 3.56 mmol) at 0 °C.
Reaction mixture was stirred at RT for 2 h. To this was added sodium azide (0.78 g, 11.90
mmoly at RT. The reaction mixture was stirred at RT {or 4 h. Aflier completion of the
reaction. reaction mixiure was diluted with water and was extracted by ethyl acetate.
Combined organic layer was washed with brine, dried over anhydrous NaxSO4 and
concentrated under reduced pressure to afford 2-(4-pyridyDithiazole-4-carbonyl azide 16-2

{0.50 g), whic =232

[0109] Step-2: fer-butyl N-{2-(4-pyridyithiazel-4-yl]carbamate {10-3): A solution of 2-
(4-pyridyiithiarole-d-carbonyl azide 10-2 (0.33 g, 1.30 mmol) in ferr-butanol (6 mL) was
stisred at 100 °C for 12 b, After completion of reaction, reaction mixture was concentrated
under reduced pressure. The product was diluted with water and extracted with EtOAc. The
combined organic layer was washed with brine, dried over anhvdrous Na:SO4, and

concentrated under reduced pressure. The product was purified by the CombiFlach (30%
66
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EtOAc/n-Heptane) to afford fers-butyl N-{2-(4-pyrudy Dthiazol-4-vicarbamate 18-3 (0.20 g).
H NMR (400 MHz. DMSQO-de) §=10.32 (5, 1H), 9.07 (s, 1H), 8.65(d. /=32 Hz 1H), 821
(d, = 8 Mz, 1H} 7.55 - 7.52 (m, 1H), 7.35 (s, 1H), 1.48 (s, SH)Y;, LUMS: [M+H]" =277

[0110] Step-3: 2-{4-pyridythiazoi-4-amine (10-4}: To a stirred solution of ferf-butyl N-{2~
{4-pyvridviyhiazol-d-vlicarbamate 16-3 (1.38 g, 1.36 mymol) in DCM (5 ml} was added TFA
(.32 mi., 4.07 mmol} at 0 °C. Reaction was stirred at RT for 4 h. After completion of the
reaction, reaction muxture was directly concentrated under reduced pressure to afford 2-(4-
pyridylithiazol-4-amine (0.20 g), which was used such as for the next reaction. LCMS:

IM+H] = 178

[0511] Step~-4: 1-[(45)-8-chlorochroman-4-yi}-3-12~(4-pyridyl)thiazol-4-yijurea (Example
18}: To stirred sohution of 2-(4-pyridvijhiazol-4-amine 16-4 {0.18 g, 0.96 mmol) in MeCN (6
i) was added N A -disuccinimidvl carbonate {(0.25 g, 0.96 mwnol) followed by pyridine
{108 mi, 0.96 mmol) at RT. The resulting reaction mixture was stirred at RT for 30 nun. To
this was addad DIPEA (0.32 mL, 2.8% mmol} followed by (45)-8-chlorochroman-4-

amine HCY 10-3 (0.22 g, 0.96 mmol) at 0 °C and reaction was stirred al 0 °C for 4 h. After
completion of the reaction, reaction mixture was concentrated under reduced pressure.
Material was dissolved in EtOAc. Organic laver was washed with 2N HCL, H20, brine, dried
over anhydrous Na:80; and concentrated under reduced pressure. Product obtained was
purified by CombiFlash (309 EtQAc/hexane} to afford 1-[(43)-8-chlorochroman-4-v1i}-3-{2-
{4-pyridyhithiazol-4-vlurea Example 10 (0.13 g} 'H NMR (400 Mz DMSO-de) 8 =935
(brs, 1H), 871 - 8.67 {m, ZH), 781 - 7.78 {m. 2H), 7.46 (s, 1H)}, 7.34 (d. /=73 Hz, 1H),
726 (d. J = 7.3 Hz. 1H). 6.94 - 6.89 (m, 2H), 5.00 - 4.94 (m, 1H). 4.40 (d, /= 5.9 Hz, 1H),
427 (d.J=78Hz 1), 221 - 211 (m, 1H), 2.07 - 1 99 {m, 1H}, LCMS: [M+H]" = 387,

jos
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Example 11: Synthesis of (5)-1-(8-chlorochroman-4-v1)-3-(2-phenyithiazol-4-ylurea

o"\j
C:-\?i, \J/ A"NH;
S 412
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carbonate

) B Q/\j O =3 Vo
I s’}"{} DIPEA, Pyridine, CH;ON C;\YJW)"’NA'N"JQ\N}N{-‘:}
. . [ H H

2 Siep-1 K.fj‘.

191

Exampie 1%

[0112] Step-1: To a stirred solution of 2-phenvithiazol-4-amine 11-1 (0.08 g, .45 mmol) in
Me{N (2 mL} was added pyridine {0.03 mL, 6.45 mumol) followed by N N'-disuccinimidy]
carbonate (0.12 g, 0.45 mmol} and the resulting reaction mixture was stirred at RT for 30
min. To this solution was added {45)-8-chiorochroman-~4-amine 11-2 (0.08 g, .45 momol)
followed by DIPEA (0.24 mb, 1.36 mmol} and the reaction mixture was stirred at RT for 12
h. After completion, the reaction mixture was concentrated under reduced pressure. The
product was dissolved i EiQAc and washed with water and brine solution. The organic laver
was dried over anhydrous Nap8QO4 and concentrated under reduced pressure. The product was
punfied by preparative HPLC to afford Example 11 {0.02 g). "H NMR (400 MHz, DMSO-
ds} 6925 (s, 1H), 7.89 - 7.82 (m, 2H), 7.52 - 746 {m, 3H), 7.37 - 7.32 (m, 1H), 7.26 {br s,
2H), 6.96 - 6,89 (m, ZH), 5.00-4.93 {m, 1H), 445-438(m, 1H), 429-4.22 {m, {H), 220~
1.98 (m, 2H): LCMS: [M+H]" = 386,

Example 12;: Synthesis of (¥)-1-(8-fluerochroman-4-yi}-3-{Z-phenylthiszel-4-ylhurea
P

oW

& 422
N, N disuccinimidyl

carbonaie 8 .

5 oren ), L0

/ﬁ\’ />~\/f—"\§ DIPEA Pyriding, CH,CN F\[)\\/"’N/L\N sN/}L/

HyNT N ==/ Stend H J H H
ap- 7
12-1 Exampls 12

[0113] Step-1: To a stisred solution of 2-phenylthiazol-4-amine 12-1 (0.07 g, 0.40 mmol} in
MeCN (2 mL) was added pyridine {0.03 mL, 9.40 ramol) followed by ¥ N'-disucciramidyl

carbonate {0.10 g. 0.40 nunol} and the resulting reaction muxture was stirred at RT for 30
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min. To this solution was added (45)-8-fluorochroman-4-anune 12-2 (0.07 g 0.40 manol)
followed by DIPEA (0.21 mi, 1.19 mmol} and reaction was stirred at RT for 12 h. After
completion, the reaction mixture was concentrated under reduced pressure. The product was
dissolved in EiOAc and washed with water and brine solution. The organic laver was dried
over anhvdrous NapSOs and concentrated under reduced pressure. The product was purified
by preparative HPLC to afford Example 12 (0.02 g). '"H NMR (400 MHz, DMSO-ds) 6 =
926 (brs, 1F), 7.85 (4, 2H), 7.48 (br s, 3H), 7.26 (5, 1H), 7.15 - 7.08 {m, 2H}, 6.95 - 6.86 {(m,
2HD, 4.96 (4, 1TH), 4.36 {brs, 1HD, 4.22 1, 1H), 2.15(d, 1), 2.02 (d, 1H), LCMS: [M+H}+ =
374,

Example 13: Synthesis of (§)-1-{chroman-4-yi}-3-(2-phenylthiazol-d-yurea

PhE(OH),.
Pf&%ﬁ}“ 8 e LiOHH0, s e OPPA
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T, /> _____ < \TEA ,U\ ) @ DIPEA Pyridine, CHyCN (J\(/J.,,N)\N/LN <,_/
Boge, A~ N = pNT N N i1 ® H

Stepd Step-§ Sy

134 135 Example 13

[0114] Step-1: ethyl 2-phenylihiazole-4-carboxyiate (13-2}: To a degassed solution of
ethyl 2-bromothiazole-4-carboxylate 13-1 {0.50 g, 2.12 mmol), phenviboronic acid (0.39 g,
318 mmol) and KoCO: (0.73 g 5.29 mimol) i toluene (8 mb) and water (2 ml) was added
PA(PPhs) (.25 g, 0.21 munol} and the reaction mixture was stirred at 100 °C for 14 h. After
completion, the reaction nuxture was quenched with H>O, extracted with EtOAc. The organic
tayer was washed with brine, dried over anhydrous NaxSQ0s, and concentrated under reduced
pressure. The product obtained was purified by CombiFlash {20% EtOAc/hexane) to afford
13-2 (0.30 g). '"H NMR (400 MHz, DMSO-de) 5 = 8.58 (s, 1H). 7.99 (d. 2H), 7.54 {br s, 3H).
4.39 - 4.32 (m, 2H), 1.34 (1, 3H); LCMS: [M+H]T = 234,

[0115] Step-2: 2-phenylihiazole-4-carboxylic acid {13-3): To a stirred solution of 13-2
{0.20 g, .86 mumol) in THF/MeOH/H:0 (4: 111, 6 mL) was added LIOHHO (0 11 g, 2.57
mmol) and the reaction nuxture was stirred at RY for 12 h. After completion, the reaction

6%
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mixture was concentrated and diluted with H20. The pH was adjusted with 2N HCl and the
precipitated solid was filtered and dried under reduced pressure to afford 13-3 (0.10 g} 'H
NMR (400 MHz, DMSQO-ds) & = 13.11 ¢bs, 1H}, 849 (s, 1H), 7.98 - 7.97 {m, 2H), 7.53 {(br s,
3H); LOMS: [M+H] = 205,

[0116] Step-3: fert-butyl C-phenylthiazol-d-yhcarbamate (13-4): To a stirred solution of
13-3 (0.20 g, 0.98 mmol) in fer-butanol (2 mb) was added tniethylamine (0.27 mi, 1.95
mmol) followed by diphenyiphosphoryi azide (0.27 mL, 1.27 mmol) and the reaction mixture
was stirred at 90 °C for 12 h. Afler completion, the reaction was quenched with H20 and
extracted with BtOAc. The orgamc layver was washed with brine, dried over anhvdrous
NazS0,, and concentrated under reduced pressure. The product obtained was purified by
CombiFlash chromatography (20% FtOAc/hesane) to afford 13-4 (0.07 g). 'H NMR (400
MHz, DMSO-ds) 8 =10.27 (brs. 1), 7.88 - 7.86 (m, 2H), 7.52 - 7.46 (m. 3H). 7.25 (s. 18},
1.47 (s. 9H): LOMS: {M-56]" = 221,

[0117] Step-4: 2-phenylthiazol-4-amine {13-8): To a stirred solution of 13-4 (040 g, 1.45
mmol) in BCM (2 mb) was added TFA {0.69 g. 579 munol} at 0 °C and the resulting mixture
was stirred at RT for 4 h. After completion, the reaction nuxture was concentrated ander
reduced pressure. The product was triturated with diethyl ether and n-pentane to afford 13.8

{0.30 g. TFA salt), which was used directly for the next reaction.

{0118} Step-5: {$)-1-{chroman-4-yi}-3-(2-phenyithiazel-d-yhurea (Example 13): Toa
stirred solution of {(48)-chiroman-4-amine 13-6 (.09 g, 0.567 mmol} in MeCN (2 mbL} was
added pyridine (0.09 mL, 1.13 nunol) followed by N N-disuccinimoidy! carbonate (0.15 g,
.57 mmol) and the resuiting reaction mixture was stirred at RT for 30 nun. To thus solution
was added 2-phenvithiazol-d-amine 13-8 (0 10 g, 0.57 mmol) followed by DIPEA (0.30 mL,
1.70 myool} and the reaction nuxture was stirred at RT for 12 b, After completion, the
reaction mixture was concenirated under reduced pressure. The product was dissolved in
EtGAc and washed with water and brine solution. The organic laver was dried over
anhydrous NapS04 and concenirated under reduced pressure. The product was pusified by
preparative HPLC to afford Example 13 (0.01 g). 'H NMR (400 MHz, DMSO-ds} § =925 -
.20 (m. 1H). 7.85 (d, 2H). 7.47 (br 5. 3H). 7.30 - 7.24 (m. 2H), 7.20 - 7.14 (m. 1H). 6.93 -
6.87 (m, 2H}, 6.83 - 6.78 {m, 1H), 4.94 - 4.87 {m, 1H). 431 -4.24 (m, 1H}, 417 - 4.10 {m,
THY, 217 - 2.07 (m, LH), 1.99 (br s, TH): LCMS: [M+H]" = 352,
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Exampile 14: Synthesis of (8)-1-(8-chiorochroman-4-yH-3-2-(pyridin-3-yi}thiazol-4-

yhurea
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.S _ - Q0 L)
) ~=N DIPEA Pyridine, CH,CN E s /{ >
[ > N N Y
HzN”L‘N %_f) 1 H H

Step-1 11\4,

144 Example 14
[0119] Step-1: To astirred solution of 2-(3-pvridvijthiazol-4-amine 14-31 (3.30 ¢, 1.69 mmol)
in MeCUN (10 mL) was added pyndine (0.14 mL, 1.69 mmol), N V'-disuccinimidy} carbonate
{0.43 g, 1.69 mmol) and the reaction maxture was stirred at RT for 45 min. To this soluation
was added DIPEA (0.89 mi., 5.08 mmol) and (45)-8-chlorochroman-4-amine hydrochlonde
14-2 {0.37 2. 1.69 mmol) and the reaction mixture was stirred at RT for 4 h. After
completion, the reaction mixture was quenched with water and extracted with EtQ0Ac. The
combined organic layer was washed with brine, dred over anhydrous Nao8Q, and evaporated
under reduced pressure. The product was purified by preparative HPLC 1o afford Example
14 (0.04 g). 'H NMR (400 MHz. DMSO-ds) 5= 9 34 (br s, 1H), 9.06 (br s, 1H), 8.65 (d, 1H),
821 ¢d, 1H), 7.56 - 7.50 {m, 1), 7.39 - 7.30 (m, 2ZH), 7.26 (d, 1H}, 6.95 - 6.88 (m, 2H}, 4.97
(d, 1H). 445 - 437 (m, 1H}, 430 -4.23 (o, TH), 222 - 211 (m, TH), 2.07 - 1.97 (m. 1H);
LOMS: [M+H] =387,
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Example 15: Synthesis of 1-{(48)-8-chlorochroman-4-yij-3-(Z-cyclopropylthiazol-4-

yhurea
&
1. Ethylchioroformate \[ B 153
TEA, THF s N e -
Sy ' / X o“} o 8
B N gy 2NN . Br“&g\r% PheH; S A A A ,E\N?“*Br
NN ; N7 N
,\g Step-1 ; Step-2 \[ 2 H oH
151 152 “ 154
(HOYB—]
158
G004, Po{dppfiCI2 O“/\\g o —~8
Toluene-water o A A, /Lf %Q‘
o g ~AN
Step-3 \T,/A\\I’ ﬁ g
L
Example 18

{4120} Step-1: 2-bromothiazole-d-carbenyl aride (15-2): To a suspension of 2-
bromothiazole-4-carboxvlic acid 18-1 {2.50 g, 12.0 mmol) in THF (5 mL) was added TEA
(2.00 mL, 14.40 mmol) at 0 °C followed by ethyl chloroformate (1.40 mL, 14.4 mmol).
Reaction mixture was stirred at RT for 1 h. To the above reaction mixture was added aqusous
solution of sodivim azide (5.86 g, 90.10 mumol) and stirred at RT for 2 h. After completion.
reaction muxture was dilated with HzO and extracted with EtOAc. The combined organic
layer was washed with brine, dried over anhydrous Na:S0O4 and concentrated under reduced

pressure 1o oblain 2-bromothiazole~-d-carbonyl azide 18-2 (2.40 g). LCMS: [M+H]" = 205

{121} Step-2: §-(2-bromothiazol-4-y1)-3-[{48)-8-chlorochroman-d-ylurea (15-4%: A
solution of 2-bromothiazole-4-carbony! azide 15-2 (2.50 g, 10.7 mmol) n toluene (20 ml)
was stirred at 90 °C for 18 nun. To the above reaction mixture was added (45)-8-
chlorochroman-4-amine hydrochloride 158-3 (2.36 g, 10.70 mmol) and stirred at 90 °C for 12
h. After completion, reaction mixture was concentrated under reduced pressure to obtain a
product which was punfied by CombiFlash to obtain 18-4 1-(2-bromothiazol-4-y1)-3-[(45)-8-
chlorochroman-4-yijurea (1.99 g). LCMS: [MHH] = 390.

[0322] Step-3: 1-}{(48)-8-chlorachroman-4-yi}-3-{2-cyclopropyithiazel-4-yhiurea
{(Example 15): To a stirred solution of 1-(2-bromothiazol-d-vi}-3-[{45}-8-chiorochroman-4-
vljurea 54 (0.18 g, 0.476 mumol} in toluene (3 mL) and water (I mL} was added cesium

T
i
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carbounate (0.31 g, 0.95 myuol) followed by cvclopropylboromic acid 15-5{0.06 g, .71 mmol)
at RT. The reaction mixture was purged with argon for 5 mun. To this was added Pd{dppDiCh
{0.07 g, .09 mmol) and again purged with argon for 5 min. The reaction mixture was stirred
at 80 °C for 12 h. After corapletion of reaction, the reaction mixture was diluted with waler
and extracted with EtQAc. The combined organic layer was washed with brine. dried over
anhy drous NaxSQOu and concentrated under reduced pressure. The product was purified by
prep-HPLC to afford Example 15 (0.04 o). 'H NMK: (400 MHz DMSO-dg) § = 9.01 (s, 1TD,
732(dd, J=14 T9Hx 1H), 723-720{(m, 1H), 6.93-6.87 {m, 2H), 6.79(d, J = 79 Hz,
1H}, 492(q. J = 10Hz 1HL442-4350n, 1H), 426-4.19 (m, 1H)Y. 234 - 2.25 (m, 1H),
237 -2.07 (m, 1H), 2.01 - 1.93 (m, 1H), 1.10 - 1.03 {m, 2H), 0.89 - 0.84 (m, 2H); LCMS:
[M+HT = 350,

Esample 16: Synthesis of 1-{(45)-8-chlorochroman-4-yl}-3-{2-(3-methyipyrazol-4-

yijthiazol-d-yilurea
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Example 18

[0123] Step-1: (Fers-batyl N-[2-(L-methylpyrazel-3-vhthiazol-d-yllcarbamate (16-3): Toa
degassed solution of feri-butyl N-(2-bromothiazol-4-ylcarbamate 16-1 {(0.30 ¢, 1.07 mumol)
and T-methyi-3-{4.4.5 5-tetramethyl-1.3,2-dioxaborolan-2-vlpvrazole 16-2 (0.33 g, 1.61
mmol ) in 1,4-dioxane (12 mL} and water (4 mL) was added KoC(:(0.44 g, 3.22 mmol)
followed by Pd(PPha). {0.12 g, 0.10 nuool). Reaction nmuxiure was stirred at 90 °C for 16 h.
Afier completion, the reaction nuxture was quenched with H(O and extracted with EtOAc.

Combined organic layer was washed with brine (10 mL), dried over anhydrous Na;S0s and
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concentrated under reduced pressure. The product was purified by the CombiFlash column
{35% EtOAc/n-heptane) to afford (ferr-butyl N-{2-(1-methyipvrazol-3-yiythiazol-4-
vljcarbamate 16-3 (0.27 g). LCMS: (M+H)" = 281.

[0124] Step-2: 2-{L-methyipyrazol-4-vijthiazel-4-amine {16-4): A mixture of reri-buivi N-
[2-(V-moethvipyrazol-3-v Dthiazol-4-yijcarbamate 16-3 (0.01 g, $.03 romol) and TFA (0. 10
mi} was stirred at 0 °C for 135 mun followed by at RT for 4 h. After completion, reaction
mixture was concenirated under reduced pressure to afford 2-(1-methvipyrazol-4-yijthiazol-

4-amine 16~4 (.01 g, TFA salt) which was used divectly for the next reaction.

[0125] Step-3: 1-[(45)-8-chlorochroman-4-yi}-3-[2-(I-methyipyrazol-4-yhHithiazel-4-
yiurea (Example 16): To a stirred solution of {45)-8-chlorochroman-~-4-amine hydrochloride
16-8 {0.25 g. 1.15 mmol) in MeCN (10 mL) was added pyridine (0.20 mb., 2.31 mmol). The
resulting reaction mixture was stirred at RT for 30 min. To this was added 2-(1-
methvlpyrazol-4-yhthiazol-4~amine hydrochlonde 16-4 (0.17 g, 0.80 nunol} followed by
DIPEA (0.85 mbL, 4.61 nunol} and the reaction mixture was stirred at 27 °C for 2 h. After
completion, reaction mixture was guenched with HzO, extracted with DCM. Combined
organic layer was washed with brine, dried over anhydrous NaS04 and concentrated under
reduced pressure. The product was purified by prep HPLC to afford Example 16 (0.05 g},
THNMR (400 MHZ, DMSO-ds) 8=9.15 (s, 1H), 8.22 (s, 1H). 7.81 {d,/ = 0.8 Hz, 1H), 7.33
{dd,.J - 1.4, 79 He, 1H), 7.24{d,J - 7.8 Hz, 1H), 7.05 (5, 1H), 6.95 - 6.81 {m, 2H), 498 -
492 (m, 1H). 4.43-4.37 (m, 1H). 428 -423 (o, 1H), 388 (s, 3H). 2.18- 212 (m, 1H}. 2.04
- 199 {m, iH), LCMS: [M+H] =390
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Example 17: Synthesis of 1-{(48)-8-chlorochroman-4-vi}-3-{2-(4-

methylsuifonyiphenyithiazol-4-yijurea

HG = 9
B N
HO

"2
172
PACi,{dppf)-CHaCly «
i S,,\“B KaPOy, Dioxans, HO ,ff’:}“%/z\ ¢ TFA, DCM ﬁ—$>_ (&\ ¢
4 2w Boo. p B I s
Bcc\ﬁ/\?" Step-1 00;}; NN/ ki stepZ g N \_/ g.’
174 173 17-4
o™
G‘N ety
LA ars
i. DSC, Py, CH,ON .
i, 17-8, DIPEA, o o j.—-s S
; ! /i S
CHGCN CE\I/L\ .,,N)\N, WLy §
Step-3 L s oM

Exampie 17

[0126] Step-1: fers-butyl N-{2-(4-methylsulfonylphenylthinzol-4-vijcarbamate (17-3): To
astisred solution of ters-butyl N-(2-bromothiazol-4-vhcarbamate 17-1 (0.50 g, 1.79 mmol) in
I 4-dioxane (Z mL) was added (d-methylsulfonviphenviboronic acid 17-2 (0.53 g, 2.69
mmol} followed by KePOs (114 g, 53.37 mmol) in water (0.5 mL} at RT. The reaction muxture
was purged with argon for 20 min and then added [1,1'-
bis{diphenylphosphinoerroceneidichloropaliadium (IF) complex with dichloromethane (0.03
& 0.10 romol) at RT. The reaction was stured at 100 °C for 2 h. After completion, reaction
was quenched with Ho(3, extracted with EtQOAc. Combined organic layer was washed with
brine, dried over anhydrous NasS04 and concentrated under reduced pressure. The product
was purified by CombiFlash chromatography (40% EtQAc/heptane) to afford fert-butyl N-[2-
{4-methylsuifonylphenyijthiazol-4-yljcarbamate 17-3 {0.40 g). '"H NMR (400 MHz, DMSO-
ds} &= 1038 {brs, 1H}, 8.14 - 8.11 {(m, 2H), 806 - 8.03 {m, 2H}, 7.41 (s, 1H}, 3.26 (s, 3H},
1.48 (5, 9y LCMS: [M+H]" = 355.

[0127] Step-2: 2-{(4-methylsulfenyiphenylythiazel-4-amine (17-4): To a stirred solution of
fert-butvl ¥-[2-(4-methylsulfonviphenyijthigzol-4-vijcarbamaie 17-3 (0.20 g, 0.536 mmol) in
DCM (2 mL) was added TFA (0.32 g, 2.82 mmal) at 0 °C. Reaction mixture was stirred at
RT for t h. Afier completion, the reaction was gquenched with saturated NaHCGOs and agueous
laver was extracted with EtOAc, Combined organic ayer was washed with brine solution,

&
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dried over anhydrous Nax80y and concentrated under reduced pressure. Product was
triturated from heptane to afford 2-{4-methylsulfonyiphenyijthiazol-4-amine 17-4 (0.08 g,
TFA salt) which was used directly for the next reaction. 'H NMR (400 MHz, DMSO-d) &=
8.08 - .05 (m, 2H), §.00 ~ 7.97 {m, ZH}, 6.10 (3, 1H), 5.60 (br s, 2H), 3.25 (s, 3H). LCMS:
[MHHT = 255.

[012&] Step-3: 1-{{45)-8-chlorachroman-4-ylj-3-{2-{4-methylsulfonyiphenyijthiazol-4-
yHurea (Example 17): To a stirred solution of 2-{4-methvisulfonyiphenyl)thiazoi-4-amine
17-4 (0.08 g. 0.32 munol} in MeCN (8 mL) was added N A'-disuccinimidyl carbonaie (0.23 g,
(.98 munol} followed by pyridine {0.05 g, 0.653 mmol) at RT. The resulting mixture was
stirred at RT for 15 min. To this was added (45)-8-chlorochroman-4-amine 17-8 {0.06 g 0.32
mmol} followed by DIPEA (0.05 mL, 0.32 mmol} and stirred at RT for 4 h. After completion,
reaction mixture was diluted with HoO and extracted with BtOAc. Combined organic layer
was washed with bring, dried over anhvdrous Na»SQ4 and concentrated under reduced
pressure. The product was purified by CombiFlash chromatography (40% EtQAc/heptane) to
afford Example 17 (0.02 g). 'H NMR (400 MHz, DMSO-ds) § = 9.36 (5, 1H), 8.13 - 810 (m,
2H), 8.04 -~ 8.02(m, ZH), 743 (5, 1H), 7.34 (dd,J = 1.4. 79 He, 1H), 7.26{d,/ =79 Hz,
1H), 6.94 - 690 {m, 2H), 5.00-4.94 (m, 1H), 444 - 438 {m, 1H), 4.29-423 (m, IH), 3.26
(s, 3H), 2.20 - 2.12 {m, 1H), 2.06 - 2.00 (m, 1H); LCMS: (M+H)" = 464

Esample 18: Synthesis of 1-[{45)-8-chlorechroman-4-y1}-3-[2-[4-(methylsulfamoyl}
phenyl] thiazol-4-yljurea
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[0529] Step-1: rert-butyl N-[2-14-(methylsulfamoyl) phenyl] thiazel-4-yvi] carbamate (18-
3): To a stirred solution of [4-(methyvisulfamovl) phenvl} boronic acid 18-2 (0.57 g 2.69
mmol} in 1, 4 dioxane (8 mL) and water (2 mL} was added rers-butvl N-(2-bromothiazol-4-
vl carbamate 18-1 (0.50 g, 1.79 mnol} followed by KaPOs (1.14 g, 5.37 mmol} and the
reaction nuxture was degassed for 15 min. To the resulting reaction mixture was added
Pd(dppHCl2 complex with dichloromethane (0.26 g 0.35 mmol) and degassed for 10 min.
The reaction mixture was stirred at 100 °C for 4 h. After completion, reaction mixture was
quenched with HzO, extracted with E1OAc. Organmc laver was washed with brine, dried over
anhydrous NazS04, and concentrated under reduced pressure. The product obtained was
purified by CombiFlash (20% EtDAc/hexane) to afford ferr-butyl N-{2-}4-{methvisulfamovl}
phenyi} thiazol-4-v1] carbamate 18-3 {0.50 ¢). "H NMR (400 Mz, DMSO-de) § = 10.36 (br
s. 1H). 8.08 (d,/ = 8.3 Hz, ZH). 7.89(d. J = 8.3 Hz, 2H), 7.56 (d. J = 4.4 Hz, 1H), 739 (s,
1H). 2.45 (d, J = 3.9 Fz, 3H), 1.48 (s, 9H).

[¢130] Step-2: 4-(4-aminethiazel-2-yD-N-methyl-benzenesulfonamide {18-4}: A mixture
of tert-butyl N-{2-{4-{methyisulfamoyi} phenyl} thiazol-4-vl} carbamate 18-3 (0.40 g, 1.08
mimoly and TEA (8.00 vol.) was stitred at O °C for 1 h. After completion, reaction roixture

was concentrated under reduced pressure. The product was quenched with saturated NaHCOz
solution, extracted with EtQAc. Organic faver was washed with brine, dried over anhvdrous
Nap$0O, and concentrated under reduced pressure to afford 4-{(4-amivothiazol-2-v1}-N-moethyl-
benzenesulfonamide 18-4 (0.30 g}, 'H NMR (400 MHz, DMSO-ds) § =8.02 (d, J = 8.4 Hz,
2H), 7.834{d, J = 84 Hz 2H), 7.53- 750 (m, 1H). 6.07 (s, 15}, 5.57{s, 2H}, 244 {d. J = 852
He, 34 LOMS: [M+H] = 270,

[0131] Step-3: 1-[{(45)-8-chlorochroman-4-yi}-3-12-[4-(methylsuifamoyl) phenyl] thiazel-
4-yljurea (Example 18): To a stirred solution of 4-(4-aminothiazol-2-vi}-N-methvl-
benzeneswifonamide 18-4 (G.15 g. 0.55 mmol) in MeCUN {5 mL) was added N N-
disnccimmidyl carbonate (0.14 g, 0.55 mmol} followed by pyridine {0.04 mL, 0.55 mmol}.
Reaction nuxture was stirred af RT for 435 min. Reaction muxiure was cooled to 0 °C. was
added DIEPA (0.29 mL, 1.65 mmol} followed by (45)-8-chlorochroman-4-
aminehydrochloride 18-85 (.12 g, 0.55 mmol) and stirred at 0 *C for 3 h. After completion,
reaction mixture was quenched with FO and the aqueons laver was extracted with EtOAc,
The combined organic laver was washed with brineg, dried over anhydrous Na:z804 and
concentrated under reduced pressure to vield product. The product was purified by

~
i
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CombiFlash (20% FtQAc/n-heptane} o afford Example 18 (0.09 g). 'H NMR (400 MHz,
DMSO-ds}) 8=934 (s, 1H), 807(d. J=85Hz 2H), 7TR7(d. J =835 Hz 2H), 757 (g. J =
5.0Hz 1H), 740 (s, 1H), 734 (dd, 7= 1.4, 79 Hz 1H), 726(d,J =78 Hz, 1H), 692, J =
T8 Hz 2, 497 (0, — 6.1 He, 1H), 444 - 438 (m, 1H), 428 - 4.23 {my, [H), 244 (d, J ~
5.0 Hz, 3H), 2.19 - 2.13 (m, 1H), 2.06 - 2.02 {(m, 1H): LCMS: [M+H|" =479

Example 19: Synthesis of 1-]{(45}-8-chlerochroman-4-y1}-3-{2-(3-

meihylroifonyiphenyl)thiazol-d-yijurea
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Step-3

Exampie 19

[01372] Siep-1: fert-butyl No[2-(G-methylsulfonylphenylyihiazol-d-ylcarbamate (19-3): To
a stirred solution of (3-methyisulfonviphenviboronic acid 19-2 (0.04 g. 0.21 nunol} in 1.4~
dioxans (2 mL) and HzO (0.5 mL) were added ferf-butvl N-(2-bromothiazol-4-vijcarbamate
19-1 (0.05 g, 0.17 mmol) and KsPO4 (0.1 g, 0.53 mmol} at RT. The reaction mixture was
purged with argon gas for 30 mun. To the resulting reaction nuxture was added (1,1-
his{diphenviphosphino}ferrocenepaliadium (1) dichioride ($.03 g, 0.03 mmwol} at RT and
suiting mixture was degassed for 10 min. The reaction mixture was maintained at 80 °C for
3 h. After completion, the reaction mixture was quenched with H>0 and extracted with
EtQAc The combined organic layer was washed with brine, duied over anhydrous NapSO4
and concentrated under reduced pressure to afford ferr-butyl N-{2-(3-
methyvisulfonyiphenylthiazol-d-ylicarbamaie 19-3 (0.04 g). LOMS: [M+H]' = 299
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tert-butyl N-{2-(3-methyisulfonyiphenyiithiazol-d-vijcarbamate 19-3 (0.50 g. 1.41 mmol) in
DCM (2 mL) was added TFA (1.10 mL, 14.10 mmol) at 0 °C. Reaction mixture was stirred at
RT for 4 h. After completion, the reaction mixture was gquenched with sodium bicarbonate
solution and extracted with EtOAc. Combined organic laver was washed with brine, dried
over anhvdrous NaoS{h, and concentrated under reduced pressure to afford 2-3-

methylsulfonylphenyiithiazol-4-amine 19-4 (0.33 g, TFA salt). LCMS: [M+H] =255

[0134] Step-3: 1~[(45)-8-chlorochroman-4-yi}-3-[2-3-methylculfonyiphenylyihiazei-4-
yvilurea (Example 19): To a stirved solution of compound 2-(3-
methvisulfonylphenyljthiazol-4-amine 19-4 (.10 g, 0.39 mmol) in MeCN {3 mL) was added
pyridine {0.03 ok, 0.39 mmol) followed by N, N'-disuccinimidyl carbonate (0.10 g, 0.40
mmol} and reaction mixture was stirred at RT for 13 min. To this was added (45)-8-
chlorochroman-4-amine hvdrochloride 19-8 (.08 g, 0.39 mmol} followed bv DIPEA (0.22
mL, 1.18 mmol) and the reaction was stirred at RT for 4 h. After completion, reaction
mixture was guenched with 0 and extracted with EtOAc. The combined orgamic laver was
washed with brine, dried over anhydrous NapSQO4 and concenirated under reduced pressure to
obtain product. The product was purified by prep-HPLC to afford Example 19 (0.06 g). 'H
NMR (400 MHz, DMSO-ds) § = 9.40 (s, 1H}). 836 (£, J = 1.6 Hz, 1H), 820 - 817 (m, 1H),
R.02(d.J = 8.5 Hz 1H), 778 (L7 = 7.9 He 1H), 739 (s, 1H). 734 (dd, J = 1.3, 7.9 Hz. 1H).
725(d,J=78Hz 1H),692(t.J=78Hz 1H),683(d,J=80Hz 1H}, 497 (q,J =64
Hz, TH), 4.43 - 4.38 (m, 1H), 4.28 - 4.24 (m, 1H). 3.29 (s, 3H), 2.19 - 2.14 (m, 1H), 2.07 -
201 (m, 1H}Y LCMS: [M+H] = 464
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Example 20: Synthesis of 4-{4-[[{45)-8-chlorochroman-4-yijcarbamoylamine|thiazol-2-

yil-N-methyl-benzamide
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Example 20

[0135] Step-1: fert-butyl N-{2-{4-(methylcarbamoyl)phenyl]thiazol-4-ylicarbamate (20-
3): To a stirred solution of rert-butyl N-(2-bromothiazol-4-yvijcarbamate 26-1 (0.50 g, 1.79
mmol) and [4-(methylcarbamoyphenyliboronic acid 20-2 {0.38 ¢, 2.15 amol) in 1,4~
dioxane {10 mL}, potassium phosphate {1.14 g, 5.37 mmol) was added dissolved in water {2
mL) and the reaction muxture was purged with argon for 30 min. To the resulting reaction
matxiure, Pd(dppHCL-BCM {008 g, 0.107 mmol) was added and the reaction mixture was
again purged with argon for 20 min. The reaction mixture was stitred at 100 °C for 16 h
Afier completion of reaction, the reaction mixture was filtered through Cehite and washed
with ethvi acetate. The filtrate was diluted with cold water and extracted with ethyi acetaie.
Combined organic laver was washed with water and brine, dried over anhvdrous Na:S(O: and
concentrated under reduced pressure. The product was purified by silica gel colunmn
chromatography (60% EtDAc/hexane) to afford reri-butyl N-{2-[4-
{methylcarbamovl)phenvijthiazol-4-ylicarbamate 26-3 (0.55 g3 LOMS: [M+H] =334,

[3136] Step-2: 4-{4-aminsthiazel-2-yI}-Nomethyl-benzamide (26-4): A solution of rferf-
butyl N-[2-{4-(methyicarbamovDphenyijthiazol-4-ylicarbamate 20-3 (0.38 g. 1.14 ramol) 1o
TFA (0.44 mL. 370 mmol} was stirred at 30 °C for 1 h. Afier completion of reaction, the
reaction mixture was concentrated nnder reduced pressure, pH 8 was adjusted with NaHCOs

solution and the agueous layer was extracted with ethvl acetate. Combined organic layver was

80
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dried over anhvdrous NSO and concenirated under reduced pressure. The product was
purified by flash column chromatography (80% EtOAc/Heptane) to afford 4-(4-aminothiazol-

2-yi}-N-methyl-benzamide 20-4 (0.20 g} LCMS: {M+H]} " = 234

[0137] Step-3: 4-[4-{](451-8-chlorochroman-4-yljcarbamoylamine]thiazel-2-y1]-N-
methyl-benzamide (Example 20): To a stirred solution of 4-(4-aminothiazol-2-v1}-N-
methvl-benzamide 26-4 (0.09 g, 0.40 mmol) in MeCUN (2 mi ) was added pyridine (C.06 mL,
(.81 mmol) followed by A N'-disuccininnudyi carbonate {0.10 2. 0.40 mmol) at RT and
reaction mixture was stirred for 15 min. To this was added (45)-8-chlorochroman-4-amine
hydrochlioride 26-8 {0.09 g, 0.40 mmol) followed by DIPEA {0.30 ml., 1.63 momol) and the
resulting reaction mixture was stirred at RT for 4 h. After completion, reaction mixture was
gquenched with 1120 and extracied with EtQAc. The combined organic layer was washed with
brine, dried over anhydrous Na:SO4 and concentrated under reduced pressure. The product
was purified by prep-HPLC to afford Example 20 {0.01 g). 'H NMR (400 MHz. DMSO-de}
§=9.30 (s, 1H), 8.54 (g, J = 4.2 Hz, 1H), 7.93 (s, 4H), 7.35 - 7.32 (m. 2H). 7.26 (d.J = 7.8
Hz, 1H), 6.94 - 6.90 (m, 2H}, 499 - 494 (m, 1H), 443 - 438 (m, 1}, 4.28 - 423 (m, 1H},
280 (4,7 = 4.5 He, 3H), 2.19 - 2.14 (m, 1H), 2.06 - 2.01 (m, 1H), LCMS: [M+H]" = 443,

81
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Example 21: Synthesis of 5-{4-[[{45)-8-chlorochroman-4-yijcarbamoylamine|thiazol-2-

yi-N-methyl-pyridine-2-carboxamide
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Example 24

[0138] Step-1: methyl §-[4-(feri-butoxycarbonylaminoythiazoel-2-ylipyridine-2~
carbexylate (21-3): To a degassed solution of methyl 5-(4,4.5 5-tetramethyvl-1,3.2-
dioxaborolan-2-vlypyridine-2-carboxylate 21-2 (.14 g, 0.537 nunol}, feri-butyl N-(2-

bromothiazol-4-vicarbamate 23-1 (0.10 g, .35 mmol) and K3P04 (0.22 g, 1.07 mmol} in

1.4-dioxane {4 mL} and water (1 mi.}, PACh{dppl) complex with dichloromethane (0.05 g,
(.07 nwool} was added and the reaction mixture was stirved at 100 °C for 14 h. After
completion, reaction was quenched with HO, aqueous laver was extracted with EtOAc
Organic laver was washed with bring, dried over anhydrous Na:SO4, and concentrated under
reduced pressure. The product was purified by CombiFlash to afford methyl 3-[4-(rert-
butoxycarbonyviaminoithiazol-2-vljpyridine-2-carboxviate 23-3 (0.03 g). 'H NMR (400 MHz,
DMSO-de) & = 10.44 (brs, 1H), 9.19 (brs, 1H), 8.41 - 8.39 (m, 1H), 8.1& - 8.16 (m, 1H).
746 (s, 1), 3.91 (s, 3H), 1 48 (s, 9H), LOMS: [M+H] = 336,

[0139] Step-2: S-jd-(fert-butoxycarbonylamino thiazol-2-yl pyridine-2-carboxylic acid

{21-4): To a solution of methyl 5-[4-{ferr-butoxycarbonylamino)thiazol-2-yljpyridina-2-
82
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carboxvlate 21-3 {(0.30 g, .89 manol) in THF (6 mb ) methanol (2 b} water {2 mb) was
added LiOH H0 (011 g, 2.68 mmol) and the reaction mixture was stirred at RT for 2 h
After completion, reaction muxture was concentrated. The product was diluted with H; 0. pH
was adjusted with 2N HCL and precipitated solid was {iltered, dried under reduced pressure to
afford 5-{4-{reri-butoxvearbonylanunojthiazol-2-vipyridine-2-carboxylic acid 21-4 (0.20 g).
LOCMS: [M+H]" =322,

[(0140] Step-3: fert-butyl N-[2-{6-{methylcarbamoyD-3-pyridylithiarol-4-yljcarbamaie
{21-8): To a stirred solution of 5-{4-(rerf-butoxycarbonylaminojthiazol-2-vlHpvrdine-2-
carboxvlic acid 21-4 {0.20 g, 0.62 vamol) m DMF {2 mbL) was added methyiamine
hydrochloride (0.06 g, 0.93 mmol} followed by addition of HATU (0.35 g, 0.93 mmol) and
the reaction mixiure was stirred at RT for 12 h. After completion, reaclion mixture was
quenched by addition of waler and preciptiated solid was filtered. dried under reduced
pressure to afford ferr-butyl N-|2-16-(methyicarbamovh)-3-pyvridyl fthiazol-4-viicarbamate 2 §-
£(0.13 g). "H NMR (400 MHz, DMSO-ds) § = 10.38 (brs, 1H). 9.08 (s, 1H). 8.81 (br s, 1H),
8.40 - 838 (m, 1), 8.14 - .12 {m, [H), 7.46 - 7.42 (m, 1Y), 2.84 {m, 3H), 1.48 {s, OH);
LCMS: [M+H]" =335,

[0141] Step-4: S-{4-aminothiazel-2-yl}-N-methyl-pyridine-2-carboxamide (21-6): A
mixture of rerf-butyl N-[2-[6-(methylcarbamoyi)-3-pyridvijthiazol-4-yljcarbamate 21-8 (0.13
g, 0.38 mumol) and TFA (0.59 mL, 7.78 mumol) was stirred at 0 °C for 10 min followed by at
RT for | h. After completion, reaction nuxture was concenirated under reduced pressure. The
product 21-6 was triturated using diethyl ether and used directly for the next reaction. LCMS:
[M+H] " =235,

[0142] Step-8: 8-[4-[1(48)-8~chlorochroman-4-yljcarbamoylamine {thiazel-2-vij-N-
methyl-pyridine-2-cavboxamide (Example 21): To a stivred solution of 5-{4-aminothiazol-
2-yi}-N-methyl-pyridine-2-carboxanude 21-6 (0.07 g, 0.299 mmol) in MeCUN (2 mL} was
added pynidine (0.07 mL, (.89 mmol} foliowed by N N'-disuccinimidy! carbonate (0.07 g,
0.30 mmol). Resulting reaction mixture was stirred at RT for 20 muin. To this was added (45)-
R-chlorochroman-d~-amine 21-7 (0.03 g. .29 romol) followed by BIPEA (0. 16 mL, 0.89
mmol) and reaction mixture was stirred at 30 °C for 4 h. After completion, reaction mixture
was concentrated under reduced pressure and product obtained was dissolved in EtOAc.

Organic laver was washed with 2N HCL H20, brine solution, dried over anhydrous NaxSOq
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and concentrated under reduced pressure. The product was purified by prep-HPLC to afford
Exampie 21 (0.003 g). "H NMR (400 MHz, DMSO-ds) 3 =9.40 (5. 1H), 9.08 (d,/ = 1.6 Hz,
1H), 883 (d,J =351 Hz 1H)YL83%9(dd, /=22, 82Hz IH), 812,/ =81 Hx, 1H), 745
(s, 1H}, 7.34 (dd, J - 1.2, 79 He, 1H), 7.26 {d, J — 79 Hz, 1H), 6.94 - 6.87 {m, 2, 5.01 -
4.93 (m. 1H), 4.43 - 438 (m, 1H). 4.29 - 4.22 (m. 1H). 2.84 (d, J = 4 9 Hz. 3H), 2.19 - 2.15
(m, TH), 2.07 - 2.03 (m, 1H) LOMS: [M+H] =445

Examuple 22: Synthesis of 1-{(48)-8-chlorochreman-4-y1}-3-[2-{3-
(methybulfamoylphenyi]thiazob4-yHurea
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Exampie 22

[0143] Step-1: fert-butyl N-[2-{3-(methylzulfamoyl)phenyl{thiazol-4-yljcarbamate (22-
33: To a stirred solution of rert-buty]l N-(2-bromothiazol-4-yijcarbamate 22-1 (0.50 g, 1.79
mmol) and [3-(methvisulfzmovhiphenyi]borenic acid 22-2 (0,38 g, 1.79 mmol) in 1,4-dioxane
(10 mbL). KePO4 (.14 g, 5.37 nimol) was added dissolved in water (5 mL} and the reaction
mixture was purgad with argon for 30 min. To the resuliing reaction mixture, Pd{dppH(l
complex with dichloromethane {0.29 g, 0.35 mmol) was added and the reaction mixtiwe was
agam purged with argon for 20 min. The reaction muxture was stirred at 100 °C for 16 h.
After completion of reaction, the reaction mixtore was filtered through Celite and washed
with ethyl acetate. The filirate was diluted with cold water and extracted with ethyvi acetate.

Cornbined organic layer was washed with water and brine, dried over anhydrous NaxSO: and
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concenirated under reduced pressure to afford fersf-butyl N-[2-[3-
{methylsul famovhphenvi}thiazol-4-v1|carbamate 22-3 {0.50 g). LCMS: [M+H]" =370

[0144] Step-2: 3-(4-aminothiazel-2-yl-N-methyl-benzenesulfonamide {22-4): To a stirred
solution of fers-butyl N-[2-{3-{methvisulfamoyviiphenyijthiazol-4-vljcarbamate 22-3 (.10 g,
(.27 romol) was added TFA (021 mbL, 2.71 nuool} at 8 °C and the reaction nuxture was
stirred at that temperature for 1 b, After completion, reaction nuxture was concentrated under
reduced pressure. The product was quenched with saturated NaHCOs solution, agueous layer
was exiracted with EtOAc. Organic layer was washed with brine, dried over anhvdrous
Na:SO4 and concentrated under reduced pressurs to afford 3-(4-aminothiazol-2-yD-N-methyl-

benzenesulfonamide 22-4 (C.07 g). LCMS: [M+H] =270

[0145] Step-3: §-}(45)-8-chlorochroman-4-yi}-3-{12-[ 3-(methylsalfamoyphenyljthiazol-
4-yiurea (Example 223 To a stirred sohution of 3-(4-aminothiazol-2-y-N-methyl-
benzenesulfonamide 22-4 (0.07 g, 0.26 myuol) in MeCN (8 mbL) was added pyridine (0.04 g,
5.52 mmol) followed by N N-disuccinimidyl carbonate {0.06 g, 0.26 numol}. The resulting
mixture was stirred at 25 °C for 30 min. To this was added {(45}-8-chlorochroman-4-amine
22~5 (0.04 g. 0.26 mmol) followed by DIPEA (0,10 g, 0.78 mmol} and the reaction mixture
was stirred at 25 °C for 12 h. After completion, reaction mixture was concentrated under
reduced pressure. The product was diluted with water and solid obtained was filtered, dried
under reduced pressure. The product was purified by prep HPLC to afford Example 22 (0.0]
@), "H NMR (400 MHz DMSO-ds) 5= 9.39 (s, IH), 826 (. J = L6 Hz IHL 811 (L J =76
Hz, 1H), 785 (d. J =51 Hz 1H),776- 771 {m, 1H). 7.61 {4,/ = 5.0Hz, 1H), 7.38 (s, I1H).
734 (dd, J = 1.4. 7.9 Hz, 1H)Y. 7.25(d. J = 7.0 Hz, 1H), 6.92(t,J = 7.8 Hz, 1H}, 6.83 (4, J =
79 Hz 1H), 497 {(q,./ =63 Hz, 1H), 443 -438 (m, 1H), 429-423 (m, 1H), 244 {d, J =
50 Hz 3H), 219 - 2,14 {m, 1H}, 2.06 - 2.02 (m, 1H) LCMS: [M+H]" =479
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Example 23: Synthesis of methyl 4-14-}{(45)-8-chlorochroman-4-

yvijcarbamoylamine]thiazol-2-yi|-2-flucre-benzoate
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Example 23

[0146] Step-i: methyl 4-]4-(fers-butoxycarbonyiamine) thiazol-2-vlj-2-fluero-benzoate
{23-3): To a stirred solution of (3-fluoro-4-methoxy carbonyl-phenyhboronic acid 23-2 (0.42
g, 2.15 mmotl} and ferf-butyl N-(2-bromothiazol-4-yijcarbamate 23-1 (0.50 g, 1.79 mmol} in
1.4-dioxane (10 mL) and water {2 mL} was added KaPO4 (1.14 g, 5.37 mmol} and the
reaction maxiure was degassed for 30 mim. To the resulting reaction mixhure was added (1.1~
his{diphenyiphosphino)ferrocene)palladium (31) dichloride (6.29 g, 0.35 mmol) and degassed
for another 10 nun. The reaction nuxture was stirred at 80 °C for 16 h. After completion,
reaction was quenched with HoO, extracted with EtOAc. Organic layer was washed with
brine, dried over anhydrous NaxSO4 and concertrated wnder reduced pressure. Product
obtained was purified by CombiFlash (5-10% EtO Ac/Hexane) to afford methy! 4-[4-(ver-
butoxycarbonylamino) thiazol-2-vi}-2-fluoro-benzoate 23-3 (0.40 g). "H NMR. (400 MHz,
DMSO-fe) 6= 10.37 (brs. 1H), 803 - 7.99 {m, 1H}, 7.84 - 7.77 (m, 2¥1), 7.43 (s, 1H), 3.88
(s, 3H), L48 (s, 9H ). LOCMS: [M+H]" =297,

[0147] Step-2: methyl 4-(4-aminothiazol-2-yi)-2-fluore-benzoate (23-4): A solution of
methyl 4-[4-{feri-butoxy carbonylaminojthiazol-2-y 1}-2-fluoro-benzoate 23-3 (1.00 g, 2.84
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mmol} i TFA (10 mL} was stirred at ¢ °C for 2 h. After completion. reaction mixture was
concentrated under reduced pressure. Product obtained was triturated using pentane to afford

methyl 4-(d-aminothiazol-2-y13-2-fluoro-benzoate 23-4 (0.530 g). LCMS: M+H]}" = 253,

[01438] Step-3: methyl 4-{4-[|(45-8-chlorschroman-4-yijcarbamoyiamine | thiazol-2-yi}-
2-fluoro-benzoate (23-6): To a stivred solution of methvl 4-{4-aminothiazol-2-y1}-2-fluoro-
benzoate 23-4 {(0.20 g, 0.79 mmol) in MeCN (5 mL} was added & N-disuccinimidyl
carbonate (0.20 g, 0.793 mmol)} followed by pyridine {0.06 mL. 0.79 mmo}) and the reaction
mixture was stirred at RT for 40 min. Reaction muixiure was cooled to 0 °C and DIEPA (0.42
mi., 2.38 mmol} was added followed by (45)-R-chlorochroman-4-amune hvdrochloride 23-8
{0.17 g, 0.793 mmol}. The reaction mixture weas stirred at 0 *C for 4 h. After completion,
reaction mixture was concentrated under reduced pressure and product was dissolved in
EtQAc. Organic layer was washed with 2N HCY HoQ, brine solution, dried over anhydrous
Nax$Qy and concentrated under reduced pressure. Product obtained was purified by
CombiFlash (20% EtOAc/Hexane) fo afford methyl 4-{4-[[(45)-&-chiorochroman-4-
yljcarbamoylamino]thiazol-2-vi]-2-fluoro-benzoate 23-6 (0.20 g). 'H NMR (460 MHz,
DMSO-dde} 8= 9.33 (5. 1H), 7.99 (s, 1F), 7.81 - 7.75 (ro. 2H). 7.44 (s. 1H). 729 (dd. . = 6
Hy. J = 7.6 Hz, 2H), 6.92 (d.J = 7.6 Hz. 2H). 4.96 (s, 1H). 4.39 (5. 1H), 4.25 (5. 1H), 3.87 (s,
3H), 2.14 (s, TH). 2.03 (s, 1H); LCMS: (M+H) = 462.

[0149] Step-4: 4-[4-[[(48-8-chlorochroman-4-yljcarbamoylamine]thiazol-2-yl-2~-fluoro-
N-methyi-benzamide (Example 23): A solution of methyl 4-[4-[[{4S)-8-chlorochroman-4-
vljcarbamoviamine jthiazol-2-vi-2-fluoro-benzoate 23-6 (0.05 g, 0.12 mmol} 1n methylamine
in methano! (7.00 mL} was stirred at RT for 12 h. After completion, solid was filtered undear
vacuum. The product solid was purified by prep HPLC to afford Example 23 (0.01 g). 'R
NMR (400 MHz, DMSQO-ds) 5 =930 (s, 1H.L 831 (d,J =24 Hz, 1H), 777 - 7.68 (m. 3H),
738 (s, HH), 734 (d. /=78 Hz 1HYL 726(d J =78 Hz, 1H). 6.94- 691 (m. 2H), 4.96 (q.
J=64Hz 1H), 444 - 438 {m, 1F}, 429-420 (m, 1}),2.79(d, J =44 Hz, 3H), 2.19 -
2.12 (m, 1H), 2.06 - 1.99 (m, 1H); LCMS: [M+H]" = 461,
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Example 24; Synthesis of 4-{4-[[{48)-8-chlorochroman-4-yi| carbameyl amins] thiazel-

2.yij-2-methoxy-benzamide
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Example 24

[0150] Step-1: methyl 4-[4-(ert-butoxyearbonylaming) thiazol-2-vi|-Z-methoxy-
benzoate {24-3): To a degassed solution of rers-butyl N-(2-bromothiazole-4-vlicarbamate 24-
£ (1.00 g, 5.58 mmol), 24-2 (3-methoxy-4-methoxycarbonyl-pheny}boronic acid {1.13 g,
5.37 nwool) and KaPOs (2.28 g, 10.7 mmol) in 14-dioxane (21 mlpwater {7 ml) (3:1) was
added Pd(dppNCl2(0.16 g, 6.21 ramol) and the reaction mixture was purged with argon for
10 min. Reaction mixture was stirred at 100 °C for 2 h. After complation, the organic layer
was separated. The aqueous laver was extracted with EtOAc. Combined organic layer was
washed with brine, dried over anhy drous NazSO4 and concentrated under reduced pressure to
vield product which was purified by CombiFiash (30% EtOAc/n-heptane) to afford methy! 4-
{4-{teri-buioxyvearbonyiamino) thia;f.oi—E-VEE~2-n‘;eth0xy»benzoate 24-3 (0.98 g). 'H NMR
(400 MHz, DMSO-ds)} 6= 1031 (5, TH), 775 (d. J =84 Hz, 1H), 754 (5, 1H), 7.30(d. J =
8.0 Hz, 1H), 7.34 (5. 1H). 3.88 {5, 3H), 3.79 (5, 3H}. 1.46 (5. SH); LCMS: [M+H}" =309,

[0151] Step-2: [2-(3-methoxy-4-methoxycarbonyl-phenyl) thiazel-4-yljammonium, 2,2,2-
triffueroacetate (24-4): A solution of methyl 4-{4-(fert-butoxvearbonylaming) thiazol-2-vi-

2-methoxy-benzoate 24-3 (0.35 g, 0.96 mmol) in TFA (3.5 mb) was stirved at 0 *C for 2 h.
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After completion, reaction nuxture was concenirated under reduced pressure. The product
was washed with diethvl ether to afford {2-(3-methoxy-d-methoxycarbonvi-phenvijthiazol-4-
yljammonium-2,2 2-triflacroacetate salt 24-4 (0.30 ). 'H NMR (400 MHz, DMSO-de} & =
773 (d,J — 80 Hz 1H), 7.53 (5, 1H), 746 (d. J — 8.0 M, 1H), 6.26 (s, 1H), 3.89 (s, 3H),
3.79 (s. 3H), LOMS: [M+H] = 265.

Step-3: methyl 4-[4-[{{45)-8-chlorachroman-4-yl} carbameoyl amine] thirzel-2-yi-2-
methexy-henzoate (24-6): To a stirred solution of ¥ NV'-disuccinimidyl carbonate (¢.11 g,
(.46 myool) in MeCN (8 mL} was added pyridine (0.07 ml., 0.92 romol) followed by methyl
4-{d~gminothiarol-2-vD)-2-methoxy-benzoate 24-4 (0.12 g, $.46 mamol) and the reaction
mixture was stitred at RT for 1 b To this was added DIPEA (0.24 miL. 1 39 mmol) followed
by (45)-8-chlorochroman-4-amine 24-8 (0.08 g, 0.46 mamol) and stirred at RT for 45 ymin,
Alier completion, reaction mixfure was concentrated under reduced pressure. The product
was dissolved in EtOAc, organic laver was washed with HxO, brine, dried over anhydrous
NaS(y. The organic laver was concentrated under reduced pressure to afford methy! 4-{4-
[{(45)-8-chlorochroman-4-yl] carbamovlamino] thiazol-2-v1}-2-methoxy-benzoate 24-6 (0.22

g} LOCMS: [M+H] = 474,

[0152] Step-4: 4-[4-{|{(48)-B-chiorochroman-4-yi} carbamaoy! amine| thiazol-2-yi]-2-
methoxy-benzamide (Example 243 A solution of methyl 4-[4-[[(45)-8-chlorochroman-4-v1]
carbamoyl amino] thiazol-2-vl}-2-methoxv-benzoate 24-6 (0.07 g, 0. 14 mmol} in 25%
methviamine in methanol (8 mL) was stirred at RT for 16 h. After completion, solid was
filtered. The product solid was purified by prep HPLC 1o afford Example 24 (0.01 g). 'H
NMR (400 MHz, DMSO-ds) 5 = 9.39 (s, 1H), 8.19 (4.7 ~ 4.4 Hz, 1H), 7.83(d, 7 = 8.3 Hz.
1H), 7.52 - 748 {m, 2H), 735 - 7.32 (m, 2H), 725(d. J = 7.3 Hz, 1H), 6.94 - 6.87 (m, ZH},
501 -4.94 (m, TH), 444 - 439 (m, 1H), 428~ 4.23 (m, 1H), 3.94 (5. 3H), 2.81 (d.J = 4.4
Hz 3H}, 2,18 - 213 (m, 1H), 2.05 - 2.01 {m, 1H); LCMS: [M 2H{" = 473.
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Example 25; Synthesis of 4-{4-[[{45)-8-chlorochroman-4-yijcarbamoylamine|thiazol-2-

yiibenzamide
DS
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Example 28

[0133] Step-1: fert-butyl No[2-(4-carbameyviphenylthiazol-d-yljcarbamate (25-3): To a
stirred solution of tert-butyl N-(2-bromothiazol-d-viicarbamate 28-1 (0.60 g, 2.15 mmol) and
(4-carbamoylphenyDboronic acid 25-2 {0.53 g, 3.22 mmol) in 1, 4-dioxane (10mb),
potassium phosphate {1.37 g, 6.45 mimol) was added dissolved in water (3ml} and the
reaction mixture was purged with argon for 30 min. To the resulting reaction mixture, PACI2
{dppf) (C.09 2, 0.129 mmol) was added and the reaction mixture was again purged with argon
for 20 min. The reaction rixture was stitred at 100 °C for 16 h. Afier completion of reaction,
the reaction nuxture was filtered through Celite and washed with ethvl acetate. The filtrate
was difuted with cold water and extracted with ethyl acetate. Combined organic laver was
washad with water and brine (10 mL}, dried over anhyvdrous NaxSQu and concentrated under
reduced pressure. The product was purified by silica gel coluran chromatography (60 %
EtOAc/hexane) to afford rert-butyl N-[2-{4-carbamoyiphenyiithiazol-4-yljcarbamate 25-3
{450 mg). LCMS: [M+H]' = 264,

[0154] Step-2: 4-{4-aminothiazel-2-ylibenzamide (28-4): To a stirred solution of ferf-butyl
N-[2~(4-carbamoyiphenyDHthuazol-d-vijcarbamate 25-3 (0.10 g, 0.31 mmol) in DCM (Z mL)
maintained at 0 °C was added TFA (0.24 mbL, 3.13 mmol). The reaction was stirred at RT for
4 h. After completion, reaction mixture was concentrated under reduced pressure. Product

obtamed was tritwrated using dicthyl ether and pentane, dried well {o afford 4-(4-
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aminothiazol-2-vbenzamide 25-4 {0.08 g) which was used directly for the next reaction.

LOMS: [M+HT = 220,

[0155] Step-3: 4-[4-[{{(48)-B-chlorochroman-4-yljcarbameylamine thiazol-2-
yiibenzamide (Example 258): To a stirred solution of 4-{(4-anunothiazol-2-viybenzamide 25-4
{0.07 g, .35 nupol) in MeCN (3 mL) was added N N'-disuccinimidy] carbonate (009 g, 0.33
mmol) followed by pynidine (0.02 mL, 0.35 mmol}. The resulting reaction mixture was
stirred at RT for 45 min. To this was added DIPEA (0.19 mL. 1.06 mumol) followed by (45}~
8-chlorochroman-4-amine hvdrochloride 25-5 (0.07 ¢,0.35 mmol) and the reaction mixture
was stiveed at 30 °C for 1 h. Afier completion, reaction mixture was concentrated under
reduced pressure and product obtamed was dissolved in EtOAc. Organic layer was washed
with 2N HCL, 120, brine solution, dried over anhvdrous WaxSOy and concentrated under
reduced pressure. Product obtained was purified by prep-HPLC to afford Example 28 (0.06
). 'THNMR (400 MHz, DMSO-ds) § = 9.30 (s, 1H). 8.07 (brs. 1H). 7.99 - 7.90 (m, 4H). 7.47
(brs, 1H), 7.36 - 7.32 (m, 2H). 7.26 (d, J = 7.1 Hz, 1H), 6.95 - 6.90 {m, 2H), 497 (q..J = 6.1
He, 1H), 444 - 437 (m, 1H}, 429 -4.24 (m, 1H), 2.20 - 2.12 {m, 1}, 2.06 - 1.97 (m, 1H);
LCMS: [M+H]" =429,
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Example 26: Synthesis of 4-{4-[[{45)-8-chlorochroman-4-yijcarbamoylamine|thiazol-2-

yij-2-methoxy-benzamide
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Example 28

[0156] Step-~1: methyl 4-[4-(fert-butoxycarbonyiamine)thiazol-2-yi]-2-methoxy-benzoate
{26-3): To a degassed solution of ferr-butyl N—(Z-bromothia;so}-4-yi)cmbamage I-1 (1.00 g,
3.58 mmol}, 26-2 G-methoxy-4-methoxycarbonyl-phenyiyboronic acid (1.12 g, 5.37 mmol}
and KsPOs (2.5 mi, 16.7 mamol} in 1 4~dioxane (10 ml} and water 2.5 mL )(3 1} was added
Pd{dppHClz (0,13 g, 0 21 mumol) and argon was again purged for 10 min. Reaction was
stirred at 100 °C for 2 h. After completion, the organic layer was separated. The aqueous
laver was exiracted with EtOAc. The combined organic layer was washed with brine, dried
over anhvdrous Na:SOq and concentrated under reduced pressure. The product was purified
by CombiFlash (30% EiOAc/n-heptane) to afford methvl 4-{4-{fert-

butoxycarbonylamine jthiazol-2-vi]-2-methoxy-benzoate 26-3 {0.92 g). 'H NMR {400 MHz,
DMSO-do) § = 10.33 (s, 1H), 7.76 (d, . = 8.4 Hz, 1H), 7.55 (s, 1H), 7.51 (d, J = 8.4 Hz, 1H),
7.36 (s, YH}, 3.90 (s, 3H), 3.80 (s, 3H), 1.47 (s, 9Ky LOMS: [M+H]" =365

[01S7] Step-2: methyl 4-(4-aminothiazol-2-vi)-2-methoxyvbenzoate (26-4): A solution of

methyl 4-[4-(rere-butoxy carbonylanno)thiazol-2-v1}-2-methoxy-benzoate 26-3 (0.92 g, 2.46
92
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mimol) in TFA (9.0 ml.) was stirred at 0 °C for 1 h. After cornpletion. reaction mass was
concentrated under reduced pressure. The product obtained was washed with diethwl ether to
afford methyvl 4-(4-aminothiazol-2-y1)-2-methoxybenzoate 26-4 (.75 g, TFA salt}. The
product was used divectly for the next reaction without anv farther purification. 'H NMR
(400 MHz. DMSO-de} 8 =7.73 (4. J = 7.6 Hz. 1H). 7.53 (5. 1H). 7.45 (d. J = 8.0 Hz, 1H).
6.21 (s, 1H), 4.61 {brs, 2H), 3.89 (s, 3H}, 3.79 (s, 3H); LCMS: [M+H]| " = 266.

[015&] Step-3: methyl 4-{4-[[(45)-8-chivrochroman-d-yijcarbameoylamine [ thiazel-2-yi]-
Z-methexy-benzoate (26~6): To a stirred solution of NA-disuccinimidyi carbonate (0.06 ¢,
(.26 nuool) in MeCN (4 mL) were added pyridine {0.04 mi., 0.33 mmeol) and methy! 4-{4-
aminothiazol-2-v1}-2-methoxybenzoate, TFA salt 26-4 (0.10 g, 0.265 mmol} and stirred at RT
for 1 b. To the reaction mixture was added DIPEA (0.19 mL, 1.06 mmol) followed by (45)-8-
chiorochroman-d~-amine hydrochloride 26-8 (0.05 g, 0.26 mmol) and stirred at RT for 45 min,
Afier completion. reaction mass was concentrated under reduced pressure. The product was
dissolved in EtOAc. The organic layer was washed with brine, dried over anhydrons NaxSOy
and concentrated under reduced pressure to afford methyl 4-[4-{{(45)-8-chlorochroman-4-
vljcarbamoylamino]thiazol-2-v1]-2-methoxy-benzoate 26-6 (0.08 g) 'H NMR (400 MHz,
DMSO-ds} 8=940{s, 1H), 7.75{d. J=84Hz 1H), 754 (s, J=16Hz 1H),749{d. J=
76 Hz 1H), 737 (s, 1H), 7.33-725(dd, /=72 He, J = &0 Hy, 2H), 6.93 - 6.85 (m, 2H),
497 (d,J = 8.0 Hz, 1H), 4.42 - 4.25 (m, 2H). 3.89 (s, 3H). 3.80 {m. 3H), 2.17 - 1.98 (m, 2H):
LCMS: [M+H] =474,

[0159] Step-4: 4-14-{{{48)-8-chlorechroman-4-yljcarbameyiamine]thiarel-2-vi]-2-
methoexy-henzeie acid (26-7): To a stirred solution of methy] 4-{4-{{{45)-8-chlorochroman-
4-yijcarbamoylanunojthiazol~2-vi}-2-methoxy-benzoate 26-6 {0.10 g, .21 mwmol} in
methano! (1 mL), THF (3 mL) and water {1 mL) was added LICH H0 (0.08 g, 2.11 mamol)
at 0 °C and the reaction muxture was stirred at RT for 3 h. Afier completion, reaction mass
was concentrated ander reduced pressure. The product obtained was dissolved in HoO. The
aquoous layver was acidified with dilute HCI to pH 2-3. The aqueous laver was exiracted with
EtOQAc. The combined organic layer was washed with brine, dried over anhydrous NapSQOy
and concentraied under reduced pressure to afford 4-{4-{[(48)-&-chiorochroman-4-
vljcarbamoviaminolthiazol-2-y1]-2-methoxy-benzoic acid 26-7 (.06 ). LCMS: [M+H] ™ =

460.
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[0160] Step-S: 4-}4-{[(48)-8~chlorochroman-4-yljcarbamoylamine{thiazel-2-v1]-2-
methoxy-benzamide (Example 26): To a stirred solution of 4-{4-}{(45)-8~chlorochroman-4-
yljcarbamoyviaminofthiazol-2-vi]-2-methoxy-benzoic acid 26-7 {0.16 g, 0.348 mmaol) in DMF
(3 mL} was added HATU {0.19 g, 0.52 mmol) and DIPEA {0.18 mL, .04 mmol) followed by
NH4CH0.09 2. 1.74 mmol} and the reaction nuxture was stirred at RT for 16 h. After
completion. reaction mixture was quenched with ice-cold Fh(3. The precipitated solid was
filtered under vacuum to afford Example 26 (0.01 g). 'H NMR (400 Mz, DMSQ-ds) § =
040 (s, 1H), 787 (d, 7 = 8.0 Hz, 1H), 7.68 {(brs, 1H), 7.61 (brs, 1H), 7.53 - 7.48 (m, 2H),
7.35-7.31 (m, ZH). 7.25 (4, J = 7.3 Hz. 1H), 6.94 - 6.85 (m, 2H). 5.01 - 4.94 (m, 1H), 4.44 -
43% (m, 1H), 4.29 - 424 (m, 1H}, 3.95 (3. 3H}, 2.19-2.12 (m, 1H), 2.06 - 2.00 {m, 1H};
LCMS: [M+H] =459

Example 27: Synthesis of 4-[4-[[{45)-8-chiorechreman-4-ylcarbamoylamino) thiazol-2-
yii-2-Buoro-benzamide
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Example 27

[0161] Step-1: methyl 4-]4-(fer-butoxycarbonylamine)thiazol-2-yij-2-flucro-benzoate
{27-3}: To a degassed solution of rert-buty] N-€2-bromothiazol-4-v1) carbamate 27-1 (1.00 g

3.58 mmol) was added (3~fluoro-4-methoxycarbonyl-phenyiiboronic acid 27-2 {0.85 g, 4.30

94
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mmol} followed by Kz2POy (2.28 g, 10.7 mmol) in 1 4-dioxane (10 mbL) and water (2 mL). To
the resulting reaction mixture was added (. 1'-bis{diphenviphosphino)ferrocene) palladium
(IT} dichloride (0.17 g, 0.21 mmol} and degassed for 10 min. The reaction mixture was stirred
at 80 °C for 2 b, After completion, reaction mixlure was passed through Celite bed, the Celite
bed was washed with EtOAc. The organic layer was washed with Ho© and brine. dried over
anhydrous NaxSQu and concentrated under reduced pressure. Product obtained was purified
by CombiFlash {20% EtOAc/hexane} o afford methy] 4-[4-(rert-
butoxycarbonylaminothiazol-2-y11-2-fluoro-benzoate 27-3 {0.80 ). 'H NMR: (400 Mz,
DMSO-ds) 8= 10.38 (brs. 1H), 8.03 - 7.99 (m, 1H), 7.83 - 7.75 (m. ZH). 7.42 (s, 1H), 3.87
{s, 3H), 1.48 (5, 9OH) LCMS: [M+H]|" =352,

[0162] Step-2: methyl 4-(d-aminothiazel-2-vi)-2-fluore-benzoate (27-4): A solution of
methyl 4-[4-(rere-butoxy carbonylamino)thiazel-2-y11-2-fuoro-benzoate 27-3 (1.00 g, 2.84
mmol) in TFA (10 mL} was stirred at 0 °C for 2 h. After completion. reaction mixiure was
concentrated under reduced pressure. Product obtained was triturated with pentane to afford
methyl 4-{4-aminothiazol-2-yD-2-flucro-benzoate 27-4 (0.50 g) which was used directly for

the next reaction. LCMS: [M+H] = 253,

[0163] Step-3: methyl 4-]4-][(45)-B-chisrachroman-4-yijcarbamoylamine {thiazol-2-yi}-
2-fluore-henzoate (27-6): To a stirrad solution of methvl 4-(4-aminothiazol-2-v1)-2-fluoro-
benzoate 27-4 (0.20 g, 0.79 mmel) in MeCN (5 mL} was added N NV-disuceinimidyl
carbonate €0.20 g, 0.79 ramol) followed by pyridive (0.06 mL, 0.79 myuol}. Reaction mixture
was stirred at RT for 40 min. Reaction nuxture was cooled to 6 °C and was added DIEPA
{142 mL, 2.38 mmol} foliowed by (45)-8-chlorochroman-4-amine hydrochloride 27-8 (.17
2. 0.79 nunol) and stirred at 0 °C for 4 h. After completion, reaction mixture was
concentrated under reduced pressure and product was dissolved in EtOAc. Organic laver was
washed with 2N HCI, H2QO. brine solution, dried over anhydrous NaxSQy and concentrated
under reduced pressure. Product obtained was purified by CornbiFlash (20% EiOAc/hexane)
to afford methyl 4-[4-{[{45)-8-chlorochroman-4-y1]carbamoylaminothiazol-2-y1}-2-fluoro-
benzoate 27-6 (0.20 ). 'H NMR (400 MHz, DMSO-ds) 8 = 9.33 (s, 1H). 7.99 (5. 1H). 7.81 -
7.75 (m, 2H), 7.44 (s, 1H}. 7.29(dd, J = 6 Hz, J = 7.6 Hz, 2H), 6,92 (d, J = 7.6 Hz, 2H}, 4.96
(s, 1H). 4.39 (s, 1H), 4.25 (5. 1H), 3.87(s, 3H). 2. 14 (s. [H). 2.03 (s. 1H). LOMS: IM+H]" =
462,
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[0164] Step-4: 4-}4-{[(4Y)-8~chlorochroman-4-yljcarbamoylamine{thiazel-2-v1|-2-fluore-
benzeic acid (27-7): To a stirred solution of methy] 4-{4-{{{45)-8-chlorochroman-4-
yljcarbamoyviaminothiazoi-2-vi]-2-fluoro-benzoate 27-6 (0.3¢ g, 0.64 mmol) in THF (9 mL),
methanol {6 mL) and water (3 mL) was added LIOH . Fo0O (0.27 g, 6.48 mmol}. Reaction
mixiure was stirred at RT for 12 h. After completion, reaction mixture was concernirated.
praduct was diluted with H2O and the pH was adjusted with 2N HCL Solid obtained was
filtered, dried under reduced pressure 1o afford 4-[4-f{(45)-8-chlorochroman-4-
yljcarbarmoylaminojthiazol-2-vij-2-fluoro-benzoic acid 27-7 (0.10 g). 'H NMR (400 Mz,
DMSO-ds) 8= 13.40 (brs. 1H), 9.34 {s, 1H), 7.97{t.J = 7.8 Hz, 1H), 7.75 (dd. J = 8.4 20.0
Hz 2H}. 743 -7.25 (m, 3H), 6.97 - 6.90 (m, ZH}. 496 (d.J = 6.0 Hz. 1H), 442 - 426 (m,
2H), 2.16 - 2.02 (m, 2H), LOCMS: [M+H]" = 448,

[0165] Step-8: 4-14-[{(45)-8-chlerochroman-4-ylicarbameylamine] thiazel-2-vi|-2-fluore-
benzamide (Example 27): To a stirred solution of 4-}4-}{{45}-8~chlorochroman-4-v1}
carbamoviaminolthiazol-2-vi}-2-flusro-benzoic acid 27-7 (0.16 g, .34 mmol} in DMF (6
mL) were added DIPEA (0.18 miL, 1.00 mmol) and HATU (0.19 g, 0.50 mmol} followed by
NH4C1{0.09 g. 1.67 nuuol} at 0 °C Reachon mixture was stitred at RT for 4 h. After
completion, reaction mixture was quenched with Ho(, extracted with EtOAc. Organic layer
was washed with brine. dried over anhvdrous NaxS0O.« and concentrated under reduced
pressure. Product obtained was purified by prep HPLC to afford Example 27 (0.02 g). 'H
NMR (400 MHz, DMSO-de) 5 =932 (s, 1H), 7.79 - 7.70 (m, 3H), 7.39 (s, 1H}, 7.34 {dd, J =
1.3, 7.9 Hz, 1H}, 7.26{d, J = 7.8 Hz, 1H), 6.95 - 6.91 {m, ZH)}, 4.96 {¢./ = 6.3 Hz, 1), 443
-4.37 (m, 1H), 429 - 423 {m, 1H), 2.20- 2,13 (m, 1H), 2.07 - 1.98 {m, 1FD); LOCMS: (M+H]"
=447,
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Fxampile 28; Synthesis of 1-{{48)-8-chlorochroman-d-vij-3-] 2-(I-methylpyrazel-3-

yiythiazel-4-yijurea

A0 ey
=
o =
28-2
KzC03, Pd{PPh), .8 .S .
o IS;}“ o Dioxane:H,0 Boc /3\;\ )M\/,N‘E}i/ TEALCM /{1/)*{&\5}1/
RN ¢ - OG = - "’ ==
NN Step-1 NTOUND stepz N N
Ho aga H 28-3 28-4
0/\
GV\E{JRTJWNH?
N 28.8
L DSC, Py, CH;CN P s )
i 28-5, DIPEA, ?j ﬁ\ j’}_»\/me/
CHACN al '\], NN N
Step-3 l _ HoH
Example 28

[0166] Step-1: fert-butyl N-[2-(1-methylpyrazel-3-yhithiazoel-4-yljcarbamate (28-3): To a
degassed solution of fers-butyl N-(2-bromothiazol-4-y1icarbamate 28-1 {¢.30 g, 1.07 mmol),
1-methvi-3-(4.4,5 5-tetramethyi-1,3,2-dioxaborolan-2-vl}pyrazole 28-2 (0.33 g, 1.61 mmwol)
and KoCOs (0.44 g, 3.22 nuool) in 1,4-dioxane (12 ml) and water (4 mb.) was added
PA(PPhs) (0,12 g, 0.10 mumoly and argon was again purged for 10 min. Reaction nuixture was
stirred at 90 °C for 16 h. After completion, the reaction mixture was quenched with Hy( and
extracted with EtOAc. The combined organic laver was washed with brine, dned over
anthydrous Na:SO4 and evaporated under reduced pressure. The product was purified by
CombiFlash (55% EtQAc/n-heptane} to afford (ferr-butvl N-{2-(1-methyipyrazol-3-
yhithiazol-d-yijcarbamate 28-3 (0.27 g). LOMS: [M+H] = 281

(0167} Step-2: (2-(F-methyipyrazol-3-yhthiazol-4-amine (28-4): A mixture of reri-bulvi M-
[2-(1-methylpyvrazol-3-ythiazol-4-vljcarbamate 28-3 (0.27 g, 9.96 ramol) and TFA (0.80
ml} was stirred at ¢ °C for 1 h followed by at RT for 4 . After completion, reaction mivture
was concentrated under reduced pressure. Product obtained was triturated with pentane to
afford (2-(1-methyipyrazol-3-y1}) thiazol-4-amine 28-4 (0.20 g, TFA salt) which was used

directly for the next reaction. LCMS: [M+H} = 181
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[U0168] Step-3: {1-](45)-8-chlorochroman-4-v1}-3-12-(L-methyipyrazol-3-yilthiazol-4-
yijurea (Example 28): To a stirred solution of 2-(1-methvipyrarzol-3-ylithiazol-4-amine 28-4
{0.07 g, .38 mmol) in MeUN {2 mL} was added pyridine { 0.14 mL, 1.59 mmol)} followed by
N N-disuccinimidy! carbonate {0.09 g, 0.37 mmol). Resulting reaction mixture was stirred at
RT for 30 mun. To this was added (45)-8-chlorochroman-4-amine 28-8 (.08 g, 0.37 munol}
followed bv DIPEA (0.03 mL, 0.16 mmol) and reaction was stirred at 30 °C for 1 h. After
completion, reaction was quenched with Hu0, extracted with Et0Ac. Organic layer was
washed with brine, dried over anbydrous NaxSO4 and concentrated under reduced pressure.
Product obtained was purified by CombiFlash (30% EtOAc in hexanes) to afford Example
28(0.38 g} 'H NMR (400 MHz, DMSO-ds) =922 (s, 1H), 762 (d.J = 2.3 Hz, 1H). 7.33
{(dd,J = 1.4, 7.9 He, 1H), 7.24 (d,.J = 7.8 Hz, TH), 7.12 (5, 1H). 6.91 (1.J = 7.8 Hz, 1H), 6.83
{d,.7=79Hz 1H),6.60{(d,J =23 Hz, 1H), 495 (q,J = 6.3 Hz, 1H), 443 -437 (m, 1H},
427 -422(m, 1H), 3.89 (s, 3H), 218 - 230 (m, 1H}, 2.04 - 1.97 {m, 1H); LCMS: [M+H]["

=390,

Example 29: Synthesis of 1-[(45)-8-chlorochroman-4-yi}-3-[2-(4-cyanophenyljthiazol-4-

yijurea
ol N
{HOWRE =N
TN
282
KaPOy,
PACi(Hppf)-CH,Cly s TEA S
5 i i G e /=
/N digxang,H,0Q il >_‘_</ DOM f >ﬁ_~(
Boc. AL ZTHE s > Boo., A \\/)“““IEN Rs A s W
0 ﬁ/ N Step-t m N S Step-2 P N N
281 28-3 29-4
o7 \J
G E/I\\\T gty
A 296
i. DSC, Py, CHON o™ © 5
i 285, DIPEA CHON o, | J IR
..................................... - o pg NN \\{/—""‘:N
Step-3 Lz H H
Exampie 28

[016O] Step-1: tert-butyl N-[2-(4-cyanophenyl)thiazol-4-yicarbamate (29-3): To a stired
solution of feri-butyl N-(2-bromothiarol-4-vijcarbamate 29-1 (1.00 g, 3.58 mmol} i 1,4~
dioxane {20 mL), water {5 mL) were added (4~cvanophenvi}boronic acid 28-2 {0.79 g, S.37

mmoly and KsPO4 (2,28 g, 10.70 mmol) at RT and purged with No for 15 min. To the above
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was added PACh(dppl), complex with dichloromethane (0.18 ¢, 0.21 mimol}) under same
condition and reaction mixture was heated at 100 °C for 2 h. After completion, reaction
mixture was quenched with H:O and fiitered through Celite bed. The filtrate was extracted
with EtOAc and combined organic layer was washed with brine, dried over Na;80s and
concentrated under reduced pressure. The product was purified by CombiFlash (70%
EtOAc/Heptane) to afford ferr-buty]l N-|2-(4-cvanophenylthiazol-4-vijcarbamate 29-3 (0.60
). 13 NMR (400 MHz, DMSO-ds) 8= 10.38 {br s, 1H), 8.06 - 8.03 (im, 2H), 7.98 - 7.95 {m,
2D, 7.42 s, 1HD), 148 (s, 9.

[0170] Step-2: 4-(4-aminsthiazel-2-ylibenzoniirile (29-4): To a stirred solution of fers-
butvl N-[2-(4-cyanophenyhthiazol-4-vljcarbamate 29-3 (0.18 g. .59 mmol) in DCM (4 ml)
was added TTA (2 mL) at 0 °C drop wise. Reaction muxture was stirved ai RT for 2 h. After
completion of reaction, reaction mixture was concentrated under reduced pressure to afford

4-{4-anunothiazoi-2-vibenzontrile 29-4 (0,12 g). LOMS: [M+H]" =202,

[0171] Step-3: 1-{(45)-8-chlorachreman-4-yl}-3-{2-{4-cyanophenyijthiazel-4-yijurea
{(Example 29): To a stirred solution of 4-(d-aminothiazol-2-yDbenzonitrile 28-4 (0.12 ¢, 0.53
mmol) i MeCON (2 mL) maintained at 0 °C was added pyriding (0.04 mL, (.53 mmol}
followed bv N N -disuccinimidyl carbonate (0.13 g, 0.53 mmol). Resulting reaction mixture
was stirred at RT for 1 h. To this was added (48)-8&-chlorochroman-4-amine hydrochlonde
28-5(0.11 g, 0.53 mumol) followed by DIPEA {0.29 mL., 1.59 mmol) and reaction mixture
was stured at RT for 1 b After comopletion, reaction nuxiure was concentrated under reduced
pressure. The product was guenched with H:O and extracted with ethv! acetate. Combined
organic laver was dried over anhydrous Naz80; and concentrated under reduced pressure.
The product obtamed was purified by CombiFlash (40% EtOAc¢/Heptane) to afford Example
29 1-{{4S5)-8~chiorochroman-4-y1}-3-{ 2-{4-cyanophenyl jthiazol-4-yljurea {0.01 g). "H NMR
{400 MiHz, DMSBG-#s) 6 = 9.33 (s, 1H), 8.06 - 8.02 (m, 2H), 7.97 - 7.92 {m, 2H), 7.44 (s,
1H}, 734 (dd, /= 1.2, 79HZIH), 7.26(d, J =71 He, 1H), 6.94- 690 (m, 2H), 496 (¢. J =
6.4 Hz, 1H), 4.44 - 436(m, 1H), 4.30 - 4.23 (m, 1H), 2.18 - 2.02 (m2H); LCMS: [M+H] =
411
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Example 30: Synthesis of 5-{4-[[{45)-8-chlorochroman-4-yijcarbamoylamine|thiazol-2-

yiipyridine-2-carboxamide
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Example 30

[0172] Step-1: fert-butyl N-{2-(6-cyane-3-pyridylythiazol-4-vljcarbamate (38-3): Toa
stirred solution of rerr-butvl N-(Z-bromothiazoi-d-vljcarbarnate 38-1 (1.56 g, 537 munol), 5-
{4.4,5 5-tetramethyl-1.3,2-dioxaborolan-2-yvipyndine-2-carbonitriie 36-2 {2.47 g, 10.7
mamol) and CsaC0: (6.99 g, 21.5 mmol) in 1 4-dioxane (3 mL) and water {1 mL) was added
Pd(PPha) {0.37 g, 0.322 nunol) at RT. The reaction mixture was stitred at 120 °C for 12 h
Alter completion of the reaction, the reaction mixiure was cooled and quenched with H20
and extracted with EtOQAc. The combined organic layver was washed with brine, dned over
anhydrous NaxSOs and concentrated under reduced pressure. The product obtained was
purified with CombiFlash chromatography (45 % EtOAc/n-heptane) to afford rert-butyl N-{2-
{G-cyano-3-pyridyljthiazol-d-yljcarbamate 36-3 (0.23 g). LCMS: [M-H] =301,

[0173] Step-2: S-(4-aminasthiazel-2-vlipyridine-2-carbonitrile {36-4): To a stirred solution
of fert-butyl N-{2-(6-cvano-3-pyridyDthiazol-4-vljcarbamate 30-3 (0.14 g, 0.46 sumol) in

DCM (8 ml) was added TFA (0.18 mL, 2.32 munol) at 0 °C and the resulting reaction
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mixture was stitred at RT for 4 ke After completion, reaction muxture was concentrated under
reduced pressure. The product was triturated with diethyl ether and n-pentane to afford 5-(4-

aminothiazol-2-yDpyridine-2-carbonitrile 30-4 {0.11 ). LCMS: [M+H] "= 203,

[0174] Step-3: 1-[(45)-8-chlorechroman-4-yi}-3-12-{6-cyane-3-pyridyljthiarel-4-yijurea
{36-5): To a stirred solution of 5-(4-aminothiazol-2-vDpyridine-2-carbonutrile 38-4 (017 g,
(.84 mmol) in MeUN (4 ml) were added pyvridine (0.14 mL, 1.68 numoly and NN~
disuccinimidy! carbonate {0.21 2, 0.84 mmol) and the reaction mixture was stirred at RT for §
h. To the resulting reaction mixture {45)-8-chlorochroman-4-amine hydrochloride 34-8 (0.18
2. (.84 munol} was added followed by DIPEA (0.59 ml., 3.36 mumol) and stirred at RT for 45
min. After completion, reaction mixture was concentrated under reduced pressure and
product obtamned was dissolved in EtOAc. Combined organic fayer was washed with 2N HCL
solution, water and brine solution, dried over anhyvdrous NazSOu and concentrated under
reduced pressure. Product was purified by colunm chromatography {40% EtOAc/Heptane) to
afford 1-§{45}-8-chlorochroman-4-y1}-3-[ 2-(6-cyanc-3-pyridy Hthiarol-4-yijurea 30-6 (.20
g). LCMS: [MHH] " =412

[0175] Step-4: 5-[4-[[{48)-8-chlorochroman-4-yllcarbamoylamins [thiacel-2-yi] pyridine-
2-carboxamide (Example 38): To a stirred solution of 1-[{45)-8-chlorochroman-4-v1}-3-[2-
{6-cyano-3-pyridylithiazol-d-yljurea 36-6 (0.13 g. 0.31 momol) in DMSO (3 mL) was added
30 % bydrogen peroxide (1.1 mL, 0.94 mnol) solubion followed by polassium carbonate
{0.17 g. 1.26 munol} at RT. Reaction mixiure was stirred at 30 °C for 1 h. Aflier completion of
reaction, reaction nuxture was difuted with water and the precipitate was tiltered out. The
solid was washed with methano! and dried under vacuum to afford Example 30 (0.12 g) 'H
NMR (400 MHz, DMSO-de} 5 =938 (s, 1H}, 908 (d,J = 1.8 Hz, 1H), 838(dd. /= 2.3, 83
He THYL 818-8.12(m, ZH), 7.74 (brs, 1H), 745 (s, 1H), 7.34 (dd, = 1. 1, 79 Hzx 1H),
726, J=74Hz 1H}. 6.95-688(m, 2H), 497 {q,J = 6.3 Hz, 1H}, 444 - 437 {m, 1H),
429 -4.25 (m, 1H), 2.20 - 212 (m, 1H), 2.07 - 2.01 (m. 1H) LOMS: [M+H]' = 430,
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Example 31: Synthesis of 1-{(48)-8-chlorochroman-4-yij-3-]2-{1-(2,2~
diftucroethyljpyrazel-4-yij thiazol-d-yljurea
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Example 31

[0176] Step-1s fert-butyl N[2-]1-2.2-diflugreethyDpyrazol-4-yvijthiazel-4-yl}carbamate
{31-3): To a stirred solution of ferf-butyl N-(2-bromoothiazol-4-vhcarbamate 31-1 (0.50 g,
1.79 momal) and 1-(2,2-difluoroethyl)-4-(4 4,5 S-tetramethyi-1 3, 2-dioxaborolan-2-v1)
pyrazole 31-2 (4,46 ¢, 1.79 mmol) in 1,4-dioxane (3 mL} and water (2 mL) was added
potassium carbonate {0.74 g, 5.37 mmol). Reaction mixture was degassed with argon for 30
min. To this was added [1.1'-bis (diphenylphosphinoMerrocene|dichloropatladium (11)
complex with dichloromethane (.07 ¢, 0.08 mmol) and the reaction mixture was further
degassed with argon for 10 min, Reacthon mixture was stirred at 90 °C for 9 h. After
completion, the reaction nuxture was filtered through Celite. The filirate was diluted with 1ce-
cold water and extracted with EtOAc. Combined organic layer was washed with H20 and
brine, dried over anhydrous NaxS04 and concentrated under reduced pressure. The product
was purified by CombiFlash (30% EtOAc/Hexane} o afford rere-buiyi N-{2-]1-(2,2-

diftuorcethypyrazol-4-vi]thiazol-4-yl]carbamate 31-3 (0.30 g). LCMS: [M+H] = 275.

[0177] Step-2: 2-11-(2,2-difluoroethylpyrarel-4-yijthiazoei-4-amine (31-4): To a stirred

solution of rert-butyl N-{2-{1-(2,2-difluoroethvi}pyrazol-4-yijthiazol-4-vijcarbamate 313

{0.25 g, 0.7S mmol} in DCM (5 mL} maintained at 0 °C was added 2,6-lutidine (0.26 mL,

2.27 romol) followed by triroethylsilyt tmfluoromethanesulfonate (0.28 ok, 1.31 romol) at

RT. Reaction mixture was stirred at RT for 2 h. After completion. reaction mixture was

concentrated under reduced pressure. Product obtained was triturated using diethvl ether to
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afford 2-{1-(2.2-dtfluoroethy Dpyrazol-4-vijthiazol-4-amine 31-4 (0.10 g) which was used

directly for the next step. LCMS: [M+H]" =231

[0178] Step-3; 1-[(48)-8-chlerochreman-4-yi}-3-12-[ 1-(2,2-difluorcethypyrazel-4-
yijthiazol-4-yijurea (Example 31): To a stirred solution of 2-{1-(2 2-difluoroethylpyvrazol-
4-yijthiazol-4-amine 31-4 (0.05 g, $.22 mmol} in MeCN (3 ml.} was added pyridine (0.04
mL, (.43 mmol) at 0 °C followed by N NV'-disuccimimidyl carbonate (0.06 g, 0.23 mmol} at
RT. Resulting reaction mixture was stirred at RT for 30 min. To this was added (45)-8-
chlorochroman-4-amine 31-8 {0.04 g, 4.23 mmol) followed by DIPEA (0.16 L, 0.86 mmol)
and the reaction was stivved at 30 °C for 2 h. Afier completion, reaction mixhure was
concentrated under reduced pressure. The product was quenched with H2O and extracted with
10 % MeOH/DCM. Combined organic layer was dried over anhydrous NapSQu and
concentrated under reduced pressure. The product obtained was purified by CorobiFlash (10
% MeQH/DCM) to afford Example 31 (.01 ). 'H NMR (400 MHz, DMSQO-d) § = .18 (s,
TH), 8.33 (s, 1), 794 (d, J = 0.6 Hz, 1H), 7.33 (dd, J = 1.3. 7.9 Hz, 1H). 7.27 - 7.22 {m,
iH), 710 (s, 1H), 691 (t, J — 7.8 Hz, 1H), 6.85(d, J — 8.0 Hz, 1H}, 6.59 - 6.24 (m, 1H}, 5.00
=490 (o, 1H), 4.77 - 4.64 {my, 2H), 4.44 - 439 (m, 1H). 4.29- 422 (m, 1H), 2.206- 2.10 (m,
1H), 2.06 - 1.97 (m. 1H); LOMS: [M+H]' = 440

Synthesis of 31-2:

M8 F .
\\\«O\ C5,00,,CH,0N \3;«0; F
/B{?’_\IH s \ JB-*-{%“/W/
Ke ==N Step-A o] =N F
314 312

[0179] Step-A: 1-(2,2-difluoroethyl)-4-{4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-
yhipyrazole (31-2): To a stirred solution of 4-(4.4,5 5-tetramethy1-1,3,2-dioxaborolan-2-y1}-
1H-pyrazole 31-A (1.00 g, 5,15 romol) 10 MeCN (20 mol.) was added cesium carbonate (4.20
2. 12.9 mmol)} followed by 2.2-difluoroethy! trifluoromethanesulfonate 31-B (0.80 mL, 567
mmol} at RT. Resulting reaction mixture was stirred at RT for 2 h. After completion, reaction
mixture was concentrated under reduced pressure, filtered on Celite bed and washed with

EtCAc. The product was purified by CombiFlash (30 % EtOAc/Heptane) to afford 1-(2,2-

103



WO 2025/019407 PCT/US2024/038000

difluoroethyl)-4~(4,4.5 . 3-tetramethvi-1,3.2-dioxaborolan-2-vlpyrazole 31-2 (1.00 g3, LCMS:
IM+H]" = 259,

Example 32: Synthesis of 1-{{43)-8-chlorechroman-4-yi}-3-{2-11-(2,2,2-

triflnorsethylipyravel-4-yijthigzsl-4-ylurea
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[G180] Step-1: 4-{4.4,5 5-tetramethyl-1,3.2-dioxaborolan-2-v1)-1-(2,2,2~
triffuercethylipyrazele (32-2): To a stirred solution of 4-(4,4.5 5-tetramethyi-1,3 2-
dioxaborolan-2-y1}-1 H-pyrazole 32-1 {0.50 g, 2.58 mmol) in DMF (7 mL) was added Cs:C0s
{2.09 g, 6.44 mumol} at 0 °C {ollowed by addition of 2.2 2-trifluoroethyl
trifluoromethanesulfonate {0.45 mL. 3.09 mmol} and the reaction mixture was stirred at RT
for 16 h. Afier completion of reaction, the reaction muxture was filtered, diluted with water
and extracted with ethyl acetate. Organic laver was washed with water, brine and dried over
anhydrous NaSG4. The organic layer was concentrated under reduced pressure. The product
obtained was purified by CombiFlash chromatography (50% EtQAc/m-heptane) to afford 4~

{4,4.5. 5-tetramethvi-1,3,2-dioxaborolan-2-v1)- 1 (2,2, 2-trifluoroethy Dpvrazole 32-2 (0.23 g).

Step-2: fere-butyl N-{2-11-(2,2, 2-triftuorocthyDpyrazol-4-yljthiazol-4-ylicarbamate (32~
43: To a stirred solution of rerf-butyl N-(2-bromothiazol-d-viycarbamate 32-3 (0.15 g. 0.53
mmol) in 1 4-dioxane {3 mL) and water ({1.75 mbL) were added 4-(4.4,5.5-tetramethyl-1.3,2-
dioxaborolan-2-v13-1-(2.2, 2-triftuorcethyipvrazole 32-2 (0.22 g, 0.80 smol}, tripotassium

phosphate {0.34 g, 1.61 munol) at RT and purged with argon for 15 min. To this was added
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PA{dppDHClL complex with DCM {0.02 g, .03 nunol} and reaction mixiure was stirred at 110
°( for 2 h. After completion, reaction mixture was filtered, difuted with water and extracted
with ethyl acetate. (rganic layer was dried over anhvdrous NapS0, and concentrated under
reduced pressure. The product was purified by CombiFlash {30% EtOAc/heptans) to afford
fert-butyl A-f2-11-(2.2.2-utfluoroethypyrazol-4-ylithiazol-4-vl{carbamate 32-4 (0.15 g).
LCMS: {M+HI™ = 293 (M-iBu}.

[(1&1] Step-3: 2-[1-(2,2 2-trifluersethylipyrazel-d-yl| thiazol-4-amine (32-5): A solution
of tert-butyl N-{2-11-(2,2 2-trifluoroethyDpyrazol-4-vijihiazol-4-vljcarbamate 32-4 (0. 10 g,
(.28 mwooly in TFA {2 mL) was stirred at 0 °C for 15 min followed by at RT for 2 h. After
completion, reaction mixture was concentrated, product was quenched with agueous Na:CO:
solution and aqueous laver was extracted with EtOA¢. The combined organic layer was dried
over anhvdrous NaxS0s and concenirated under reduced pressure to afford 2-[1-(2.2,2-

mifluorosthypyrazol-d-vljthiazol-4-amine 32-5 (0.07 g). LCMS: [M+H|" = 249,

[0182] Step-4: 1-}(45)-8-chlorochreman-4-yl}-3-{2-[1-(2,2,2-trifluorcethyi)pyrazol-4-
yvijthiazoel-d-yijurea (Example 32): To a stirred solutton of 2-{1-(2,2,2-
trifluorcethylipyrazol-4-vijthiazol-4-amine 32~8 (0.07 g, 0.28 mmol} in MeCN (G mL) was
added pynidine (0.05 mbL, 0.56 mmol} followed by N, N'-disuccimmidyl carbonate (0.07 g,
0.28 numol} at 0 °C. Resulting reaction nuxture was stirred at RT for 1 h. To this was added
{453-8-chlorochroman-4-amine 32-6 {0.06 g, 0.28 nunol) followed by DIPEA (0.15 mi, 0.85
mmol) and reaction mixture was stirred at 25 °C for | h. After completion, reaction nyxture
was quenched with HoO and extracted with ethyl acetate. Combined organic laver was dried
over anhydrous NapSQOu and concentrated under reduced pressure. The product obtained was
purified by CombiFlash {60% EtOAc/heptane) to afford Exampie 32 (0.01 g). 'TH NMR {400
MHz. DMSO-ds) 5 = 9.19 (s, 1H). 8.39 (5. 1H), 8.00 (s, IH), 7.33 (dd. J = 1.1, 7.9 Hz. 1H),
724 J=71Hz 1H)L 713 (. 1HYL 691 (t. J =78 Hz, 1H)}, 6.84(d, J = &0 Hz, 1H), 5.20
{q,/ =90Hz 2H), 495 (q.J = 6.2 Hz, 1H}, 443 - 437 (m, 1H), 428 -4.22 {m, 1H)}, 2.19 -
211 (m, 1H), 2,05 - 1.97 (m, 1H); LCMS: [M+H]" = 458
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Example 33: Synthesis of 1-{(48)-8-chlorochroman-4-yij-3-| 2-(S-cyvano-2-

pyridyDthiazol-4-yljurea

‘_,_.-S

ii —

Boc AL SR
\.N_/‘ \\N

H
33-3
1,2-dimethoxy ethane, C“‘:ﬂ_giiizhah 8
Br <\ /\ — hexarnathyl ditin {CH3}Bn (\ )._\ /L; )_N_(Fﬁ}
4 / N BooHN™ N By TS
N Step-1 Step-2 -y
331 332 334
cx\[ :(/ iy
33-8 o~
L. DBC, Py, CHON 2 ] 0 8 o
: 338, D cl . i g =\
TEA, DOM S 4> { j‘\N i1.38-8, DIPEA, CHON \! N ﬁ/h\NAN/N{;J P =
Step-3 HaN Step-4 = H
33-8
Example 33

[0183] Step-1i: -trimethylstannylpyridine-3-carbonitrile {33-2): To a degassed solution
of ¢-bromopvriding-3-carbonitrile 33-1 (1.07 g. 5.85 mmol) in 1.2-dimethoxy ethane {10 mL}
was added hexamethy! ditin (1.2 mL, 5.35 mmol) and the reaction muxtare was purged with
argon for 15 min. To the above reaction mixture was added Pd(PPhs): (0.33 g, 0.28 mmol)
and heated at 100 °C for 48 h. After completion, reaction mixture was diluted with EtOAc
and filtered through Celite. The filtrate was concentrated under reduced pressure to afford 6-

trimethyistanoyipyridine-3-carbontirile 33-2 {0.80 g).

{0184} Step-2: fert-butyl N-[2-(S-cyane-Z-pyridylithiazel-4-ylicarbamate 33-4): To a
degassed solution of fers-butyl N-(2-bromothiazol-4-ylcarbamate 33-3 {0.65 g, 2.33 mmol})
in toluene (10 mL) was added 6-trimethvistannvipyridine-3-carbonitrife 33-2 (1.75 ¢, 2.79
ol and Cul (0.04 g, .23 mmol) followed by PA{(PPhs)s (0.26 g, 0.23 mmol). Reaction
muxture was stirred at 110 °C for 16 h. After completion, reaction mixture was diluted with
EtOAc and filtered through Celite. The filirate was concenirated under reduced pressure to
obtain a product which was purified by CombiFlash {15% EtOAc/n-heptane} to afford fers-

buty] N-[2-(S-cyano-2-pyridythiazol-d-vljcarbamate 334 (0.05 g). LOMS: [M+H] " =247

Step-3; 6-(4-aminothiazol-2-yhpyridine-3-carbonitrile (33-8): To a stirred solution of rert-
butvl N-{2~{3-cvano-2-pvridylithiazol-4-vijcarbamate 33-4 (0.05 g 0.16 mumol) in DCM (1

mb.) was added TFA (0.5 mL) at 0 °C and the reaction mixture was stirred at RT for 1 h.
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After completion, reaction muxture was concenirated under reduced pressure. The product
was neutralized by NaHCOz solution. The precipitated solid was filtered under reduced
pressure to afford 6-(4-amincthiazol-2-yDpyridine-3-carbonitrile 33-8 {(0.03 g). LCMS:

(M} = 203

[0185] Step-4: 1-[(45)-8-chlorachroman-4-yi}|-3-{2-(8-cyano-2-pyridyljthiarol-4-yiurea
(Exampie 33): To a stirred solution of N A -disuccinimidyl carbonate (0.04 g, 0.17 mmol) in
MeCN (3 mL) was added pyridine {0.01 mL, 0.17 mumol} followed by 6-{4-aminothiazol-2-
yhpynidine-3-carbonitrile 33-8 (0.03 g, 0.17 mumol) and the reaction mixture was stirred at
RT for 45 nmun. To the above was added DIPEA (0.09 mL. 0.51 mmol) followed by (45)-8-
chlorochroman-4-amine hvdrochloride 33-6 (0.03 g, ¢.173 mmol) and the reaction mixture
was stirred at RT for 1 b After completion, reaction mixiure was concentrated under reduced
pressure, The product was washed with ice-~cold water and the preciptiated solid was filtered
wnder reduced pressure. The solid was triturated with MeOH and hexane to afford Example
33 (0.01 g). "H NMR (400 MHz, DMSO-ds) § = 9.35 (s, 1H), 9.05 (d, J = 1.3 Hz, 1H), 8.42
(dd, J — 2.0, 83 Hz, 1)}, 8.09(d, 7 — 83 Hx, 1H), 7.55(s, 1), 7.33(d, J — 7.8 Hz, 1H),
725(d.J=75Hz 1H), 6.94 - 6.89 {m, 2H), 5.01 -4.92 (;m, 1H), 4.45 - 436 {m, 1H}, 4.29 -
422 (m, 1H), 2.21 - 2.09 {m. 1H). 2.07 - 1.96 (m, 1H). LCMS: [M+H] ' =412,

Preparation of 33-3:

< DEPA, TEA, s
) BUOH i
HQQC”KLN’?L'B’“ &’C‘N"ij\ N)NB{
33-A " s

[(1&6] Step-1: fere-butyl N-(2-bromethiazel-4-yDearbamate (33-3): To a stirred solution
of 2-bromothiazole-d-carboxylic acid 33-A (10.00 g, 48.1 mumol) in feré~butanol (100 ml}
was added TEA (7 90 mL. 57.7 mmol} followed by dropwise addition of DPPA (16 ml., 62.5
mmol} at RT. The resulting solution was heated at 80 °C for 12 h. After completion, the
reaction mass was concentrated under redaced pressure. The product was diluted with water
and extracied with EtQAc. Combined organic layer was washed with brine, dried over
anhvdrous NaxSQy and concentrated under reduced pressure to vield product which was

purified by CombiFlash (8% EtOQAc/n-heptane} to afford ferr-butyl N-(2-bromothiazol-4-
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yljcarbamate 33-3 (4.20 @), 'H NMR {400 MHz. DMSO-de) § = 10.31 (s, 1H), 7.20 (s. 1H),
.45 (s OH); LCMS: [M+H] " =225,

Example 34: Synthesis of 1-[{45)-8-chlorechroman-4-vi}-3-{2-{1-(2,2-

diffuoroethylipyrazol-3-yljthiazeol-4-yliurea
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3-8 Example 35

[0187] Step-1: ethyl 2-(1-fer-butoxycarbonylpyrazol-3-yiithiazole-4-carboxylate (34-3):
To a degassed solution of dis{iriphenylphosphine)palladium {11} dichloride (0.29 g, 0.42
ol d, cesiurm carbonate (4. 14 g, 12.7 mmol) and rert-butyl 3-(4,4.5 S-tetramethyi-1,3,2-
dioxaborolan-2-vhpyrazole-1-carboxylate 34-2 (1.24 g, 4.24 nmunol} in 1 4-dioxane 3.5 mL)
and water (1.5 mL) was added ethvl Z-bromothiazole-4-carboxylate 34-31 (1.00 g, 4.24
mmol}. The reaction mixture was heated at 100 °C for 3 h. After completion, the reaction
mixture was filtered through Celite bed. The filtrate was diluted with HoQ, aqueous fayer was
extracted with EtOAc. Combined organic layer was washed with brine solutton, dried over
anhydrous NazS04 and evaporated vnder reduced pressure. The product was purified by
CombiFlash (50% E1OA¢/m-heptane) to afford ethy] 2-(1-ferr-butoxycarbonyipyrazol-3~
viithiazole-d-carboxylate 34-3 (0.80 ¢g). LCMS: [M+H] = 224,
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[0I88] Step-2: ethyl 2-11-(2,2-difluoroethyl) pyrazol-3-vl} thiazole-4-carboxyiate {(34-5):
To a stirred solution of ethvl 2-(1 H-pvrazol-3-yljthiazole-4-carboxylate 34-3 (0.30 g 1.34
mmol} in MeCN {6 mL) was added Cs;C0: {0.87 g, 2.69 mmol) followed by 2,2-
diffuorcethyl tnifluoromethanesulfonate 34~4 (0.31 g, 1 47 mmol} and the reaction mixture
was stirred at 27 °C for 3 h. After completion, the reaction mixture quenched with HyO,
extracted with EtOAc. Combined organic layer was washed with brine solution, dried over
anhydrous NapSQ4 and evaporated under reduced pressure. The product was purified by
CombiFlash (80% EtQAc/n-heptane) to afford ethyl 2-[1-(2,2-difluoroethvl) pyrazol-3-vi}
thiazole-d-carboxylate 34-5 (0.24 ), LCMS: [M+H] = 288

[0189] Step-3: 2-[1-(2,2-difluoroethyi)pyrazol-3-yijthiazole-4-carboxylic acid (34-6): To
astirred solution of ethyl 2-{1-(2,2-diflucroethyDpyrazol-3-viliharole-4-carboxylate 34-8
{0.27 g, 0.96 nuool) in THF (3 mb), methanol 2 mb) and water (1.5 mL) was added lulnum
hydroxide monohvdrate (0.12 g. 2 87 mmol) and the reaction nuxture was stirred at 28 °C for
12 h. After completion. reaction mixture was concenirated under reduced pressure. The
product was diluted with F20 and washed with EtQAc. Then agueous layer pH was adjusted
with 2N HCL Precipitated solid was filiered and dried under reduced pressure to afford 2-[1-
2. 2-difluoroethyilpvrazol-3-viithiazole-d-carboxylic acid 34-6 {0.21 2). 'H NMR (400 MHz,
DMSO-ds} 6=13.18 - 12.85 {m. 1H), 8.42 (s. 1H). 7.97 (d, /= 2.4 He, 1H), 688 - 683 (m.

TH), 6.58 - 6.28 (m. 1H). 4.79 - 4.70 (m, 2H): LOMS: [M+H]" =260,

[0190] Step-4: fert-butyl N-[2-{1-22-difluorocthyDpyrazel-3-yljthiazol-4-yijcarbamate
{34-7): To a stirred solution of 2-{1-(2.2-diflucroethyl}) pyrazol-3-vl] thiazole-4-carboxylic
acid 34-6 (0.20 g, 01.77 mmol) in ferr-butanol (3 mL) was added TEA (0.14 mL, 1.00 mmol)
followed by dropwise addition of DPPA (0.20 mL, 0.92 mmol} ai RT. The resulting nuxture
was heated at 80 °C for 12 h After completion, the reaction mass was concenirated under
reduced pressure. The product was diluted with water and extracted with EtOAc. Combined
organic layer was washed with brine solution, dried over anhvdrous Na:50; and evaporaied
under reduced pressure. The product was purified via CombiFlash {(20% EiOAc/n-heptane) {o
afford tert-butyl N-{2-{1-(2,2-diflucroethy Upyrazol-3-yljihiarol-4-ylicarbamate 34-7 (0.23
g). "H NMR (400 MHz, DMSO-d) 6= 1022 (brs. 1H), 7.92(d,J =24 Hz, 1H), 7.19-7.14
(m, TH), 6.73 - 6.69 (m, [H), 656 - 6.26 (m, 1H), 4.76 - 4.66 {m, 2H), 1 46 (s, 9H). LOMS:
IM+H] =275,
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[0191] Step-~S; 2-11-(2,2-difluoroethyDpyrazol-3-vijthiazel-4-amine (34-8): To a stured
solution of fert-butyl N-{2-{1-(2.2-difluoroethy !} pyrazol-3-vl] thiazol-4-vi] carbamate 34-7
{0.10 g, .30 mmol) in DCM (3 mL} was added TFA (0.28 mb, 3.63 mmol) at 0 °C and
reaction mixture was stirred at 28 °C for 3 h. After completion, the reaction mmxture was
concentrated under reduced pressure. The product was quenched with HyO, extracted with
EtOAc. Combined organic layer was washed with brine solution, dried over anhydrous
WNa:$0s and evaporated under reduced pressure to vield 2-[1-(2,2-diffuoroethy Dpyrazol-3-

yl]thiazol-4-amine 34-8 {(0.12 &), LCMS: [M+H] = 231,

[0192] Step-6: 1-[(48)-&-chlorochroman-4-yi}-3-]2-[1-(2,2~-difluorcethyl)pyrazel-3-
yiithiazol-4-yiurea (Example 34): To a stirred solution of 2-[1-(2,2-difluoroethy)pyrazol-
3-yijthiazol-4-amine 34-8 (0.06 g, 8.28 ramol) in MeCN (3 mi} was added pyridine (0.04
mi., 0.56 ramol) followed by NV -disuccirumidyl carbonate (0.07 ¢, 0.28 numol) and the
reaction nuxture was stirred at 27 °C for 45 min. To this was added (48)-8-chlorochroman-4-
amine hydrochloride 34-9 {C.06 g, 0.28 mmol} followed by DIPEA {(0.15 mb., 0.84 mumol)
and reaction mixture was stirred at 27 *C for 2 h. Afler completion, the reaction mixture was
concentrated under reduced pressure. The product was dissolved in EtOAc. Orgaruc laver
was washed with H20 and brine soiution, dried over anhvdrous NapSOu and concentrated
under reduced pressure. The product was purified by prep HPLC to afford Example 34 (0.01
). "H NMR (400 MHz, DMSO-de) 5= 928 (s, 1H), 794 (d, /= 2.1 Hz, 1H), 735 (d. J =
73Hz iH), 727 J=T76Hz IH), 719, IH), 693 (,J =78Hz 1H),684{(d, /=79
Hz, 1H). 6.71(d. J = 2.2 Hz, 1H), 6.43 (1, J = 3.0 Hz. 1HD), 5.01 - 4.93 (m, 1H), 4.79 - 4.67
(o, 2H), 445 - 438 (m, [H), 431 ~4.22(m, 1H), 219-2.11 Ou, 1H), 2.03¢dd, /= 24,65
He 1H); LCMS: [M+H]T = 440,
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Example 35; Synthesis of 1-{(48)-8-chlorochroman-4-yij-3-]2-{1-(2,2,2-

triftuoreethylipyrazel-3-yljthiazol-4-vijurea
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358 Exampie 35

[0193] Step-1: 3-{4.4,5,5-tetramethyi-1,3,2-dioxaborslan-2-y1}-1-(2,2,2~
triffuoroethylipyrazele (35-2): To a stirred solution of 3-(4,4.5, 5-tetramethyvi-1,3,2-
dioxaborolan-2-v)-1 H-pyrazole 35-1 {2.00 g, 10.3 mmol) in DMF (15 mL) was added
Cs:C04 (6,72 g, 20.6 mumol) at RT followed by 2.2 2-trifluoroethvl tnfluoromethanesulfonate
(1.8 mL, 12.40 mmol} dropwise at 0 °C and the reaction mixture was stirred at RT for 12 h.
After coropletion of starting material, the reaction muxture was quenched with ice~cold water
and extracted with ethyl acetate. Combined organic laver was washed with water and brine,
dried over anhydrous NaxSQOs and concentrated under reduced pressare. The product was
purified by CombiFlash chromatography (109 EtQAc/n-hepiane) to obtain 3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-vH)-1-(2.2, 2-trifluorcethyDpyrazole 35-2 (2.00 g). 'TH NMR
{400 MHz. DMSO-ds) 5 = 7.88 (d. J = 2.3 Hz. 1H). 6.61 (d./ = 2.3 Hz, 1H), 5.19{g, J = 9.1
He, 2H), 1.27 (s, 12H).

[(0194] Step-2: fert-butyl N-{2-11-(2,2, 2-trifluoreethyl)pyrazel-3-yijthiazoi-4-
yvijcarbamate (35-4): To a stirred solution of rerf-butyl N-(2-bromothiazol-4-ycarbamate
-3 (0.70 g, 2.51 mmol), 3-(4.4,5 5-teiramethyl-1.3,2-dioxaborolan-2-v1)-1-(2.2,2-
trifluorosthypyrazole 35-2 (0.83 ¢ 3.01 mumol) and Cs:C05 (4.08 g, 12.5 mumol} in DMF (8
mk), nitrogen was purgad for 10 min. To the resulting reaction mixture was added
PaCh{dppHCHCL (0 41 g, 0.5¢ mmel) and reaction mixture was irradiated under

microwave at 100 °C for 30 nmin. After completion, reaction raixture was filtered through
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Celite bed. Cold water was added and aqueous laver was extracted with EtOAc. Organic
layer was dried over anhvdrous NaxS Oy and concentrated under reduced pressure. The
product was purified by CombiFlash (30% EtOAc/Heptane) to afford fer-butyl N-{2-f1-
2.2, 2-riffuoroethylypyrazol-3-yljthiazol-4-y Hearbamale 38-4 (0.70 g). '"H NMR (400 Mz,
DMSO-ds) 8= 10.26 {brs. 1H), 7.99 (d.J = 2.4 Hz. 1H). 7.19(s. IH). 6.75(d.J = 2.5 Hz,
1H), 5.25¢q, J = 9.1 Hz, 2H), 1.47 {s, 9H). LCMS: [M+H]" = 349

[0195] Step-3: 2-}1-(2,2,2-trifluoroethylipyrazel-3-yilthiazol-4-amine hydrochloride {(35-
5y A solution of fer-butyl N-|2-[1-(2.2 2~inflaoroethy Dpyrazol-3-yi]thiazol-4-yljcarbamate
384 (0.25 g. 0.7 mumol) in HCLin dioxane (4.5 mL., 59 4 munol} was stiveed at 0 °C for 18
min followed by at RT for 1 h. After completion. reaction mixture was concentrated under
reduced pressure. The product was triturated with diethy] ether and filtered. The solid was
dried under reduced pressure to afford 2-{1-(2,2.2-riflucroethy Upyrazol-3-viihnazol-4-amine

hydrochlonde 38-5 (0.20 g). LCMS: [M+H]" =249,

[0196] Step-4: 1-}{(45)-8-chlorachreman-4-yl}-3-{2-[1-(2,2,2-trifluorcethyi)pyrazol-3-
yiihiazel-4-yijurea (Example 353 To a stirred solutton of 2-{1-(2,2,2-
trifluoroethyvlipvrazol-3-vijthiazol-4-amine hvdrochioride 35-5{0.13 g, 0.52 mmol} in MeCN
{5 mL} was added N N'-disuccininidyl carbonate (0.13 g, 852 mmol) followed by pyridine
{0.08 mi. 1.05 nunol) and the resulting reaction mixture was stirred at RT for 30 min. To this
was added (45)-8-chlorochroman-4-amine 35-6 (0.09 g, .52 mumol) followed by DIPEA
{6.27 mL, 1.537 mmol) and reaction muxture was stirred at § °C for 2 h. After completion,
reaction mixture was concentrated under reduced pressure and product obtained was
dissolved i EtOAc. Organic layer was washed with 2N HCI solution, water and bring
sotution, dried over ashydrous Nax50: and concentrated under reduced pressure. Product was
purified by prep-HPLC to afford Example 35 (0.03 g). 'H NMR (400 MHz, DMSO-ds} 8 =
027 (s )L 799(d.J=24Hz 1H)L 733 (dd. /=13, 79Hz 1HL 725 J=T78Hx
TH), 7.20 (s, 1H), 6.91 (1,4 = 7.8 Hz, 1H), 6.83 (d, J = 8.0 He, 1H), 6,74 (d, J = 2.4 Hz, 1H),
525{g,J =918z H), 499-492 (m, 1H), 443 -438 (m, 1H), 428 -422 (m, 1H), 2.19 -
2.11 (m, 1H). 2.05 - 1.99 (m, 1H); LCMS: [M+H]" = 458,
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Exampie 36; Synthesis of 1-{{48)-8-chlorochroman-d-vij-3-j4-(4-cyanophenyljthiazol-2-

yiurea
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Example 38

{0197} Step-1: 4-(S-aminethiazel-2-yDbenzeniirile (36-2): To a stirred solution of 4-(2-
bromoacetvhbenzonitriie 36-1 (1,12 g, 3.00 munol) in ethanol (10 mL) was added thwourea
{0.57 g. 7.50 mmol} at RT and the reaction mixture was refluxed for 2 h. After completion of
reaction, reaction mixture was concentrated under reduced pressure. The product was added
inte NaHCOs solution and filtered. The solid obtained was dried under vacuum to get 4-(5-
aminothiazol-2-yl)benzonitrile 36-2 (0.60 g). 'H NMR (400 Mz, DMSO-ds) §=7.97 (d,J
=85 He, 2H), 7.81 (d, J = 8.5 Hz, 2H). 7.33 (s. 1H). 7.18 (5. 2H), LOMS: {M+H]" =202,

[019¢] Step-2: §-[(48)-8-chlorochroman-4-yi}-3-{4-{4-cyanophenyijthiazel-2-yijurea
(Example 36): To a stirred solution of 4-nutro pheoyl chloroformate (022 g, 1.09 yomel) in
THF {5 mL) was added DIPEA (0.40 ml, 2.27 mymol) and the reaction mixture was cooled to
G °C. To this was added 4-(2-aminothiazol-4-vl)benzonitrile 36-2 (0.36 g, 1.82 mumol} and the
reaction mixture was stirred at 0 °C for 30 min. To the resulting reaction mixture was added
{48)-8-chlorochroman-4-amine hydrochlonde 36-3 (0.20 g, 0.90 mmol) and stirred at 30 °C
for 16 h. Afler completion, reaction nuxiure was cooled to RT and quenched with methanol.
Reaction mixtire was concentrated under reduced pressure. The product was purified by prep
HPLC 1o afford Example 36 (0.01 g). 'H NMR (400 Mz, DMSO-do) 8 = 10.55 (brs, 1H),
8.05 (d.J = 8.6Hz, 2H), 7.88 (4, ./ = 8.4 Hz 2H), 7.81 (s, 1H), 7.37 (dd, /= 1.2, 78 Hz,
1H}, 726(d,J=71Hz 1H), 7184, J =78 He, 1H}, 694 (t,J = 78Hz 1H), 501 {q.J =
113
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6.3 Hz, 1H), 4.44 - 438 (m, 1H), 4.32 - 4.26 (m, 1H). 2.22 - 2,13 (m. 1H), 2.11 - 2.04 (m,
1H); LOMS: [M+H] = 411

Example 37: Synthesis of (1-{{45)-8-chlorochroman-4-yi{-3-[4-(4-

methylsulfonyiphenyijthiazel-2-yHurea
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Step-3

Exampie 37

[0199] Step-1: 2-bromo-1-(4-methyisulfonviphenyiethenone (37-2): To a stirred solution
of 1-{d-methvlsulfonviphenvijethanone 37-1 {1.00 g, 5.04 mmol) in chloroform (20 mL} wag
added bromine {0.26 mL, 5.04 mmol} at 0 °C and the reaction mixture was siirred at RT for
16 h. After completion, reaction was quenched with saturated Na»S$20: solution, aqueous
layer was exiracted with EtOAc Combined organic layer was washed with brine, dried over
anhydrous Nas804 and concentrated under reduiced pressure. The compound was purified by
CombiFlash (15% E1QAc/hexane} to afford 2-bromo-1-{4-methylsulfonyiphenyljethanone
37-2 (0.80 g). 'H NMR (400 MHz, DMSO-ds) & = 8.23- 8.21 (o, ZH), 8.11- 8.09 (m, ZH),
5.01 (s, 2H}, 3.31 ¢s, 3H), LOMS: [M+H| = 277.

[0200] Step-2: S-(4-methylsulfonyiphenyl)thiazel-2-amine {37-4}: To a surred solution of
2-bromo-1-(4-methylsalfonyiphenylethanone 37-2 {0.20 g, 0.72 mmol} mt MeCN (S mL)
was added thiourea 37-3 (0.54 g. 7.22 mmeol) and the reaction maxture was heated at 80 °C
for 14 h. After completion, reaction was quenched with HO, aqueous laver was extracted

with EtOAc. Combined organic layer was washed with brine, dried over anhydrous Nax8Oy
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and concentrated under reduced pressure. The corapound was purified by CombiFlash (40%%
Ei3Ac/hexane) to afford S-(d-methylsulfonyiphenyithiazol-2-anune 37-4 (0.05 g}, 'H NMR
{400 MHz, DMSO-ds) 6 =823 - 8.21 (m, 2H), 7.98 - 7.96 {m, 2H}, 7.53 - 7.49 (m, 1H), 7.18
=716 {m, 1H), 6.51 « 6.49 (m, 1H), 6.11 (br s, 2FD, 3.30 (s, 3H).

(0201} Step-3: (1-1(4¥)-8-chlorechroman-4-yi}-3-[4-{4-methylsulfonyiphenyljthiazol-2-
yvijurea (Example 37} To a stirred solution of 5-{4-methyisulfonylphenyl)thiazol-2-amine

7-4 (0.20 g, 0.78 mmol} im DCE (4 mL} was added DIPEA (0.43 mL, 2.36 mumol} and
resulting reaction mixture was stivred at RT for 10 min. The reaction mixtore was cooled to 0
°C and was added triphosgene (0.11 g, 0.39 mmol) followed by (45)-&-chlorochroman-4-
amine 37-8 (0.14 g, 0.78 mmol). Resulting reaction mixture was stirred at 80 °C for 2 h.
Afier completion, reaction mixture was concentrated under reduced pressure and product
obtained was dissolved in BtOAc. Organic layer was washed with HaO, brive solution. dred
over anhvdrous NapSOs and concentrated under reduced pressure. The compound was
purified by prep-HPL{ to afford Example 37 (0.01 g). 'H NMR (400 MHz, DMSQG-ds} § =
10.54 (s, 1H), 8.104{d, J =85 Hx, 2H), 795 (d, 7= 8.5 Hx, ZH), 7.78 (s, 1M}, 7.35(dd, 7 =

2,78 He THYL 7250, J=T1Hz, IH), 711 J=78Hz, 1H), 692 (1, 7J=78 Hz, 1H),
499 (g, J=65Hz 1H), 444 -436{(m, IH), 432-425(m, 1H), 3.23(, 3H}, 2.19-2.13
(m. 1H). 2.10 - 2.03 (m, 1H), LCMS: [M+H]" = 464
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Example 38; Synthesis of 1-{4-[4-(I-amino-L-methylethyDphenyl thiazol-2-v1}-3-[{48)-8-

chlorochroman-4-yljurea
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Exampﬂe 38
[0202] Step-1: phenyl N-(d-bromaothiazel-Z-yljcarbamate (38-2): To a stirred solution of
4-bromothiazol-2-amine 38-1 (2.00 g, 11.20 mmol) in THF {20 mL) was added NaH (60%
mineral oil, 0.53 g, 22.30 mmol) at 0 °C. The reaction mixture was stirred at same
temperature for 30 nun. To the resulting reaction nuxture was added phenvl chioroformate
(1.60 mL, 13.10 mmol} and stirred at 25 °C for 12 h. After completion, reaction mixture was
guenched with ice cold water and extracted with EtOAc. Combined organic layer was washed
with brine, dried over anhydrous NapSQyu and concentrated under reduced pressure. The
product was purified by CombiFlash (20 % EtGAc/heptane) to afford phenvi N-(4-
bromathiazol-2-vicarbamate 382 (1153 @), 'H NMR (400 MHz, DMSQO-ds} § = 12.58 (s,
TH), 7.43 - 7.41 (m, 2H). 7.32 - 7.24 (m, 4H); LCMS: [M+H]" =301

0203} Step-2: -{4-bromothiazol-2-y1)-3-[(48)-8-chlorochroman-~4-yilurea 3842 To a
stirred solution of phenyl N-(4-bromothiazol-2-vljcarbamate 38-2 (0.53 ¢, 1.77 mmol} in

MeUN (8 mL} was added DIPEA (0.93 mL, 5.32 mmol) followed by (45})-8-chlorochroman-
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4-amine hvdrochloride 38-3 (0.39 g, 1.77 munol} at RT. The reaction mixture was stitred at
80 °C for 4 h. After completion, the reaction mixture was concentrated under reduced
pressure. The product was purified by CombiFlash (30 % EtQAc/heptane) to afford 1-(4-
bromotiiazoi-2-yD-3-[(45)-8-chlorochroman-d-vifurea 38-4 {0.50 g). "FHI NMR {400 MHz,
DMSO-ids) 3= 10.50 (br s, 1H), 7.34 (d.J = 7.8 Hz. 1H). 722 (d. J = 7.8 Hz, 1H). 7.16 -
731 (m, 1H), 6911,/ =78 He, 1H), 4.99-4.91 {m, 1H}, 442 -434 (m, 1H),430-423
(m, 1H), 2.19 - 2,10 (m, 1H), 2.09 - 2.01 (m, 1H); LOMS: [M+H]|" = 390,

[0204] Step-3: fere-butyl N-[1-{4-[2-[[{45)-8-chlorochroman-4-
yvHearbamoylamino{thiazel-d-yliphenvlj-1-methyl-ethyllcarbamate (38-6): To a stirred
solution of 1-(4-bromothiazol-2-v1)-3-{{45)-8-chlorochroman-4-vijurea 38- 4 (0.25 g, 0.64
mmol} i 1,4-dioxane (3 L) and water {1 mL) was added fers-butyl N-fl-methyl-1-{4-
(4,4.5 5-tetramethyl-1,3,2-dioxaborolan-2-vijphenvijethyljcarbamate 38-8 (0.2¢ g, 0.80
mmol}, tri potassium phosphate (0.40 g, 1 93 nunol) at RT and the reaction mixture was
purged with N> for 10 min. To the resulting reaction mixtre was added Pd(amphos)Cl: (0.09
2. .12 mmol) and again purged with N; for 5 min. Then the reaction mixture was heated at
100 °C for 16 h. Afier completion. reaction mixture was dituted with Hz0 and exiracted with
EtOAc. The combined organic layer was dried over anhydrous Naz804 and concentrated
under reduced pressure. The product was purified by CombiFlash (60 % ethvl
acetate/heptane) to afford rert-butyl N-[1-[4-[2-[[(45)-8-chlorochroman-4-
yljcarbamoylamine thiazol-4-vliphenvl}-1-methyl-ethyljcarbamate 38-6 (0.15 ¢). 'H NMR
(400 MHyz, DMSO-ds) 5= 1043 (s, 1H)}, 7.73(d, J = 7.6 Hz, 1H), 740 (5, 1H), 7.34-7.32
(o, 3H), 7.25¢d. /=& O Hz, 1H), 715- 710, 2H), 6,92 {1,/ = &G Hz, 1H), 499-498
(m, TH), 4.39 - 425 (m 2H), 216 - 2.07 (m, ZH), 1.49 (5, 6H), 1.33 (s, 9H); LOMS: [M+H]

=543,

[0205] Step-4: 1-[4-[4-(f-amine-i-methyl-ethyl)phenylithiazel-2-yi}-3-{(45}-8-
chisrechroman-d-yijurea (Example 38): To a stirred solotion of rert-butyt N-[1-{4-[2-
[1{4S}-8-chlorochroman-4-yljcarbamoviammolthiarol-4-viiphenyi}- 1 -methyl-
ethvijcarbamate 38-6 (0.05 g, 0.09 mmol) in DCM {1 mL) was added 4.0M HCl in | 4-
dioxane (.83 mL, 24.00 mmol} at 0 °C. The reaction mixture was stirred at 0 °C for 1 h
After completion, the reaction mixture was concentrated under reduced pressure to remove
the solvent. The product was triturated with EtOAc, pentane and concentrated under reducad
pressure 1o afford Example 38 (0.03 g) 'H NMR (400 MHz, DMSO-de) § = 10.54 (s, 1H),
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§.50 (br s, 3H), 7.90 (4. = 8.5 Hz, 2H), 7.61 - 7.52 (m. 3H). 7.38 -7.30 {m, 2H), 7.28 - 7.21
(m. TH), 6.92 (4. J = 7.8 Hz, 1H), 499 (q.J = 6.6 Hz, 1H). 4.44 - 437 (m, 1H), 4.32 - 4.24
(m, THy, 2.22 -2.12 (m. 1H), 2.09 - 2.01 (m, 1H), 1.64 (s, 6H); LOMS: [M+H] = 444

Example 39 and Example 48: Synthesis of 1-{2-[{-[2-aminopropylipyrazel-4-ylthiazol-
4-911-3-1{45)-8-chiorechroman-4-yilurea

Iy
C!\//Lj /"\ /’L’\ ’7 Br

e -
\ - “Bos 384
-0 38-2 \L . KePOy, Pa{dppliCi2. DCM,
—h ,Bm\{ hH CMBP, Phih, CN/\T dioxans-water
(8] = ? ~0
/ N Step-1 ! =N Rog Step-2
38-1 3%-3
o™ e 4N HC! N
] i /D : in di ii e
oL -‘.,,N_JLN,P\N!'/““(:E/H\( in dioxane - /\ ) /]L B ,}—J E EH
] - ~ 2
1 P H H 8o Step-3 {3\ /T o
39-8 )
N
o o] F‘"S PN
seg;’:tifgn ct : ,-j\ /!L /} ‘“‘ ’;\i;q \T/
N TN e !
_______________________ - I

Examples 38 and 40

* Absolute stereochemistry not determined

[0206] Step-~1: fert-butyl N-[1-methyl-2-[4-(4,4,5,5-tetramethyl-1.3,2-dioxaborolan-2-
yijpyrazob-1-yljethylicarbamate (39-3): To a stirred solution of fert-butyl N-(Z-hvdroxy-1-
methvi-ethyllcarbamate 39-2 (3.00 g, 17.10 mmol} in toluene (20 mb ) was added 4-(4.4,5.5-
tetramethyl-1,3,2-dioxaborolan-2-vi}-1#-pyrazole 39-1 (3.99 g, 20.5 mmol} followed by
cyanomethvienstributviphosphorane (4.5 mL, 17.1 mmol) at RT and the reaction mixture was
stirred at 90 °C for 16 h. After completion, the reaction nmuxture was filtered and the filtrate
was concentrated under reduced pressure to obiain a product which was purified by
CombiFlash (80% EtQAc/n-heptave} to afford fer~butyl N-[F-methyl-2-{4-(4,4,5.5-
tetramethvi-1,3 2-dioxaborolan-2-vhpvrazol-1-vljethyljcarbamate 39-3 (0.75 g). LCMS:
[MH+H]" = 352,
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[0207] Step-2: fert-butyl N-[2-14-14-1{{45)-8-chlerochroman-4-
vijcarbamoylamine]thiazel-2-ylipyrazol-1-yi-{-methyl-ethyljcarbamate (39-5): Toa
degassed solution of 1-(2-bromothiazol-4-y1}-3-{(48)-8-chlorochroman-4-vijurea 39-4 {0.20
g, 0.50 mumol) and feri-butyl N[ 1-methy1-2-{4~{4,4,5 S-{etramethyl-1,3,2-dioxaborolan-2-
viypyrazol-1-vljethvijcarbamate 39-3 (.26 ¢, 0.61 mmwol) in 1 4-dioxane (10 mb) and water
(1 mL) was added KaPOs (0.32 g, 1 53 mmol) followed by Pd{dppHiCl> complex in DCM
{0.02 g, 0.02 mmol). Reaction mixture was stirred af 90 °C for 3 h. Afier completion, reaction
mixture was filtered through Celite, dituted with EtOAc. The organic layer was washed with
Ho(, trine, dried over anhydrous NazSO4 and concentrated under reduced pressure to vield
product which was parified by CombiFlash to afford fere-bugyl A=} 2-{4-14-1{{48)-8-
chlorochroman-d-y1ljcarbamoviaminojthiazol-2-vlipyrazol- { -vi}-1-methyl-ethyilcarbamate

39-5 (0.05 g). LOMS: [M+H] " =533,

[(1208] Step-3: §-j2-{1-{2-aminopropylipyrazel-4-ylithiazel-4-yi]-3-[(4%)-8-
chiorachroman-4-yljurea (39-6): A solution of rerf-butvt N-{2-{4-[4-][(45}-8-
chlorochroman-4-yljcarbamoviaminojthiazol-2-vpyrazol- 1 vij-1-methyl-sthylfcarbamaie
39-5 (0.11 g, 0.20 nmunol) n 4M HCI i diovane (1.0 md.) was stirred at 0 °C for | h. After
completion, reaction mixtwe was concentrated under reduced pressure. The product was
tritarated with E{ to afford 1-{2-{1-{2-aminopropyhpyrazol-d-vifthiarol-4-y1}-3-{(45}-8-
chlorochroman-4-vijurea 39-6 (0.08 g). LOMS: [M+H] " =433

[0209] Step-4: 1-]2-[3-[2-aminopropylipyrazel-4-yithiarel-4-yi-3-[(45)-8-
chiorechroman-4-yijurea (Examples 39 and 40): -{2-[ 1-(Z-anunopropyhipyvrazol-4-
vijthiazol-4-y1}-3-[{45)-8-chlorochroman-4-yijurea 39-6 (0.08 g, 0.19 mmol} was submitted
to chiral-HPLC separation to afford Example 39 (0.0] g) and Example 40 (0.01 g). The

absolute stereochemisiry of these products was not deternuned.

[0210] Example 39: 'H NMR {400 MHz, DMSO-ds) 5= 9.15 (5. 1H). 8.23 (5. 1H). 7.84 (5.
1H), 7.33 (dd, 7 = 1.3, 7.9 Hz, 1H), 7.24 (d, J = 7.1 Hz, 1H), 7.05 (s, 1H), 6.94 - 6.85 {m,
2H), 495 (q,.J = 1.0 Hz, 1), 4.44 - 436 (m, 1H), 4.29 - 4.19 (m, 1H), 3.98 (dd. J = 4.6, 6.1
Hz, 2H). 3.22(q.J = LO Hz 1H). 219 - 2,10 (o 1H), 2,04 - 1.97 {m, 1H), 0.95 (0. J = 6.5
Hz, 3H), LOMS: [M+H]" = 433,

23

[0211] Example 40; "H NMR (400 MHz, DMSO-de) 8= 9.15 (s, 1H), 8.23 (s, 1H), 7.84 (s,
IH), 7.33¢dd, J = 1.4, 7.9 Mz, 1H), 7.26 - 7.22 (my, TH), 7.05 (5, TH), 6.94 - 6.86 {m, ZH),
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4.95 (q.J = 1.0 He, 1H). 4.43 - 4.37 (nu 1H), 4.28 - 4.20 (m, 1H), 4.07 - 3.92 (m, 2H}. 3.22
(q.J = LOHz 1H), 2.20 - 2.10 (m, 1H). 2.05 - 1.96 {m, 1H), 0.95 (d.J = 6.4 Hz. 3H);
LOMS: [M+H] = 433,

Example 41 and Example 42: Synthesis of 1-{{45}-8-chlorechroman-4-yi}-3-[2-{4-

Ipyrrolidin-2Z-yllphenyljthiazol-4-ylurea
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Exampies 41 and 42

“ Absalute sterecchemistry not determined

[0212] Step-1: fert-butyl 2-[4-[4-[[{45)-8-chlorochroman-4-yllcarbamoyiamino}thiazel-
-yl phenyl]pyrrolidine-I-carboxylate (41-3): To a degassed solution of 1-(2-
bromothiazol-4-vi)-3-{(45)-8-chlorochroman-4-yijurea 41-1 (.16 ¢, 0.43 mmol) and rerr-
butyl 2-{4-(4,4,5 S-tetramethy 1,3, 2-dioxaborolan-2-ylphenylpvrrolidine- T -carboxviate 41~
2 ({124 g, 0.64 nuwwol) in 1.4-dioxane (8 mlL) and water (2 ml) was added KsPOs{0.30 mL.,
1.29 nunol) followed by Pd(dppfiCl: (0.01 g, 0.02Zmmol) and the reaction mixture was
purged with argon for 10 min. Reaction was stirred at 100 °C for 2 h. After completion, the
reaction mixture was filtered off through Celite bed. The filtraie was diluted with EtQAc. The
organic laver was washed with HoQ, brine, dried over anhvdrous NapS0Os and concentrated
under reduced pressure to obtain a product product which was purified with CombiFlash
(20% EIQAc/n-heptane} to afford fer-butyl 2-[4-{4-{{{(45)-8-chlorochroman-4-
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yljcarbamoyvianinojthiazol-2-vi]phenvi]pyrrotidine- -carboxviate 41-3 (.21 g). 'H NMR
{400 MHz, DMSO-ds) 6 =9.26 (s, 1H), 7.79 {s, ZH), 746 - 715 {m, 5H), 6.92(d. J = 3.5 Hz,
2H), 496(d. J =46 Hz 1H)Y, 487471 (m, 1H), 440 (s, 1H), 426 {d, J = 8.3 Hz, 1H)},
351 (d, J — 148 Ho, 28, 233 (s, 1D, 2,14 (d, J — 4.6 He, 1H), 2.03 (s, 1H), 1.83 (s, 2H),
171 (s, TH). 1.48 - 1.04 (m. 9H), LOMS: [M+H]" = 555.

[0213] Step-2: 1-{{45)-8-chlorachroman-4-yl}-3-{2-{4-pyrreolidin-2-yiphenyiithiazol-4-
yHurea hydrochloride {41-4); A solution of ferr-butyl 2-{4-[4-]{(45})-8-chlorochroman-4-
yljcarbamoviaminothiazol-2-y1 phenviipyvrrolidine- T-carboxviate 41-3 (0.20 g, .34 mmol)
m 4.0 M HClin dioxane (2.0 mL) was stured at 0 °C for 1 b After completion, reaction
mixture was concentrated under reduced pressure. The product was triturated with EtOAc to
obtain 41-4 1-{{45)-8-chlorochroman-4-v1i-3-[2-(d-pyrrohidin-2Z-yiphenvhihiazol-4-ylHurea
hydrochloride (0.17 g). LCMS: [M+H]" =453,

[0214] Step-3: 1-[{45)-8-chlorachreman~d-yi}-3-{2-[4-pyrrolidin-2-yi phenyijthiazel -4~
yijurea (Examples 41 and 42): 1-[{45)-8-chlorochroman-4-vi}-3-[2-(4-pyrrolidin-2-
viphenviYthiazol-4-yljurea 41-4 (0.21 g} was submiited for chiral-HPLC separation io afford
Example 41 (0.05 ) and Example 42 (0.02 g}, The absolute stereochemustiv of these

products was not determined.

[0215] Example 41: "THNMR (400 MHz, DMSO-de) § = 9.25 (s, 1H), 7.77 (d. J = 8.3 Hz,
2H), 7.46 (d.J = 8.1 Hz. 2H), 7.34 (dd, / = 1.3. 7.9 Hz. 1H), 7.27 - 7.24 (m. 1H). 7.21 s,
1H), 6.96 - 6.85 (m. 2H), 4.96 (g, J = 6.1 Hz, 1H). 4.45 - 4.36 (o, 11D}, 4.29 - 421 (m, 1H),
408 (. J = 7.6 Hz, 1H), 306 - 2.96 (m, 1H), 2.95 - 2.85 (m. 1H). 2.23 - 2.07 (m, 2H), 2.07 -
1.96 (m, 1H), 1.84 - 1.67 (m, 2H), 1.53 - 1.41 (m, 1H), LCMS: [M+H]" = 455,

[0216] Example 42: 'H NMR (400 MHz, DMS8O-de) § = 9.25 (s, 1H), 7.77 (d, J = 3 Hz,
2H), 7.46 (d, J = 8.3 Hz, 2H), 7.34 (dd, J ~ 1.3, 7.9 Hz, 1H), 7.27 - 7.24 (m, 1H), 7.21 (s,
1H), 6.96 - 6.87 (o, 2H), 5.01 - 4.91 (m. 1H), 4.45 - 4.36 (m, 1H), 4.30 - 4.20 (m, 1H). 4.09
(t.J = 7.6 Hz, 1H), 3.07 - 2.97 (m, 1H), 2.96 - 2.86 (m, 1H), 2.21 - 2.08 {m, 2H). 2.07 - 1.97
{m, 1H), 1.82 - 1.68 (m, 2H), 1.53 - 1.41 {m, 1H): LOMS: [M+H]" =455,
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BIOLOGICAL/BIOCHEMICAL EVALUATION

DNA polymerization assay {o monitor ¢ffects en human POLy and five disease-causing

mutant variants of human POLy.

{0217} The ability of small molecules to stimulate the polymerase activity of POLy was
analvzed in a quantitative fluorescence SYBR Green [ assay with fluorescence mtensity (FI)

readoutl,

[0218] In the presence of dNTPs, human POLy and mutant derivatives thereof were
incubated with single-stranded, circular M13mpi8 ssDNA hvbridized to a short DNA
oligonucleotide that functions as a primer for inttiation of DNA synthesis. POLy and mutant
derivatives thereol will extend the privner and use the MI3mpl1 8 molecule as a template to
svithesize long stretches of double-stranded DNA. SYBR Green I which is a double-
stranded DNA-binding dye, was used to quantify formation of double-stranded DNA in the
reaction. When bound to double-stranded DNA, SYBR Green T fluorescence increases by up

to 100-fold.

[0219] The assay was performed in the 384-well plate forroat. Upon addition of coropounds,
changes in double-stranded DINA synthesis activity can be monitored by following effects on

fluorescent intensity.

{0220} Proteins used in the polvmerization assays were wild type POLyA (POLyAWT) and
mutant derivatives thereof in which an Alanine in position 467 of the amine aads sequence
had been changed to Threonine {(POLYA:A467T), a Glycine in position 848 of the amino
acids sequence had been changed to Serine (POLyA GE4E8), an Argining in position 309 of
the amino acids sequence had been changed to Cysteine (POLyAR309C), or a Tyrosine in
position 955 of the anuno acid sequence had been changed to Cysteine (POLyAIY955C)
W748S substiiution arises because of a G to € mutation at position 2243 in exon 13. The
W7488 mutation 13 generally found in cis with the E1143G polymorphism, which is caused
by an A to G transition at nucleotide 3428 in exon 21 of POLy. The reactions also contained
the accessory POLyB subumt, and the human mitochondrial single stranded DNA binding

protein {mtSSB}.

[0221] The protein nuxture used in the assavs contained POLyA or a wutant dertvative (§
nM), POLYB (1.3 nM, concentration calculated as a dimer), 25 mM Tris-HC (pH 8.0), 0.1
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mg/ml bovine serum albumin, 1 mM Bond-Breaker TCEP solution (pH 7), 25 mM NaCl,

and 0.02% Triton X-100.

[0222] The primed circular ssDNA template used in the polymerization assay was generated
by hybridizing circudar, single-stranded DNA from Mi3mpl8 with a 20 nucleotides long
oligonucleotide (5-GTA AAA CGA CGG CCA GTG CC-3" using a Bio-Rad T100 Thermal

Cycler.

[0223] The DNA teraplate muxture used in the assav contained 6.5 nM primed M13 mpi8
ssDNA. 400 nM mitSSB, 0.1 mM Tris-HCI {(pH 8.0). 0.1 mM INTP, 10 mM MgCi2, 0.1
mg/mL BSA, 1 mM Bond-Breaker TCEP solution, and 0.02% Triton X-100. The DNA
teroplate muxture for the wild type protein contained etther 100 uM dNTP or 0.1 uM dNTP,

the latter being designated with an * in Table 2.

{0224} Microplates with compounds {0.1pL in each well} to be tested in the assay were
prepared from 10 mM compound stocks in 100% DMSO0, and equal amounts of DMSO

without any compound were added 1o positive and negative conirol wells.

[0225] The protein mixture was dispensed (5 pl indo each well) into compound plates and
incubated at 37 °C for 13 minutes. After incubation, 5 ul. of the DNA template mixture was

disperzed into each well. The plates were then incubated atl 37 °C for 2 hours,

{0226} Daring incubation, a combined stop buffer and detection reagent solution was
prepared. The buffer contained 25 niM EDTA (pH 8.0}, 0.02% Trion X-100, and SYBR
Green I diduted 10.000 X (for fluorescent readout). EDTA will stop the enzymatic reaction by

chelating magnesium ions.

0227} After the incubation period, SYBR Green I solution was added (10 ul) to the
screening plates and the plates were mcubated at roorn temperature in the dark for 20 minutes
before the fluorescent signal was read between 485-320 nM on a microtiter plate reader. The

compound concentrations for half maximum activity {ACse) are provided in Table 2.
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Table 2: ACse Values for POLy Achivators on Human POLyY and Human Mutant POLy.

] 2 0.2 0.02%
2 3 03 0.6 . 0.04%
3 0.9 100 100 100 160 2%

4 4 2 3 0.6 0,2 0.5
5 10 0.4 0.4 - - 0.07
6 10 10 - - - 2%

7 15 17 o 5 5 3%

] 0.5 0.04 0.08 - - 0.02
9 0.2 0.07 0.005 0.01 0.009 0.007
10 0.5 0.1 0.01 0.003 .005 0.02
11 0.2 (1.6 0.04 .03 {.009 0.01
12 3 2 0.1 3 0.5 0.5
13 4 6 .08 07 (.3 0.2
14 0.9 (0.9 0.09 0.1 0.04 0.05
15 1 01 0.04 (.04 <(1.003 0.01%
16 0.5 0.3 0.08 0.2 .03 0.02

7 0.1 G.05 0.04 0.609 0.01 0.005
18 0.2 $.009 0.01 (.002 0,008 <3 003
19 0.4 0.3 0.1 (.1 (.02 0.03
20 0.2 0.07 0.1 0.2 0.03 0.01
21 0.9 04 0.4 0.8 0.3 0.09
22 1 (.04 0.1 1 0.1 (.03
2 (.03 .05 0.03 0.04 0.02 0.02
24 10 0.1 0.1 0.1 0.04 -
25 0.1 (.03 0.04 (.08 .03 0.006
26 0.6 .04 .09 0.2 0.02 0.2
27 0.2 <(.003 0.06 .04 0.03 0.005
28 0.2 0.04 0.03 (.03 0.01 0.01
29 0.5 0.3 <0003 0.2 .05 0.01
30 1 0.5 0.06 (.04 .03 0.04
3 i {01 0.04 <(.003 <(.003 0.03
32 0.3 0.1 0.05 .02 <{1.003 .02
33 0.6 0.3 0.1 04 0.06 0.009
34 3 2 3 5 1 0.5
35 1 03 0.09 .05 .02 0.02
36 2 { 0.5 0.06 - 0.6%
37 0.3 0.2 .06 0.2 0.1 0.04%
3% 9 3 2 - - -
39 3 1 04 0.7 0.1 0.05%
40 4 (.4 0.2 0.1 0.08 0.04*
41 2 0.1 0.2 0.2 (.04 0.02%
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: in 1l
42 0.6 0.5 <(.003 <0.003 0.02 0.01%
43 6 35 3.4 - - 0.4
44 7 10 4 ~ - 3
45 3 2 30 4 5 0.4%
46 0.1 (0.01 0.02 (.01 <{(3.003 ~
47 (.08 (.01 0.01 6.01 0.008 0.01*
48 0.5 0.04 0.06 4.03 0.03 0.01*
49 0.2 0.04 0.04 (.03 0.02 ~
50 0.2 0.06 0.04 0.04 (.02 0.01%
51 0.04 (.004 .01 3006 .007 0.001
52 0.5 0.1 0.07 0.1 0.03 0.1*
53 1 0.2 0.2 - - 0.1
54 2 0.3 0.3 ~ - 0.1
55 0.05 0.01 0.01 .01 (1.001 (.003
36 0.1 0.02 - - - ~
57 10 (.06 - ~ - -
58 1 01 04 0.2 0.05 0.06
59 2 10 - - - ~
G0 i 0.4 03 0.07
61 10 ) - ~ - -
62 10 0.6 - - - 0.2
63 0.8 0.1 - - - 0.1
64 3 0.2 - ~ - -
65 0.3 0.02 - - - 0.01
66 0.5 (.04 - - - 0.0067
67 0.6 0.1 - - - -
68 0.2 0.01 - - - -
69 0.3 0.07 - - - 0.1
70 3 0.1 - - - 0.07
71 0.4 0.4 01 - - 0.1
72 0.04 (.6062 - - - ~
73 0.08 (3.02 - - - -
74 0.1 0.04 0.1 (3.05 001 0.03
75 10 0.6 - - - 0.3
76 {0 10 - - - 0.2
77 2 0.1 - ~ - 0.1
78 1 0.1 - - - 0.02
79 1.4 1 0.1 0.4 .02 0.4
81 2 0.3 - - - 0.1
’2 8 0.4 04 ~ - 0.1
33 ~ ~ ~ - ~ ~
85 10 2 - - - i0
&7 6 { 0.7 ~ - 0.3
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59 10 0.2 02 - - 0.1
106 g 0.8 i - - 0.2
101 10 16 i ~ - 0.3
102 - - - - - -
105 0.05 .G05 3.008 - ~ 0.03
106 0.4 0.2 0.2 0.2 0.1 0.05
108 10 2 16 - - i
109 10 10 4 10 i 0.8
116 10 7 2 - - 10
HES 10 g 6 - - 5
113 10 10 - - - ~
114 10 10 - - - -
115 4 (.3 0.3 - - .02
iis6 i 072 2 - - 0.03
117 3 0.3 0.2 - - 0.06
118 3 (0.5 0.2 - - .05
119 2 (.6 03 - - 0.1
120 1 0.2 ~ - - -
121 0.6 0.06 - - - -
122 3 0.3 - ~ - -
123 2 2 ~ - - ~
124 0.4 (.04 - - - -
125 3 .3 - - - -
26 2 03 - - - -
127 4 0.4 - - - -
128 10 3 - ~ - -
129 {0 10 - - - -
130 0.6 .06 - - - 0.01
131 4 0.8 0.5 - - 0.1
132 0 0.5 0.6 - - -
133 [ 0.0 - - - ~
34 10 10 - - - -
135 10 10 10 ~ - 10
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136 1 01 2 0.05
37 2 0.4 0.3 0.1
138 i 0.3 0.1 0.05
136 0.3 0.07 0.07 0.03
140 0.4 .03 0.02 0.01
141 2 .5 0.3 0.05
142 0.2 0.05 .05 0.02
143 10 02 02 0.1
144 2 0.3 0.3 0.1
145 10 2 6 1.4
146 5 05 0.8 0.3
147 0.1 0.008 (3.005 0.002
148 2 6.07 0.1 0.03
149 7 09 0.7 0.15
150 7 i i 0.2
151 10 i 3 4.3
152 1y { 0.5 0.5
153 7 .05 0.03 0.1
154 10 2 10 10
185 1o (.6 0.3 0.01
15G 2 0.3 04 0.07
157 ! 0.1 0.2 (.04
158 10 S 10 1.3
156 10 10 10 1.6
160 10 2 Y/ i
161 6 3 2 -
162 10 10 10 1
163 2 0.6 0.3 0.2
164 3 3 - 0.5
165 0.4 0.4 - 0.04
166 1 2 - 0.4
167 7 03 - -
168 6 3 - -
169 3 (.7 - -
170 2 0.8 - ~
171 10 10 - -
172 10 10 - -
173 10 3 - ~
174 10 1 - -
175 0.7 0.3 - -
176 1 0.1 - -
177 10 10 - -
178 10 10 - -
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179 2 0.7 -
180 3 .3 -
181 6 | -
182 & 1 -
{83 1 0.08 -
1384 1 0.3 -
185 1 {11 -
186G 10 10 ~
187 10 5 -
18¥ 10 10 -
189 10 10 -
190 10 1 -
191 10 10 -
192 4 .8 -
193 10 5 -
194 10 10 -
195 7 { -
196G 0.5 0.06 ~
197 2 0.2 -
198 10 3 -
199 10 0.4 ~
200 1 0.07 -
201 2 0.1 -
202 0.2 0.01 -
203 2 02 -
204 3 0.2 -
205 2 0.1 -
206 1 0.09 -
207 3 .02 -
208 10 2 -
209 10 9 -
210 10 03 -
211 0.3 .03 -
212 0.9 (.1 -
213 10 2 -
214 10 10 -
215 6 { -
216 10 2 -
217 10 0.6 -
218 6 2 -
219 S 2 ~
220 10 3 -
221 10 2 -

128



WO 2025/019407 PCT/US2024/038000

22
223 1O 3 - - - -
224 10 2 - - - -
225 10 10 - - - -
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CLAIMS

1. A compound having the structure of formula (1), or a pharmaceuncally acceptable salt

thereol,

(R%),

(I
wherein:

R! is selecied from the group consisting of H, €;-C; alkyl, CL F, CN, and 0-C;-Cs atkyl
oplionally substituted with one or more halogen;

R* is H or C1-Ca alky! optionally substituted with OR®;

R® is each independently H or {1-Cy alkyl optionally substituted with one or more
halogen or OH,

RY 15 C-R% or 8, wherein one R* is C-R3 and the other R 18 §:

7 1s selected from the group consisting of C1-{s alkvl, {1-Cs alkene. NRR®, 8R®,
C{O)R®, CIOR7, C(OIOR’, CLOINRIRS, | cvcloalkyl, heterocvelyl. aryl, heteroaryl,
heteroaryl-cyeloalkyi, aryl-heterocvclyl, aryl-heteroaryl, and sulfonamide,

wheren the C1-Ce alkyl 1s optionally substituted with one or more groups cach
mdependently selected from the group consisting of cycloalkyl optionally substituted
with one or more halogen, phenyl, OR’, halogen, C(OINRR®, NRR®, NR*-C(0iCH;,
SO.R®, NH-SO:R’, heterocyelvl, arvl, heteroaryl, and aryl-heteroarvi,

wherein cycloalkyl is optionally substituted with one or more groups each independently
selected from the group consisting of F, C1-Cs altkvi-OH, C-Cs alky-0-C1-Cs alkyl,
C{O)OR’, C{OWR’R®, NR'R®, and NR-C(OYCH;.

wherein heterocyclyvl optionally contains another heteroatom that 1s N or O, and 1s
optionally substituted with ong or more groups each independently selected from the
group consisting of F, OR®, keto, C3-Ce cycloalkyl, C{OM H:, C(OINRR®, NH-
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COIR®, NH-SO:R>. and C1-Cy alkyl that is optionally substituted with one or more F
or OH,
wherein arvi is optionally substituted with one or more groups selected from the group
consisting of:
Ci-Cqalkyl that 1s optionally substituted with one or more groups each independently
selected from the group consisting of F, OH. and NRR®,
C3-Co cyveloatky that is substituted with NR°RS,
hatogen,
CN,
OR’,
C(ONRIRS,
NRRS,
SORS,
SONRIRS,
SONHIR,
S(NRWNH)R,
P(ORR’, and
4- or 3,6-membered heterocyclic ring optionally containing one or more additional
heteroatoms that is § or N, and is optionallv subsiituted with one or more groups
independently selected from the group consisting of F. €1, OR®, {N, Ci-Cq alkyl, oxo,
and NRRE,
wherein heteroaryl is optionally substituted with one ot more groups each independently
selected from the group consisting of cycloalkyl opiionally substituted with one or
niore OH or F, CN. C{OINRR®, OR’, NR°RS, oxo, SO:R®, a 4- to 6-memberad
heterocyelic ring. and Ci-Ca alkyl optionally substituted with one or more groups each
independently selected from the group consisting of F. NRR®, OR®, and C{OINR RS,
wherein the aryl-heterocvelyl is optionally substituted with one or more groups each
mdependently selected from the group consisting of CL F, and Ci-Caalkyl that s
optionally substituted with a group selected from the group consisting of OR®, CL, and
F
wherein the arvi-hetercaryl is optionally substituted with Ci-Cs alkvi that is optionally
substituted with OR>;

R3 is independently H or €1-Cs alkyl:
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R is selected from the group consisting of H. cyclopropyl. and Ci-Cs alkyl optionally
substituted with one or more groups selected from the group consisting of NRR®
OR’, and halogen;

R7 is cycloalkyl optionally substituted with one or more halogens:

s i-4;

poois 12

with the proviso that a compound selected from the group consisting of:
{S3-1-(B-fluorochroman-4-y1)-3-{S-(tetrahy dro-2 H-pyran-4-yhthiazol-2-y Durea,
1-{chroman-4-yi}-3-{4-cvclobutylthiazol-2-vlyurea,
1-((3R 4R)-3-(hyvdroxymethy Dchroman-4-y1)-3-(4-{methoxymethyjthiazol-2-v urea,
and
1-(5-cyclopropyithiazol-4-y1)-3-{(3R 4R)-3-(hvdroxymethvhchroman-4-viurea, is

excluded.

2. The compound according to claim 1, wherem:

R' is selected from the group consisting of H, CL, F and O-C; alkyl optionally substituted
three halogens,

R? s H;

R s H:

RY is C-R% or §, wherein one R* is C-R° and the other R*is §;

7 is selected from the group consisting of Ci-Cs alkyl, € alkene, NR'R®, SR, C{OIR®,
C{OR", CLOYOR®, CLOINRRS, cycloalkyl, heterocycly]

s

arvl, heteroaryl, beteroarvi-
cvcloalkvl, and sulfonamide.

whergin the C1-Ca alkyl is optionally substituted with one or more groups each
mdependently selected from the group consisting of cvclopropyl, eyvclobutyl
optionally substituted with one or more F, OR’, halogen, NR'RS, and NH-SO:2R.

wherein cycloalkyl is optionally substituted with one or more groups each independently
selected from the group consisting of F, CHz-OH, CHz-0-CH:, and C{OYOR?,

wheremn heterocyclyvl optionally contains another hetercatom that1s N or O, and 15
optionally substituted with one or more groups each independently selected from the
group consisting of F, OR®, and Ci alky] optionally substituted with one or more F,

wherein arvl 1s optionally substituted with one or more groups selected from the group

consisting of;
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C1-Ca alky] that is optionally substituted with NR°R®,

halogen,

CN,

OR’,

C{OINRRS,

SRS,

SONRRS,

SONH)R,

S(NRYNH)R,

PORR’, and

S-membered heterocyclic ring optionally contaiming one or roore additional

heteroatoms that is § or N, and 1s optionally substituted with one or more oxo,
wherein heteroaryl is optionally substituted with one or more groups each independently

selected from the group consisting of cyclopropyl, evelobutyl optionally substituted

with one or more OH or B, ON, C{OMNRR®, SO-R®, 5 4- to 6-membered heterocyclic

ring, and C;-Cs alkyl optionally substituted with one or more groups each

independently selected from the group consisting of F, NR'R®, and OR:

wherein the aryl-heterocyeivl is optionally substituted with one or more groups each
independently selected from the group consisting of Cl, F, and C1-Ca alkyl that is
optionally substituted with one or more groups selected from the group consisting of
OR’ ClL and F;

wheretn the aryl-heteroary! is optionally substituted with C1-Cs alkyl that s optionally

substituted with OR;

R is independently H or Cy alkyl;

R® is selected from the group consisting of H, cyclopropyvl, and Ci-Cs alky] optionally
substituted with one or more groups selected from the group consisting of NR’R?,
ORS, and halogen;

R7 s evclobutyl optionally substituted with one or yuore halogens:

n sl and

p isl

3. The compound according to claim 1, whereir:

R! is selected from the group consisting of H, Cl, and F;
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p

is H;

is H;

is C-R° or 8, wherein one R*is C-R° and the other R is §;

Ci~Ca alkyl is optionally substituted with one or more groups each independently
selected from the group consisting of cvclopropyl, OR, halogen, and NR'R®,

is independently H or Uy alkyl;

 is selected from the group consisting of H, cyclopropyl, and €:-Cs alky! optionally

substituted with one or more groups selected from the group consisting of NR*R,
OR®, and halogen;
is 1; and

s 1

4. The compound according 1o claim 1, wherein:

Rl

RS

n

D

is selecled from the group consisting of H, CL and F;

i3 H;

is H;

is C-R% or 8, wherein one R* is C-R® and the other RYis §;

is aryl substituted with one or wore groups selected from the group consisting of!

halogen,

C{ONRRE and

SONRRS,

is independently H or Cy alkvl:

is selected from the group consisting of H. cvelopropvl, and Ci-Cs alkyl optionally
substituted with one or more groups sefected from the group consisting of NR°R®,
OR’, and halogen;

is 1; and

is 1.

5. The compound according to claim 1, wherem:

Rr!
RZ
R'j
R4

is selected from the group consisting of H, Cl, and F;

s H;

s He

is C-R° or 8, wherein one R* is C-R> and the other R* 15 8;
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7 heterocyclvl optionally contains another hetercatom that 1s N or O, and is optionally
substituted with one or more groups each mdependently selected from the group
consisting of F, OR, and C; alkyl optionally substituted with one or more F,

RS is independently H or Cy alkyl:

i sl and

p sl

6. A compound having the structure of formuda (11}, or a pharmaceutically acceptable salt

thergof,

{in
whersin:

R? is H or C:-Cs alkyl optionally substituied with OR3;

R’ is each independently H or C;-C; alky! optionally substituted with one or more
halogen or OH;

R? is C-R° or S, wherein one R® is C-R° and the other R* i5 §;

7 is selected from the group consisting of C1-C alkyl, C1-Ce alkene, NR°R®, SR3,
C{OOR®, CLOWT, CIOYOR’, CLOINRR®, cycloatkyl, heterocyclyl, arvl, heteroaryl,
arvi-heterocyclvl, arvi-hetercary], and sulfonamide,

wherein the C1-Cs alkyl is optionally substituted with one or more groups each
mdependently selected from the group consisting of cycloalkyl optionally substituted
with one or more halogen, phenyl, OR’, halogen, heterocyclyl, C{ONRR® NRR®,
NRP-C{O)CHs. SO.R5, NH-SO.R®, aryl, heteroarvi, and arvi-heteroaryl,

wherein cycloalkyl s optionally substituted with one or more groups each mdependently
selecied from the group consisting of F, Ci-Cs alky-OH, Ci-C alky1-0-C1-Ca alkyl,
C(OIOR’, C{OINRR®, NRR®, and NR>-C(O)CH;s,

4
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wherein heterocvelyl optionally contains another heteroatom that is N or Q. and s
optionally substituted with one or more groups each independently selected from the
group consisting of F, OR®, keto, C3-Cs eyvcloatkyl, C{OHCH:, CYOINRRS, NH-
COMR®, NH-SOuRY, and C1-Cy alkyl that 15 optionally substituted with one or more F
or OH,

wherein arvl is optionally substituted with one or more groups selected from the group
consisting of!

Ci~Cqalkyl that is optionally substituied with one or more groups each independently
selected from the group consisting of F, OH. and NR°R®,

C3-Co cycloalkyl that is substituted with NRR®,

halogen,

OR’,

C{ONRRS,

NRRE,

SO.RS,

SONRRE,

SO{NH)IR,

SNRHNHIR.

PORRS, and

4- or 5,6-membered heterocyelic ring optionally containing one or more additional
heteroatoms that ts S or N, and is optionally substituted with one or more groups
independently selected from the group consisting of F, CL OR®, CN, -4 alkvl. oxo,
and NRR®,

wherein heteroaryl 1s optionally substituted with one or more groups each mdependently
selected from the group consisting of cycloalkyl optionally substituted with one or
more OH or F, ON, C{OINRR®, OR®, NRR®, ox0, S(R®, a 4- to 6-membered
heterocyelic ring, and Ci-Cs alkyl optionally substituted with one or more groups sach
independently selected from the group consisting of F, NR*R®, OR®, and C{ONRR®:;

wherein the aryl-heterocyclyl is optionally substituted with one or more groups each
mdependently selected from the group consisting of C1, F, and C1-Cs alkyi that 13
optionally substituted with a group selected from the group consisting of OR°. CI, and

F:
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wherein the arvi-heteroary! is optionally substiiuted with C-Cs alkvl that is optionally

substituted with OR”:

R ig independently H or C1-Cs atkyl;

R® is selected from the group consisting of H, cvelopropyl, and C1-Cs alkyl optionally
substituted with one or more groups selected from the group consisting of NR*R?,
OR’, and halogen;

R7is cveloalkyl optionally substituted with one or more halogens;

p is1-2;

with the proviso that a compound selected from the group consisting of!
(3)-1-{&-fluorochroman-4-y1)-3-( 5-{tetrahvdro-2 H-pyran-d-vhithiazol-2-v1l prea,
I-(chroman-4-y1}-3~(4-cvclobuty lthiazol-Z v urea,
1-{(3R 4R)-3-(hyvdroxymethyDchroman-4-y1)-3-(4-(methoxymethy Lthiazol - 2-vurea,
and
{-{S~cyclopropyithiazol-4-v1}-3-{{3R 4R)-3-(hydroxy methyvchroman-4-vhurea, i3

excluded.

7. The compound according to claim 6, wherein
R? s H;
R s H:
RY is C-R% or §, wherein one R* is C-R° and the other R*is §;
7 is selected from the group consisting of C1-Cs alkyl, € alkene, NR'R®, SR®, C{O)R®,
C{OR", CLOYOR®, CLONRRS, cyclealkyl, heterocyclyl, aryl, heteroaryl, heteroaryl-
cvcloalkvl, and sulfonamide,
whergin the C1-Ca alkyl is optionally substituted with one or more groups each
mdependently selected from the group consisting of cvclopropyl, eyvclobutyl
optionally substituted with one or more F, OR’, halogen, NR'RS, and NH-SO:2R.
wherein cycloalkyl is optionally substituted with one or more groups each independently
selected from the group consisting of F, CH2-OH, CH-G-CH:, and C{OYOR>
wheremn heterocyclyvl optionally contains another hetercatom that1s N or O, and 15
optionally substituted with one or more groups each independently selected from the
group consisting of F, OR®, and Ci alky] optionally substituted with one or more F,
wherein arvl 1s optionally substituted with one or more groups selected from the group

consisting of;
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C1-Ca alky] that is optionally substituted with NR°R®,

halogen,

CN,

OR’,

C{OINRRS,

SRS,

SONRRS,

SONH)R,

S(NRYNH)R,

PORR’, and

S-membered heterocyclic ring optionally contaiming one or roore additional

heteroatoms that is § or N, and 1s optionally substituted with one or more oxo,
wherein heteroaryl is optionally substitated with one or more groups each mndependently

selected from the group consisting of cyclopropyl, evelobutyl optionally substituted

with one or more OH or B, ON, C{OMNRR®, SO-R®, 5 4- to 6-membered heterocyclic

ring, and C;-Cs alkyl optionally substituted with one or more groups each

independently selected from the group consisting of F, NR'R®, and OR:

wherein the aryl-heterocyeivl is optionally substituted with one or more groups each
independently selected from the group consisting of Cl, F, and C1-Ca alkyl that is
optionally substituted with one or more groups selected from the group consisting of
OR’ ClL and F;

wheretn the aryl-heteroary! is optionally substituted with C1-Cs alkyl that s optionally

substituted with OR”;

R is independently H or Cy alkyl;

R® is selected from the group consisting of H, cvelopropvl, and Ci-Cs alky] optionally
substituted with one or more groups selected from the group consisting of NR’R?,
ORS, and halogen;

R7is eyclobutyl optionally substituted with one or yuore halogens; and

p sl

& The compound according to claim 6, wherein:
R s H:
RY s H:
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R4

RS
RS

is C-R° or S, wherein one R* 15 C-R” and the other R*i5 §;

C1-Cs alkyl is optionally substituted with one or more groups each mdependently
selected from the group consisting of cyclopropyl, GR®, halogen, and NR'RE,

1s independently H or Cralkyl,

is selected from the group consisting of H, cyclopropyl. and Ci-Cs alky! optionally
substituted with one or more groups selected from the group consisting of NRR?,
OR’, and halogen: and

is 1.

9. The compound according to claim 1, wherain:

RS

R
R
Z

P

s H:

is H;

is C-R° or S, wherein one R* is C-R% and the other R 18 §;

is aryl substituted with one or more groups selected from the group consisting of)
halogen,

C{ONR R, and

SONRRS;

ts independently H or Cralkyl

is selected from the group consisting of H, cvclopropyl, and C:-Cs alkyl optionally
substituted with one or more groups selected from the group consisting of NRRS,
OR’, and halogen; and

151

. The compound according to claim 1, whersin:

s H;

s H;

is C-R%or §, wherein one R* is C-R® and the other R* 15 §;

heterocyelvt optionally contains another heteroatom that is N or G, and s optionally
substituted with one or more groups each independently selected from the group
consisting of F, OR®, and C; alkyl optionally substituted with one or more ¥,

is independently H or Cy alkyl: and

s i
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11, A compound having the structure of formula ({11}, or a pharmaceutically acceptable salt
thereof,

{dm
wherein:

R* ig C-R’ or 8, wherein one R* is C-R° and the other RV is &

Z s selected from the group consisting of C1-Cs alkyvl, Ci-Cs alkeng, NRRS, SRY,
COIR3, CHOMRT, CLOOR®, CLOINRIR®, cyeloalkyl, heterocyelyl, arv, heteroaryl,
heteroaryi-cycloatkyl, and sulfonanude,

wherein the {-Cs alkyl is optionally substituted with one or more groups each
independently selected from the group consisting of cyvcloalkyl optionally substituied
with one or more halogen, OR’, halogen, NR'R®, and NH-SO:R3,

wherein cycloalkyl is optionally substituted with one or more F. C1-Cs alkyl-OH, Ci-Cs
alkyl-0-C1-Ca alkyl, CHOWOR?,

wherein heterocyclyl optionally contais ancther heteroatom that is N or O, and 13
optionally substitiied with one or more groups cach independently selected from the
group consisting of F, OR®, and Cy alky] optionally substituted with one or more F.

wheretn arvl is optionally substituted with ong or more groups selected from the group
consisting of!

C1-Cs alkyl that is optionally substituted with NR'RE,
halogen,
CN,
OR’,
C{OINRIRS,
SO.RS,
SO2NRRS,
140
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SO(NHIR,
SNRMNH)R,
POWRCR®, and
S-membered heterocyclic nng optionally containing one or more additional
heteroatoms that s § or N, and is optionally subsiituted with one or more oxo,

wherein heteroary] is optionally substituted with one or more groups each imdependently
selected from the group consisting of cyeloalkyl optionally substituted with one or
more OH or F, ON. C{OINR’R®, SR, a 4- 1o G-membered heterocyclic ring, and
Ci-Cs alkyl optionally substituted with one or more groups each independently
selected from the group consisting of F, NRPR®, and OR’;

wherein the aryi-heterocyclyl 1s optionally substituted with one or more groups each
mdependently selected from the group consisting of Cl, ¥, and (1-Cuaalkyl that is
optionally substituted with one or more groups selected from the group consisting of
OR’ (1, and F;

wherein the aryl-heteroary! 1s optionally substituted with C1-Cz alky] that s optionally

substituted with OR’;

RS is independently H or C alkyl

RS is selacted from the group consisting of H. cyclopropyl, and C;-Cs alkyl optionally
substituted with one or more groups selected from the group consisting of NR*R3,
ORS, and halogen;

R71s cveloalkyl optionally substituted with one or more halogens;

with the proviso that a corapound selected from the group consisting of:
(S)-1-(8-fluorochroman-4-v1)-3-(S-{tetrahvdro-2 H-pyran-d-vhithiazol-2-yurea,
1-{chroman-4-y{}-3-{4-cyclobutylthiazoi-2-vijurea,
3R 4R)-3-(hyvdroxymethyDchroman-4-y1)-3-(4-(methosymethy thiazol-2-yThures,
and
1-{S-cyclopropyithiazol-4-v1)-3-{({3R 4R}-3-(hydroxymethvi)chroman-4-vhurea, 18

excluded.

12. The compound according to claim 11, wherein:
R* 1g C-R% or 8, wherein one R is C-R’ and the other R is §:
Z 15 C-Gs alkyl s optionally substituted with one or more groups each independently

selected from the group consisting of cyclopropyl, OR’, halogen, and NRCR®,
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13.

14,

16.

&% is independently H or Cy alkyl: and
R® is selected from the group consisting of H, cvclopropyl, and C:-Ca alkyl optionally
substituted with one or more groups selected from the group consisting of NRR®,

OR’, and halogen.

The compound according to claim 11, wherein:

R? is C-R° or S, wherein one R* i3 C-R° and the other R* i3 §;

Z is NR’RS;

R is independently H or C; alkvl: and

R® is selected from the group consisting of H, cyclopropyl, and C1-Cs alkyl optionally
substituted with one or more groups selected from the group consisting of NRR5,

ORS, and halogen.

The compound according 1o claim L1, wherein:

R* 15 C-R° or S, wherein one R* is C-R° and the other R*i5 §;

7 is CIOINRRS;

RS is independently 1 or Cy alkyl; and

RS is selacted from the group consisting of H. cyclopropyl, and C;-Cs alkyl optionally
substituted with one or more groups selected from the group consisting of NR*R3,

OR®, and halogen.

. The compound according to claim 11, wherein:

R* is C-R7 or 8. wherein one R* is C-R° and the other R* is §:
Z s cveloalkyl is optionally substituted with one or more F; and

R is independently H ot Cralkyl.

The compound aceording to claim 11, wherein:

R? is C-R%or 8, wherein one R* is C-R° and the other R* i3 §;

Z  1s heterocycly] that optionally contains another heteroatom that is N or O, and 13
optionally substituted with one or more groups each independently selected from the
group consisting of F, OR®, and C1 alky] optionally substituted with one or more F:
and

RS is independently H or €y alkyl.
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7. The compound according to claim 11, wherein:

R4
Z

RS

is C-R° or 8, wherein one R*is C-R° and the other R is §;

is aryl that is opiionally substituted with one or more groups selected {rom the group
consisting of:

C1-Ca atkyl that is optionally substituted with NR'R®,

halogen,

CN,

OR’,

C(OINR'R®,

SO2R®,

SONRR®,

SO{NHIR,

S(NRYNH)R,

PCOWRRS, and

S-membered heteracvclic ring optionally containing one or more additional
heteroatoms that i3 § or N, and is optionally substituted with one or more oxo;

1 independently H or €y alkyi: and

is selected from the group consisting of H, cvclopropyl, and C:-Cs alkyl optionally
substituted with one or more groups selected from the group consisting of NRRS,

OR?, and halogen.

18. The compound according to claim 1, wherein:

Ra&
Z

B 3
}R(j

is C-R° or 8, wherein one R* is C-R° and the other RV ig §;

1s heteroarsl that s optionally substituted with one or more groups each mdependently
selected from the group consisting of cyclopropyl. CN, CIOINRR®, SUR®, 2 4- to 6-
membered heterocvclic ring, and Ci-Cs alkyl optionally substituted with one or more
eroups each independently selected from the group consisting of F, NR°RS, and OR®;
is independently H or € alkyl; and

is selected from the group consisting of H, cyclopropyl, and C:-Cs alky1 optionally
substituted with one or more groups selected from the group consisting of NRR?,

OR’, and halogen.

143



WO 2025/019407 PCT/US2024/038000

19. The compound according to claim [, wherein:

R 15 C-R7 or 8. wherein one R* is C-R° and the other R*is §;

Z s arvi-heterocyclvl is optionally substituted with one or more groups each
mndependently selected from the group consisting of Cl, F, and Ci-Ca alkyl that s
optionally substituted with one or more groups selected from the group consisting of
ORS (1 and F; and

R® is independently H or €y alkyl.

20. The compound according to claim 11, wherein:
R* is C-R’ or 8. wherein one R is C-R” and the other R* is S:
Z s aryl-heteroaryl optionally substituted with Ci-Ca alkyl that is optionally
substituted with OR>; and

R® is independently H or €y alkyl

21, A compound, or pharmaceutically acceptable salt thereof, selected from the group

consisting of;
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