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BICYCLIC HETEROARYL SUBSTITUTED COMPOUNDS

CROSS REFERENCE TO RELATED APPLICATIONS
This application is entitled to priority pursuani to 35 U.S.C. §119{e) to U.S.

5 provisional patent application No. 62/362.071, filed July 14, 2016, which is

incorporated herein in its entirety.

FIELD OF THE INVENTION
The present invention generally relates to bicyclic hetercary] substituted
10 compounds useful as imbubitors of platelet aggregation. Provided herein are bicyclic
heteroarvl substitined compounds, compositions comprising such compounds, and
methods of their use. The invention further pertains to pharmaceutical compositions
containing at least one compound according to the mvention that are useful in

preventing or {reating thromboembolic disorders.

pns
(¥4}

BACKGROUND OF THE INVENTION

Thromboembolic diseases remain the leading cause of death in developed
countries despite the availability of anticoagulants such as warfarin (COUMADIN®),
heparin, low molecular weight heparins (LMWH), synthetic pentasaccharides, and

20 antiplatelel agents such as aspirin and clopidogrel (PLAVIX®)

Current anti—platelet therapies have Himtations including increased risk of
bleeding as well as partial efficacy (relative cardiovascular risk reduction in the 20 to
30% range). Thus, discovering and developing safe and efficacious oral or parenteral
antithrormobotics for the prevention and treatment of a wide range of throroboernbolic

25  disorders remains an important goal.

Alpha-thrombin 1s the most potent known activator of platelet ageregation
and degranulation. Activation of platelets is causally involved in atherothrombotic
vascular occlusions. Thrombin activates platelets by cleaving G—-protein couplec
receptors termed protease activated receptors (PARs). PARs provide their own

30 cryptic hgand present in the N—terminal extracelivlar domain that is unmasked by
proteolyiic cleavage, with subsequent intramolecular binding to the receptor fo induce
signaling {tethered ligand mechanisny, Coughlin, S R, Narure, 407:258--264 (2000)}.

Synthetic peptides that mimic the sequence of the newly formed N—terminus upon
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proteolytic activation can induce signaling independent of receptor cleavage.
Platelets are a key plaver in atherothrombotic events. Human platelets express at feast
two thrombin receptors, cornmonly referred to as PARL and PAR4. Indubitors of
PARI have been investigated extensively, and several compounds, including
5 vorapaxar and atopaxar have advanced into late stage clinical trials. Recently, in the

TRACER phase HI trial i ACS patients, vorapaxar did not sigmficantly reduce
cardiovascular events, but significantly increased the risk of major bleeding (Tricoci,
P.etal, N Eng J Med  366(1)20-33 {2012). Thus, there remains a need to discover
new antiplatelet agents with increased efficacy and reduced bleeding side effects.

10 There are several early reports of preclinical studies of PAR4 mhibitors. Lee,
F-Y. etal, "Synthesis of 1-Benzyl-3-(5'-hydroxymethyi-2'-furyljindazole Analogues
as Novel Antiplatelet Agents”, J. Med. Chem., 44(22).3746-3749 (2001) discloses in

the abstract that the compound

COOEt
T
CHs—
—{ Y &

15 "was found to be a selective and potent inhibitor or protease-activated receptor type 4
(PAR4)-dependent platelet activation.” Compound 58 is also referred to as YD-3 in
Wu, C-C. et al, "Selective Inhibition of Protease-activated Receptor 4-dependent
Platelet Activation by YD-3", Thromb. Haemost., 87:1026-1033 (2002}, Also, see
Chen, H.8. et al,, "Synthesis and antiplatelet activity of ethyi
20 4-{1-benzyl-1H-indarol-3-vl)benzoate (Y-3) denvatives", Bioorg Med Chem.,
16:1262-1278 (2003).
EP1166785 Al and EP0667345 disclose various pyvrazole derivatives which
are useful as mhubitors of platelet aggregation.
The PCT publications W 2013/163279, WO 2013/163244, and WO
25 2013/163241 disclose various PAR4 antagonists that are useful as inhibitors of
platelet aggregation.
There still remains a need for compounds useful as mmhibitors of platelet
aggregation.
Applicants have found potent compounds that have activily as PAR4
30 inhubitors. These compounds are provided to be usetul as pharmaceuticals with

3
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desirable potency, stability, bioavailability, therapeutic index, and toxicity values that

are important to their drugability.

SUMMARY OF THE INVENTION

it has been found that bicyclic hetercary] substituted compounds in accordance
with the present invention are PAR4 antagomsts which inhibit platelet aggregation in
gamma-thrombin induced platelet aggregation assays.

The present invention provides compounds of formulas (I) to {(IV)

2
Torner A
RSQNJ/ R® | 7N
R® (1) R® (n
2 2 R?
Ty B
Nz N/ N~ N/
R® (1) R3 v)

or salt, pharmaceutically acceptable sali, sterecisomers, tautomers, or prodrugs
thereof, wherein the vaious moieties are as dsfined herein.
Accordingly, the present invention provides bicyclic heteroaryl substituted

compounds that are PAR4 aniagonisis and are useflul as selective inhibitors of platelet

solvates, or prodrugs thereof,

The present invention also provides processes and intermediates for making
the compounds of the present invention or stereotsomers, tavtomers, pharmaceutically
acceptable salts, solvates, or prodrugs thereof.

The present invention also provides pharmaceutical compositions comprising
a pharmaceutically acceptable carrier and at least one of the compounds of the present
mvention or sterecisomers, tautomers, pharmaceutically acceptable salts, solvates, or
prodrugs thereof.

The present invention also provides a method for the treatment or prophyiaxis
of thromboembolic disorders comprising administering {o a patient in need of such
freatment or prophylasis a therapeutically effective amount of at least one of the
compounds of the present ivention or steresisomers, tautomers, pharmaceutically

3
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acceptable salis, solvates, or prodrugs thereof.

The present invention also provides the compounds of the present invention or
stereoisomers, tautomers, pharmaceutically acceptable salts, solvates, or prodrugs
thereof, for use in therapy.

5 The present invention also provides the use of the compounds of the present
invention or stereoisomers, tautomers, pharmaceutically acceptable salts, solvates, or
prodrugs thereof, for the manufacture of a medicament for the treatment or
prophylaxis of a thromboembolic disorder.

Other features and advantages of the invention will be apparent from the

10 following detaled description and claims.

DETAILED DESCRIPTION
The first aspect of the present invention provides at feast one compound of

Formwlas (I}, (1), (1), or V¥

15
R?), R), K
(I\)\ Nj/R1 (I\)\ N R’
RSN N7 RSN N7
R® ) R® (11
2
(R2), R, N
I/\\ N R xR
| :f i
N AN \? N A7
R an) R3 (V)

or a salt thereof, wherein:
Riis F, Cl, -OH. Ci4 atkvl, Crs fluorocalkyl, Coqalkenyl, Cagalkynyl, Cio
cycloalkvi, Cs7 fluorocyeloalkyi, Cia alkoxy, Cia fluoroalkoxy, Coa hydroxyalkoxy,
20 Csecycloalkoxy, (€13 alkoxy)-<{Cis alkylene), (Cis alkoxy)-{Cis fluorcalkylene),
(C 13 fluoroalkoxy)-(C 13 fluorcalkyvlene), (Cis deuteroalkoxy)-(C1s deuteroalkylene),
(C13 fluorcalkoxy 1-(Ci3 alkylene), {CH2nO{phenvl), {CH22NRR?, -C{OYX{Cis
alkyh), -C(OINRR? -C(O)NRPRP, -NH», -NH(C1 alkyi), -N(Cre alkyly, -NH(Cis
hydroxyalkyl), azetidinyi, pyrrohidinyl, furanvl, pyranyvi, piperidinyl, morpholinyl,
25 mperazinvl, -S{O(Cis alkyl), -S(ORNRRE, C15 alkylthio, or Cs fluorcalkyithio;
Rz, at each occurrence, is independently H, F, Cl, Br, -OH, -CN, Ci4 alkyvi,
4
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Cra fluoroatkyl, Cis hydroxyalkyl, Cis aminoalkyl, Cosalkenvi, Cosalkvnyl, Car
cycloatkvl, Car fluorocyeloalkvl, Cis alkoxy, Crs fluoroalkoxy, Cis alkylthio, Cis
fluorcalkylthio, (Cis alkoxy)-{(C s alkylene), (Cis fluorcalkoxy)-(C i alkylene),
-C{OINH>, -C{O)NH{(C 16 alkyl), -COIN{(Ch6 alkyl}, -C{OYO(Cis alkyl,
C{ONH(CHCH2O(C 13 alkyl)), -C(OINRPR®, -C(O) piperidinyly, -CH{OH} T3
cycloalkyl), -CH{OH) phenyl), -CH{OHXpynidvl), -S{OR(C s alkyvl), -S{ORNR2R?,

Wh

or a cyclic group selected from phenyl, 5- to 6-membered heteroarvi, and 5- to
7-memberad heterocvcelyl, wherein said cvelic group is substituted with zero to 5
substituenis independently selected from F, Cl, hydroxy, Cig alkyl, Crg fluoroalkyl,

10 Cisalkoxy, Cis fluoroalkoxy, cyclopropyl, or -CN;

R?is
N7 NJ\S o o
R5 — R5 R5 — R5
R® o R N O R® o R® N O
N\ / N\ /
N“ “NH "!/ ) N\ N
o O,R5 o N o R® o e N o’R5 - and
\ 7/ \ 7/

RYis H, F, C1, hydroxy, Cia alkyl, Cia fluorcatkyl, Cra hvdroxvalkyl, Cis

alkoxy, Ci3 fluoroalkoxy, Cis alkylthio, cvclopropyl, or -CN;

15 Ring B, along with the two carbon atoms through which it is attached, isa 3
167 membered cvcloalkyl, or a 5 to 7 membered heterocyele having 1 nitrogen,
osygen, or sulphur atom, wherein the cycloalkyl and heterocycle are substituted with
0-4 R

R is H, or C{O)NRRY;
20 R®is H, Cr4 alkyl, phenyl, or a 5 or 6 membered heteroaryl, containing 1 to 3

nitrogen atorns and 0-1 oxygen or sulphur atoms, the phenyl or heteroaryl being
substituted with 0-2 R7, or phenyl substituted with -2 R”;
R7 is ON, hydroxy, NR*R? halogen, Ciualkyl, Crafluoroalkyl, Cia--
hydroxyalkyl, Crahydroxyfluorcalkyl, C{OR2, C{OYORE, CIOINRAR®, S(O)1NR3RS,
25 and S(ORR?, -O-Craalkyl, -S-Craalkyl, -O-Cis-hydroxyalkyl, -O-Cia-anunoalkyl,

5
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~0-Cra-hydroxyfluorcatkyl, O-Crafluoroalkyl, O-POs7?, -Ciaalkyl-0-P0O57,
-Crafluoroalkyl-0-P0s 2, -0-Ciaalkyl-0-PO52, -0-Craflyoroatkyl-O-PO37,
NRH-Cishvdroxyalkyl, or -N(R*-Cishydroxytluoroalkyl,

R®is H. F. Cl, or CH3;

5 RY is H, CN, hydroxyl, Craaltkyl, Crsfluoroalkyl, cyclopropyl, or halogen;

R2is H, or Craalkyl, or Craflooroalkyl;

two R, along with the nitrogen atom to which they are attached, form a 4- to
7-membered heterocvclo ring, having 1 o 2 nitrogen atoms and 0-1 oxygen or sulfur
atoms;

10 Reis H, Craalkyl, or Crshydroxyalkyl;

RYis F, Cl, hydroxy, Cia alkyl, Ciu fluorocalkyl, Cis hydroxvalkyl, Cis
alkoxy, Ci3 fluorcalkoxy, Cis alkvithio, evclopropyi, -ON, C{OR*, C{OYORA,
COINRIRE, SORNRIRS, or S{OpR?; and

nis 1 to3.

15

In a second aspect of the present invention provides at least one compound of
Formulas (I}, (D), (11D, or (1V), salt thereof, wherein
R' is methyl, methoxy, ethoxy, OCHF2, or ~-CH>OCHS:
R2is F, Cl, CN, methyl, hydroxymethvl, methoxy, or difluoromethyl:
20 R’ is
NJ\S NJ\S o
R5 — RS RS
RQQ o R9~<\:</<N of R® o}
RtisHorF;
Ring B, along with the two carbon atoms through which it is attached, is
cyclobutyvl, cvclopentyl, cyclohexvl, or tetrahydrofuranyl, pyvrrolidinyl,
25 tetrahvdropyranyl, or piperadinyl, each of these being substituted with 0-3 RY;
R® is C{O)INHR®;
R® is phenvl, pyridinvl, pvrimidinyl, pyridazinyl, or pyrazinyl, each of these
being substituted with 0-2 R”;
R7is F, C1, CN, hydroxy, Ciaalkyl, Ciafluoroalkyl Crahydroxyalkyl,

30 C{OOR® C{OINRR®, -0-Craalkyl, -8-Craalkyl, -O-Crs-hvdroxvalkyl,
6
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O-Crafluorcalkyl, -O-PO;s, -Craalkyl-0-POs, or -0-Craalkyl-0-POs;
R¥isHorF;
R®is H, F, Cl, CHs, or CHF1;
R*is H, or Craalkyl;
RCis H, Craalkyl, or Cishvdroxvalkyl; and

R9is F, Cia alkyl, C{OYO-Crasalkyl, Cra fluorcalkyl, Crz alkoxy, or Crz

Wh

fluoroalkoxy.

In a third aspect of the present invention provides a compound of Formudas (1),
10 (D), di, or V), or any proceeding aspect, or salt thereof, wherein
R' is methoxy, or ethoxv;

R’ is F, CI, CN, or methyl

R3isg
s s
R5 — R5
R® o R® N O
N\ /
R* o@ o Re o@
15 RtisHorF;

Ring B, along with the two carbon atoms through which it is attached, s a
cyclobutyl, cyclopentyl, or cyclohexvl, each of these being substituted with 0-2 RY;
R is C{ONHR®;
R® is pyridinyl, or pyvrimidinyl, each of these being substituted with 0-2 R7;
20 R7is F, Cl, CN, hydroxy, methyl, CFz, CHF,, CHOH, CH2CH20H,
-OCHCH20H, -OCH;, -OCF; -OCHF:, -CH2CH(CH:)OH, -O-CH2CH(CH3)0H, |
-0-PO37, CH20-POy?, CHoCHR0-PO: 7?2, -OCHCHLO-PO: 7, CHLRCH(CH)0-POs 7,
or -O-CH>CH(CH3)0-P05%,
R¥isHorF;
25 R’ is H; and

R¢1s F, or methyl.

In a fourth aspect of the present invention provides a compound of Formulas

(O, dD, (), or (IV), or any proceeding aspect, or salt thereof, wherein
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in a fifth aspect of the present invention provides a compound of Formula (1),

5 orany proceeding aspect, or salt thereof; wherein

R?),

(|\)\ Nj/R1

RE NN
R® ()

In a sixth aspect of the present invention provides a compound of Formulas

10 (1), or any proceeding aspect, or salt thereof’ wherein the compound of Formula () is:

R2 N. _R’
N 2 1
,j/ R N R R Na R2 N. _R!
e Y y
o
NS R? R N R® N7
5 z 7
R9 O’R N 3 N > N/ S
/R5 9 ’R5 R5
R OQ N - i 4 R® 0
F 4
A ) Y
2 1 2 1
R2 N\ R1 N\j/R R2 N R1 R N\j/R
J J
> ~ 8 P
RS N R® N RIE[N/ R N
N“s N”"s N s N"s
5 ,R5 5 ,RS
RQQ v Rg@ 0 RO Q v RQQ 0
Hooe Fhoe " H e SO
F 0
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R2 N. R
I I T
2
R® N
N7 s
/RE‘
R o]
S5
N\
or R

i

Inn a seventh aspect of the present invention provides a compound of Formulas

{1y, (if), (), or (IV), or anv proceeding aspect, or any of the compounds of the sixth

[

aspect, or salt thereof, wherein
R!is methoxy, or ethoxy:
R?is F, Cl, CN, or methyl;
R*isF;
Ring B, along with the two carbon atoms through which it is attached, is a
10 cyclobutvl, cyclopentyl, or cyclohexyl, each of these being substituted with 0-2 RY,
R is C{O)NHRS;
RY is pyridinyl, or pyrimidinyl, each of these being substituted with 0-2 R”;
R7is F, C1, CN, hydroxy, methyl, CFs, CHF>, CH2OH, CHCHROH,
~OCH2CHOH, ~OCH;, -OCF; -OCHF,, -CHCH(CH)YOH, or -O-CHCH(CH:)OH;
15 R¥is H;
R%is H;
R%is H, methvl. or C{OYO-Craalkyl

In a eigth aspect of the present invention provides a compound of Formulas

20 (O, dh, (), or (IV), or any proceeding aspect, or any of the compounds of the sixth

aspect, or salt thereof; wherein

9
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In a ninth aspect of the present invention provides a compound of Formulas
(5, (), (1}, or IV}, or any proceeding aspect, or any of the compounds of the sixth
aspect, or salt thereof, wherein

R7is F, C1, CN, hydroxy, methyl, CFz, CHF,, CHOH. CH2CHOH,
-OCH2CH2OH, -OCH;, -OCF; -OCHF:, -CH2CH(CH:)0H, or -O-CH2CH({CH3)OH.

Wh

In a tenth aspect of the present invention provides a compound of examples

1-104, or salt thereof.

10 In a eleventh aspect of the present invention provides a compound of Formula
(I}, or any proceeding aspect, or salt thereof;

(R%),

\)\ N\ R’
Yy
R® (1)

R8

In a twelfth aspect of the present invention provides a compound of Formula
15 (Ih, or any proceeding aspect, or salt thereof]
2
2 R
(R%n
\ X

I
RY NP W

R 0y

R'i

In a thirteenth aspect of the present invention provides a compound of
Formmila (II1}, or any proceeding aspect, or salt thereof]

RY), 1
ﬁ\\ N\ R

Y
R3

In a fourteenth aspect of the present invention provides a compound of

(
20 (.

Formula (JV), or any proceeding aspect, or salt thereof]
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2
R), R
ﬁ\\ AN R’
N A\
R3 vy

In a fifteenth aspect of the present invention provides a compound of Formulas
(D, {ID, QI or (IV), or any proceeding aspect, or salt thereof, wherein

5 RBiis

wann Wwann wann

N/*S N)\s o7
RQQ o’R5 Rng o’R5 RS o’R5
N\ /
R4 O@ R* 04@ R4 O@

In a sixieenth aspect of the present invention provides a compound of
Formulas (I3, (1), (i), or (IV}, or any proceeding aspact, or sali thereof, wherein

10 Ris

A A

N- 'S N 'S
9 ’R5 9 T ’Rs
R O R \ /NO

In asevenieenth aspect of the present invention provides a compound of
Formulas (I). (i), (IID), or (1V), or any proceeding aspect, or any of the compounds of
15 the sixth aspect, or salt thereof, wherein
Ring B, along with the two carbon atoms to which it 1s attached, 15 a

cyclobutyl, cyclopentyl, or cyclohexyl, each of which is substituted with 0.2 R¢.

In a eighteenth aspect of the present invention provides a compound of
20 Formulas (I), (D), (01}, or {IV), or any proceeding aspect, or anv of the compounds of
the sixth aspect, or salt thereof, wherein

RS is pyridinyl, or pyrimidinyl, each of which is substituted with 0-2 R,

1
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In a ninetheenth aspect of the present invention provides a compound of
Formulas (1), (6, (ITH, or (IV}, or any proceeding aspect, or any of the compounds of
the sixth aspect, or salt thereof, wherein

RS is pyrimidinyl, which is substituted with 0-2 R’.

Wh

In a twentieth aspect of the present invention provides a compound of
Formwlas (I}, (i1}, (1i), or (1Y), or anv proceeding aspect, or any of the compounds of
the sixth aspect, or sait thereof, wherein

R® is pyridinyl, which is substituted with 0-2 R7,

16

The present invention may be embodied in other specific forms without
15 departing from the spirit or essential attributes thereof. This invention encompasses
all combinations of the aspects and/or embodiments of the invention noted herein. It
1s understood that any and all aspects and/or embodiments of the present invention
may be taken in conjunction with any other aspect and/or embodiment or
embodiments to describe additional embodiments. It 1s also to be understood that
20 each individual element of the embodiments 1s meant to be combined with any and all

other elements from any embodiment to describe an additional embodiment.

DEFINITIONS

The features and advantages of the invention may be more readily understood

|30
(2

by those of ordinary skill in the art upon reading the following detailed description. It
is 1o be appreciated that certain features of the invention that are, for clarity reasons,
described above and below m the context of separate embodiments, may also be
combined to form a single emabodiment. Conversely, various features of the invention
that are, for brevity reasons, described in the context of a single embodiment, may
30 also be combined so as to form sub-combinations thereof. Embodiments wdentified
herein as exemplary or preferred are intended to be illustrative and not limiting,
Unless specifically stated otherwise herein, references made in the singular

may also include the plural. For example, “a” and “an” may refer to either one, or one

12
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of more.

As used herein, the phase “compounds”™ refers {o at feast one compound. For
example, a compound of Formula (1) includes a compound of Formula () and two or
more compounds of Formula (13

Unless otherwise indicated, any hetercatom with unsatisfied valences is
assumed to have hydrogen atoms sufficient {o satisfy the valences.

The definitions set forth herein take precedence over definitions set forth in
any patent, patent apphication, and/or patent application publication incorporated
herein by reference.

Listed below are defimitions of various terms used o describe the present
mvention. These definitions apply to the terms ag they are used throughowt the
specification (uniess they are otherwise himited in specific instances) either
mdividually or as part of alarger group.

Throughout the specification, groups and substituents thereof may be chosen
by one skilled in the field to provide stable moigties and compounds.

In accordance with a convention used in the art,

g_
is used in structural formulas herein to depict the bond that is the point of attachment
of the moiety or substituent to the core or backbone structure.

The terms “halo” and “halogen,” as used heremn, refer to F, €1, Br, and L.

The term “cyano” refers to the group -CN.

The term “amino” refers to the group -NHa.

The term “alkyl” as used herein, refers to both branched and straight-chain
saturated aliphatic hvdrocarbon groups contaming, for example, from 1 to 12 carbon
atoms, from 1 to 6 carbon atoms, and from 1 to 4 carbon atoms. Examples of alkyl
groups include, but are not limited to, methyl (Me), ethyl (Et), propyl {e.g.. n-propyl
and 1-propvl), butyvl {e.g. n-butyl, i-butyl, sec-butyl, and ~-butyl), and pentyl {e.g.,
n-pentyvl, isopentyl, neopentyl), n-hexyl, 2-methyipeniyl, 2-ethvibutyl,
3-methyipentyl, and 4-methyipentyl. When numbers appear in a subscript after the
symbol “C7, the subscript defines with more specificity the number of carbon atoms
that a particular group may contain. For example, “Cia alkyl” denotes straight and
branched chain altkyi groups with one io four carbon atoms.

The term “fluoroalky!” as used herein 1s intended to include both branched and
13
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straight-chain saturaied aliphatic hvdrocarbon groups substituted with one or more
fluorine atomns. For example, “Cig fluorcalkyl” is intended to include Ci, C2, G5, and
Cs alky! groups substituted with one or more fluorine atoms. Representative
examples of fluoroalky! groups include, but are not limited to, -CF; and -CHCFs.

The term “aminoalkyl” as used herein is intended to include both branched
and siraight-chain saturated aliphatic hydrocarbon groups substituted with one or
more amino groups. For example, “Ci4 aminoalkyl” 1s intended to inchade Cy1, Co, Cs,
and C4 alkyl groups substituted with one or more amino groups. Representative
examples of aminocalky! groups include, but are not imited to, -CH2NHz,
SCHrCHNH:, and ~-CHCHONH)CH:.

The term “hydroxyalkyi” includes both branched and straight-chain saturated
alkyl groups substituted with one or more hydroxyl groups. For example,
“hydroxyalkyl” includes -CH20OH, -CH2CH20H, and Cis hvdroxyalkyl

The term “hydroxy-deuteroalkyi” includes both branched and straight-chain
saturated alkyl groups substituted with one or more hydroxyi groups and one or more
deuterium atoms. Representative examples of hydroxy-deutercalkyl groups include,
but are not hted to, -CD20H and -CH(CD: ROH.

The term “hydroxv-fluorcalkyl” includes both branched and straight-chain
saturated alkyl groups substituted with one or more hydroxyl groups and one or more
fluorine atoms. Representative examples of hydroxy-fluorcalky! groups include, but
are not limited to, -CF20H and -CF.CH-OH.

As used herein, “alkvlene” refers 10 a bivalent alkyl radical having the general
formula -(CH2)e-, where nis 1 to 10, Non-limiting examples nclude methylene,
dimethvlene, trimethyvlene, tetramethviene, pentamethvlene, and hexamethylene. For
example, “Cie alkylene” denotes straight and branched chain alkvlene groups with
one to six carbon atoms. Further, for example, “Co. alkylene”™ denotes a bond and
straight and branched chain alkylene groups with one to four carbon atoms.

As used herein, “deuteroalkyiene” refers to an alkviene group in which one or
more hvdrogen atoms have been replaced with deutertum atoms. For example, “Cis
deuteroalkylene” denotes straight and branched chamn deuieroalkylene groups with
one {0 six carbon atoms.

As used herein, “fluoroalkylene” refers to an alkylene group substituted with

one or more fluorine atoms. For example, “Ci6 fluorcalkyvlene” denotes straight and
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branched chain fluoroalkylene groups with one to six carbon atoms.

The term “alkenyl” refers to a siraight or branched chain hydrocarbon radical
containing from 2 to 12 carbon atoms and at least one carbon-carbon double bond.
Exemplary such groups include etheny! or allvl. For example, “Cue alkenyl” denotes
straight and branched chain alkenyl groups with two to six carbon atoms.

The term “alkynyl” refers to a straight or branched chain hvdrocarbon radical
containing from 2 to 12 carbon atoms and at least one carbon to carbon triple bond.
Exemplary such groups include ethynyl. For example, “Cas alkynyl” denotes straight
and branched chan alkyvnvi groups with two o six carbon atoms,

The term “cycloalkyl,” as used herein, refers to a group derived from a
non-aromatic monocyclic or polycyclic hyvdrocarbon molecule by removal of one
hydrogen atom from a saturated ring carbon atom. Representative examples of
cyeloalky! groups include, but are not hmited 1o, cvclopropyl, cyclopentyl, and
cyclohexyl. When numbers appear in a subscript afier the symbol “C”, the subscript
defines with more specificity the number of carbon atoms that a particular cvcloalkyl
group may contain. For example, “Cis cycloalkyl” denotes cvcloalkyl groups with
three to six carbon ators.

The term “fluorocycloalkyt” refers 1o a cycloalkvl group in which one or more
hyvdrogen atoms are replaced by fluoro group(s).

The term “cycloalkylalkyviene™ refers to a cycloalkyl group attached through
an alkylene group to the patent molecular motety. For example, “(Cas
cycloalkyvi}-(Co2 alkylene)” denotes a Cs cycloalkyl group attached through a bond
or a C1.z alkvlene 1o the parent molecular moiety.

The term “alkoxy,” as used herein, refers to an altkyl group attached to the
parent molecular moiety through an oxygen atom, for example, methoxy group
(-OCH;5). For example, “C13 alkoxy” denotes alkoxy groups with one to three carbon
atoms.

The terms “fluorcalkoxy™ and “-O(fluorcalkyl)” represent a fluoroalkyl group
as defined above attached through an oxygen linkage (-O-}. For example, “Ciu
fluoroalkoxy™ is intended to include Ci, Co, Cs, and C4 fluoroalkoxy groups.

The term “hvdroxyalkoxy” represent a hydroxyalkyl group as defined above
attached through an oxygen linkage {(-0-). For example, “Ci4 hydroxyalkoxy™ is

intended to include €1, Co, C3, and Cs hydroxyalkoxy groups.
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The term “cycloalkoxy,” as used herein, refers to a cveloalkyl group attached
to the parent molecular motety through an oxvgen atom, for example, cyclopropoxy
group (-O(cvclopropyl)).

The term “alkoxyalkoxy™ as used herein, refers to an alkoxy group attached
through an alkoxy group io the patent molecular moiety. For example, “(Cis
alkoxy }-{Crs alkoxy)” denotes a Cis alkoxy group attached through a Cis alkoxy
group to the parent molecular moisty.

The term “alkoxvalkviene” as used herain, refers to an alkoxy group attached
through an alkylene group to the patent molecular molety. For examiple, “(C1s
alkoxy}-{C13 alkylene)” denotes a Cis alkoxy group attached through a Ciz alkviene
o the parent molecular moiety.

The term “fluoroalkoxvalkviene™ as used herein, refers to a fluorcalkoxy
group atiached through an alkylene group. For example, “(Ciz fluorcalkoxy)}-{Ci2
alkylene)” denotes a Ci» fluoroalkoxy group attached through a Cio alkyiene to the
parert molecular moiety.

The term “alkoxy-fluoroalkylene” as used herein, refers {o an alkoxy group
attached through a fluoroalkylene group to the patent molecular motety. For example,
s alkoxv)-{C 3 fluoroalkyleney” denotes a Cis alkoxy group attached through a
Cis Huorcalkylene to the parent molecular moiety.

The term “deutercalkoxy-deuteroalkylene™ as used herein, refers (o a
deutercalkoxy group attached through a deuteroalkylene group to the patent molecular
motety. For example, “{C15 deuteroalkoxy }-(C 13 dewteroalkylene)” denotes a €13
deuteroalkoxy group attached through a Cis dewteroalkylene (o the parent molecular
moiety.

The term “alkylthio.” as used herain, refers to an alkvl group attached to the
parent molecular moiety through a sulfur atom, for example, methvlihio group
(-8CH:s). For example, “Cis alkylthio” denotes alkylthio groups with one to three
carbon atoms.

The term “aryl,” as used herein, refers {o a group of atoms derived from a
molecule contaiming aromatic ring{s) by removing one hydrogen that is bonded {o the
aromatic ring(s). Representative examples of arvl groups include, but are not linuted
to, phenvl, naphthyl, indanyl, indeny!, and 12,3 4-tetrahydronaphth-3-y1. The arvl

ring may be unsubstituted or may contain one or more substituents as valence allows.
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The term “benzyvl,” as used herein, refers to a methvl group in which one of
the hydrogen atoms is replaced by a phenyi group. The phenyl ring may be
unsubstituted or may contain one or more substituents as valence allows.

The term “aryloxy,” as used herein, refers to an aryl group attached through an

5 oxvgen group.

The term “phenoxy,” as used herein, refers to a phenyl group attached through
an oxygen group (-O-phenyl). The phenyl ring may be wnsubstituted or may contain
one or more substituents as valence allows.

The term “heteroatom” refers to oxygen (O), sulfur {8), and nitrogen (N},

10 The term “heterocyclo™ or “heterocyclyl” may be used interchangeablv and
refer to non-aromatic 3- to 7-membered monocyclic groups and 6-to 11-membered
bicyclic groups, in which at least one of the rings has at least one heteroatom {0, S or
N}, said heteroatom containing ring preferably having 1 to 3 heteroatoms

independently selected from O, S, and/or N. Each ring of such a group containing a

i
(¥4}

heteroatom can contain one or two oxygen or sulfur atoms and/or from one to four
nitrogen atoms provided that the total number of heteroatoms in each ring 1s four or
less, and further provided that the ring contains at least one carbon atom. The
nitrogen and sulfur atoms may optionally be oxidized and the nitrogen atoms may
optionally be quaternized. The fused rings completing the bicvclic group may contain
20 only carbon atoms and may be saturated, partially saturated, or unsaturated. The
heterocvclo group may be attached at any available nitrogen or carboun atom. The
heterocvclo ring may be unsubstituted or may contain one or more substituents as
valence allows,

Exemplary monocyclic heterocyclvl groups include oxetanyl, azetidinyl,

[30]
[

pyrrolidinyl, inudazolinyl, oxazolidinyl, isoxazolinyl, thiazolidinyl, isothiazolidinyi,
tetrahydrofuranyl, piperidinyl, piperazinyl, 2-oxopiperazinvi, 2-oxopiperidinyi,
2-oxopyrrolodinyl, Z-oxoazepinyl, azepinyi, 4-piperidonyl, tetrahvdropyranyl,
morpholinyl, thiamorpholhinyl, thiamorpholiny! sulfoxide, thiamorpholinyl sulfone,
1,3-dioxolane, and tetrahvdro-1,1-dioxothienvl Exemplary bicyclic heterocyclo
30 groups inchide quinuclidiny].

The term “heteroaryl” refers to substituted and unsubstituted aromatic 5- or
6-membered monocyclic groups and 9- or 10-membered bicyclic groups which have

at least one heteroatom (O, 5 or N) in at least one of the rings, said
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heteroatom-containing ring preferably having 1, 2, or 3 heteroatoms independently
selected from O, 8, and/or N. Each ring of the heteroaryl group containing a
heteroatom can contain one or twa oxygen or sulfur atoms and/or from one to four
nitrogen atoms provided that the total number of heteroatoms in each ring is four or
less and each ring has at least one carbon atom. The fused rings completing the
bicyclic group may coniain only carbon atoms and may be saturated, partially
saturated, or unsaturated. The nitrogen and sulfur atoms may optionally be oxidized
and the nitrogen atoms may optionally be quaternized. Heleroaryl groups which are
bicyclic or tricvclic must include at least one fully aromatic ring but the other fused
ring or rings may be aromatic or non-aromatic. The heteroarvl group may be attached
at any available nitrogen or carbon atom of any ring. The hetercary! ring svstem may
be unsubstituted or may contain one or more substituents.

Exermplary monocyclic heteroary] groups include pyrrolvl, pyrazolyl,
pyrazolinyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl, thiadiazolyl, isothiazolvi,
furanvl, thiophenyl, oxadiazolyl, pyridinvl, pyrazinyl, pyninmudinyl, pyridazinyl, and
triazinyl.

Exemplary bicychic heteroarvl groups include indolyl, benzothiazolvl,
benzodioxolyl, benzoxazolyl, benzothienyl, quinolinyl, tetrahydroisoquinolinyl,
isoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyl, benzofuranvl, chromonyi,
coumarinyl, benzopvranyl, cinnolinyl, quinoxalinyl, indazolyl, pyvrrolopyridyl,
furopyridyl, dihydroisoindolyl, and tetrahvdroquinolinyl.

The term “heteroarvioxy,” as used herein, refers to a heteroary! group attached
through an oxygen group to the patent molecolar moiety.

The term “arvlalkylene” refers to an arvl group attached through an alkylene
group to the patent molecular motety. For example, “aryl(Ci2 alkyleney” refers to an
aryl group attached through a Ci.z alkylene to the parent molecular moiety.

The term “hetercarylalkylene™ refers to a heteroaryl group attached through an
alkylene group to the patent molecular motety. For example, “heteroaryl{Ci2
alkylene)” refers to a heteroarvl group attached through a Ci2 alkylene to the parent
molecular moiety.

The term “arvloxvalkylene” refers to an arvloxy group attached through an
alkylene group to the patent molecular moiety. For example, “arvioxy-(Ci2

alkylene)” refers to an arvioxy group attached through a C12 alkylene to the parent
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molecular moiety.

The term “hetercarvioxyalkviene” refers to a heteroarvloxy group attached
through an alkylene group to the patent molecular moiety. For exaruple,
“heteroarviony-{Ci2 alkvlene)” refers to a heteroaryloxy group attached through a
Ci2 alkviene to the parent molecular moiety.

The cornpounds of the present invention can be provided as amorphous sohids
or crystailine solids. Lyophilization can be emploved to provide the compounds as
amorphous solids.

It should further be understood that solvates {e.g., hyvdrates) of the Compounds
of the invention are also within the scope of the present invention. The term “solvate”
means a physical agsociation of a compound of Formulas (1) to (IV) with one or more
solvent molecules, whether organic or inorganic. This physical association includes
hydrogen bonding. In certain instances the solvate will be capable of 1solation, for
example when one or more solvent molecules are incorporated in the crystal lattice of
the crystalline solid. “Solvate” encompasses both solution-phase and isolable
solvates. Exemplary solvates include hydrates, ethanolates, methanolates,
isopropanolates, acetonitrile solvates, and ethyl acetate solvates. Methods of
solvation are known in the art.

In addition, compounds of Formulas (I} to (IV) , subsequent to their
preparation, can be isolated and purified to obtain 3 composition contamning an
amount by weight equal to or greater than 99% of a compound of Formulas (I} o (V)
(“substantially pure™), which is then used or formulated as described herein. Such
“substantially pure” compounds of Fornudas (1) to (IV) are also contemplated herein
as part of the present invention.

The phrase "pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compositions, and/or dosage forms that are, within the scope
of sound medical judgment, suitable for use in contact with the tissues of human
beings and animals without excessive toxicity, irritation, allergic response, and/or
other problem or complication, commensurate with a reasonable benefit/risk ratio.

Compounds of Formulas (I} to (V) may be an acid or base salt thereof. As
used herein, "pharmaceutically acceptable salts” refer to derivatives of the disclosed
compounds wherein the parent compound is modified by making acid or base salts

thereof. Examples of pharmaceutically acceptable salts include, but are not imited to,
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mineral or organic acid salts of basic groups such as amines; and alkali or organic
salts of acidic groups such as carboxylic acids. The pharmaceutically acceptable salts
melude the conventional non-toxic salts or the quaternary aromonium salts of the
parent compound formed, for example, from non-toxic inorganic or organic acids.
For example, such conventional non-toxic salts include those derived from morganic
acids such as hydrochlorie, hydrobromic, sulfuric, sulfamic, phosphoric, and nitrig;
and the salts prepared from organic acids such as acetic, propionic, succinic, glvcolic,
stearic, lactic, malic, tartaric, citric, ascorbic, pamoic, maleic, hydroxymaleic,
phenvlacetic, ghutamic, benzoic, salicvlic, sulfamilic, 2-acetoxybenzoic, fumaric,
toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic, and isethiomc, and the
like. Other non pharmaceutically acceptable salt forms may be utilized in the
preparation and/or purification of the compounds.

The salts and pharmaceutically accepiable salts of the present invention can be
svnthesized from the parent compound that contains a basic or acidic moiety by
conventional chemical methods. Generally, such salis can be prepared by reacting the
free acid or base forms of these compounds with a stoichiometric amount of the
appropriate base or acid in water or in an organic solvent, or in a mixture of the two;
generally. nonaqueous media like ether, ethvl acetate, ethanol, 1sopropanol, or
acetonitrile are preferred. Lists of suitable salts are found in Allen, LV, Jr., ed.,
Remington: The Science and Practice of Pharmacy, 22nd Edition, Pharmaceutical

Press, London, UK (2012), the disclosure of which is hereby incorporated by
reference.

“Stable compound™ and “stable structure” are meant to idicate a compound
that 1s sufficiently robust to survive isolation to a useful degree of purty froma
reaction mixture, and formulation into an efficacious therapeutic agent. The present
invention is intended to embody stable compounds.

The cormpounds of the present invention are intended to include all isotopes of
atoms occurring in the present compounds. Isotopes mclude those atoms having the
same atomic number but different mass numbers. By way of general example and
without limitation, isotopes of hydrogen include deuterium (D) and iritium {T).
Isotopes of carbon include PC and ¥C. Isotopically-labeled compounds of the

invention can generally be prepared by conventional technigues known to those

skitled in the art or by processes analogous to those described herein, using an
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approprnate isotopically-labeled reagent in place of the non-labeled reagent otherwise
employed. For example, methyl (-CHs) also includes deuterated methyl groups such

as -CI3s.

Wh

BIOLOGY
The term "PAR4 antagonist” denotes an inhubitor of platelet aggregation
which binds PAR4 and inhibits PAR4 cleavage and/or signaling. Typically, PAR4
activity is reduced in a dose dependent manner by at least 10%, 20%, 30%, 40%,
509%, 60%, 70%, 80%, 90%, or 100% compared to such activity in a control cell. The
10 control cell is a cell that has not been treated with the compound. PAR4 activity is
determined by any standard method inn the art, including those described herein (for
example calcium mobilization in PAR4 expressing cells, platelet aggregation, platelet
activation assavs measuring e.g., calenum mobilization, P-selectin or CD40L release,
or thrombosis and hemostasis models). In certain embodiments, platelet activation i
15 measured bv changes in the platelet cyioplasm, by changes of the platelet membrane, by
changes in the levels of analytes released by platelets, by the changes in the morphology
of the platelet, by the ability of platelets to form thrombi or platelet aggregates in flowing
or stirred whole blood, by the abilily of platelels to adhere to a static surface which ig
derivatized with relevant ligands (e.g., von Willebrand Factor, collagen, fibrinogen, other
20 extracellular matnx proteins, synthetic fragments of any of the proteins, or any
combination thergof}, by changes in the shape of the platelets, or any combmations
thereof. In onc embodiment, platelet activation 1s measured by changes in the fevels of
one or more analytes released by platelets. For example, the one or more analytes

released by platelets can be P-selectin {CD62p), CD63, ATP, or any combination thereof

[\
(9

In a particular embodiment, platelet activation ts measured by the level of binding of
fibrinogen or GPIIbiila antibodies to platelets. In other embodiments, platelet activation
is measwred by the degree of phosphorylation of vasodilator-stimnidated phosphoprotein
{(VASP) upon platelet activation. In vet other embodiments, platelet activation is
measured by the level of platelet—{eukocyie aggregaics. In certain embodiments, platelet
30 activation is measwred by protcomics profiling. The term "PAR4 antagornist” also
includes a compound that inhibits both PAR] and PAR4.

Preferably, compounds of the mvention have ITsos in the PAR4 FLIPR Assay
(described hereinafter) of about 10 uM, preferably 1 uM or less, more preferably 100
oM or less, and even more preferably 10 nM or less. PAR4 FLIPR assay data for
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compounds of the present invention is presented in the Table,

In some embodiments, the present invention provides a pharmaceutical
composttion, which includes a pharmaceutically acceptable carmer and a
therapeutically effective amount of a compound of Formula I- 1o {1V}, preferably, a
compound selected from one of the examples, more preferably, Examples 1 to 104, or
stereoisomers, lautomers, pharmaceutically acceptable salts, or solvates thereof, alone
or in combination with another therapeutic agent.

In some embodiments, the present invention provides a pharmaceutical
composttion which further includes another therapeutic agent(s). In a preferred
embodiment, the present invention provides a pharmaceutical composition, wherein
the additional therapeutic agent(s) are an anti-platelet agent or a combination thereof.
Preferably, the anti-platelet agent(s) are P2Y 12 antagonists and/or aspirin. Preferably,
the P2Y 12 antagonists are clopidogrel, ticagrelor, or prasugrel. In another preferred
embodiment, the present mmvention provides a pharmaceutical composition, wherain
the additional therapeutic ageni(s) are an anticoagulant or a combination thereof
Preferably, the anticoagulant agent(s) are a FXa inhibttor, a thrombin inhibitor, or a
FXla nhibitor. Preferably, the FXa inhubitors are apixaban, rivaroxaban, or
edoxaban. Preferably, the thrombin inhibitor is dabigatran.

it is desirable to find compounds with advaniageous and improved
characteristics compared with known anti-platelet agents, in one or more of the
following categories that are given as examples, and are not intended to be linuting:
{a} pharmacokinetic properties, inchuding oral bioavailability, half life, and clearance;
{b) pharmaceutical properties; (¢} dosage requivements; {d) factors that decrease blood
concentration peak-to-trough charactenistics; {e) factors that increase the
concentration of active drug at the receptor; (f) factors that decrease the hability for
clinteal drug-drug interactions; {g) factors that decrease the potential for adverse
side-effects, including selectivity versus other biological targets; {(h} improved
therapeutic index with less propensity for bleeding; and (h) factors that improve
manufacturing costs or feasibility.

As used herein, the term "patient” encompasses all mammalian species.

As used herein, the term "subject” refers to any human or nonhuman organism
that could potentially benefit from treatment with a PAR4 antagonist. Exemplary

subjects include human beings of any age with risk factors for cardiovascular disease,
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or patients that have already experienced one episode of cardiovascular disease.
Common risk factors include, but are not limited to, age, male sex, hyperiension,
smoking or smoking history, elevation of triglveerides, elevation of total cholesterol
or LDL cholesterol.

in some embodiments, the subject is a species having a dual PARI/PAR4
platelet receptor repertoire.  As used herein, the term "dual PARI/PAR4 platelet
receptor repeartoire” means that a subject expresses PART and PARA in platelets or
their precursors. Exemplary subjects having a dual PAR1/PAR4 platelet receptor
repertoire mclude human beings, non-human primates, and guinea pigs.

In other embodiments, the subject 15 a species having a dual PAR3/PAR4S
platelet receptor repertoire. As used herein, the term "dual PAR3/PARA platelet
receptor repertoire” means that a subject expresses PAR3 and PARA4 in platelets or
their precursors. Exemplary subjects having a dual PAR3/PAR4 platelet receplor
repertoire include rodents and rabbits.

As used herein, "ireating” or "treatment” cover the treatment of a disease-state
in a mammal, particularly in a hurnan, and include; (a) inhibiting the disease-state,
i.e., arresting its development; and/or (b) relieving the disease-state, i.e., causing
regression of the disease state.

As used herein, "prophylaxis” or "prevention” cover the preventive treatment
of a subchnical disease-state in a mammal, particularly in a human, aimed at reducing
the probahility of the occurrence of a chinical disease-state. Patients are selected for
preventative therapy based on factors that are known to increase risk of suffering a
clinical disease state compared to the general population. "Prophylaxis” therapies can
be divided into {a) primary prevention and (b) secondary prevention. Prmary
prevention is defined as treatment in a subject that has not vet presented with a
clinical disease state, whereas secondary prevention is defined as preventing a second
occurrence of the same or simalar climical disease state.

As used herein, "risk reduction” covers therapies that lower the incidence of
development of a clinical disease state. As such. primary and secondary prevention
therapies are examples of risk reduction.

"Therapeutically effective amount” 15 intended to mclude an amount of a
compound of the present invention that is effective when administered alone or in

combination o inhibit and/or antagonize PAR4 and/or to prevent or treat the disorders
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listed herein. When applied to a combination, the term refers to combined amounts of
the active ingredients that result in the preventive or therapeutic effect, whether
administered in combination, senally, or simultaneously.

The term "thrombosis”, as used herein, refers o formation or presence of a
thrombus (pl. thrombi} within a blood vessel that may cause ischemia or infarction of
fissues supplied by the vessel. The term "embolism”, as used herein, refers to sudden
blocking of an artery by a clot or foreign material that has been brought to its site of
fodgment by the blood current. The term "thromboembolism”, as used herein, refers
to obstruction of a blood vessel with thrombotic material carried by the blood stream
from the site of origin to plug another vessel. The term "thromboembolic disorders”
entails both "thrombotic" and "embolic” disorders (defined above).

The term "thromboembolic disorders” as used herein includes arterial
cardiovascular thromboembolic disorders, venous cardiovascular or cerebrovascular
thromboembolic disorders, and thromboembolic disorders in the chambers of the
heart or in the peripheral circulation. The term "thromboembolic disorders” as used
herein also includes specific disorders selected from, but not imited to, unstable
angina or other acute coronary syndrores, atrial fibrillation, first or recurrent
myocardial infarction, ischemic sudden death, transient ischenuc attack, siroke,
atherosclerosis, peripheral occlusive arterial disease, venous thrombosis, deep vein
thrombosis, thrombophlebitis, arterial embolism, coronary arferial thrombosis,
cerebral arterial thrombosis, cerebral embolism, kidoney embolism, pulmonary
embolism, and thrombosis resuiting from medical implants, devices, or procedures in
which blood is exposed to an artificial surface that promotes thrombosis. The medical
implants or devices include, but are not lirnited to: prosthetic valves, artificial valves,
mndwelling catheters, stents, blood oxygenators, shunts, vascular access ports,
ventricular assist devices and artificial hearts or heart chambers, and vessel grafts.
The procedures include, but are not Hmited to: cardiopulmonary bypass, percutanecus
coronary miervention, and hemodialysis. In another embodiment, the term
"thromboembolic disorders” includes acute coronary syndrome, siroke, deep vein
thrombosis, and pulmonary embolism.

In another embodiment, the present invention provides a method for the
treatment of a thromboembolic disorder, wherein the thromboembaolic disorder is

selected from unstable angina, an acute coronary syndrome, atrial fibnillation,
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myocardial infarction, transient ischemic attack, stroke, atherosclerosis, peripheral
occlusive arterial disease, venous thrombosis, deep vein thrombosis,
thrombophlebitis, arterial embolism, coronary arterial throrobosis, cercbral arterial
thrombosis, cerebral embolism, kidney embolism, pulmonary embolism, and
thrombosis resuiting from medical implants, devices, or procedures in which blood is
exposed to an artificial surface that promotes thrombosis. Tn another embodiment, the
present invention provides a method for the treatment of a thromboembolic disorder,
wherein the thromboembolic disorder is selected from acuie coronary syndrome,
stroke, venous thrombosis, atrial fibrillation, and thrombosis resulting from medical
implants and devices.

Inn another embodiment, the present invention provides a method for the
primary prophvlaxis of a thromboembolic disorder, wherein the thromboembolic
disorder s selected from unstable angina, an acute coronary syndrome, atrial
fibrillation, myocardial infarction, ischemic sudden death, fransient ischemic attack,
stroke, atherosclerosis, peripheral occlusive arterial disease, venous thrombosis, deep
vein thrombosis, thrombophlebitis, arterial embolism, coronary artenal thrombosis,
cerchbral arterial thrombaosis, cerebral embolism, kidney embolism, pulmonary
embolismy, and thrombosis resulting from medical implants, devices, or procedures in
which blood s exposed to an artificial surface that promotes thrombosis. In another
embodiment, the present invention provides a method for the primary prophyvlaxis of a
thromboembolic disorder, wherein the thromboembolic disorder is selected from
acute coronary syndrome, stroke, venous thrombosis, and thrombosis resulting from
medical implants and devices.

In another embodiment, the present invention provides a method for the
secondary prophylaxis of a thromboembolic disorder, wherein the thromboembaolic
disorder is selected from unstable angina, an acute coronary syndrome, atrial
fibrillation, recurrent myocardial infarction, transient ischemic attack, stroke,
atherosclerosis, peripheral occlusive arterial disease, venous thrombaosis, deep vein
thrombosis, thrombophlebitis, arterial embolism, coronary arterial thrombosis,
cerebral arterial thrombostis, cerebral embolism, kidney embolism, pulmonary
embolism, and thrombosis resulting from medical implants, devices, or procedures in
which blood is exposed to an artificial surface that promotes thrombosis. In another

embodiment, the present invention provides a method for the secondary prophylaxis
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of a thromboembolic disorder, wherein the thromboembolic disorder is selected from
acute coronary syndrorne, stroke, atrial fibrillation and venous thrombosis.

The term "stroke", as used herein, refers to embolic stroke or atherothrombotic
stroke arising from occlusive thrombosis in the carotid communis, carotid interna, or
iniracerebral arteries.

It 1s noted that thrombosis includes vessel occlusion {e.g., alfier a bypass) and
reocclusion {(e.g., during or after percutaneous transluminal coronary angioplasty ).
The thromboembolic disorders may result from conditions including but not limited to
atherosclerosis, surgery or surgical complications, prolonged rmmobilization, arterial
fibrillation, congenttal thrombophiha, cancer, diabetes, effects of medications or
hormones, and complications of pregnancy.

Thromboembolic disorders are frequently associated with patients with
atherosclerosis. Risk factors for atherosclerosis mnclude but are not himited to male
gender, age, hypertension, lipid disorders, and diabetes mellitus. Risk factors for
atherosclerosis are at the same time risk factors for complications of atherosclerosis,
i.e., thromboembolic disorders.

Sumilarly, arterial fibrillation 1s frequently associated with thromboermbolic
disorders. Rusk factors for arterial fibrillation and subsequent thromboembolic
disorders include cardiovascular disease, rheumatic heart disease, nonrheumatic mitral
valve disease, hypertensive cardiovascular disease, chronic lung disease, and a variety
of miscellaneous cardiac abnormalities as well ag thyrotoxicosis.

Diabetes mellitus is frequently associated with atherosclerosis and
thromboembolic disorders. Risk factors for the more common type 2 imclude but are
not Himnited to famaly history, obesity, physical mactivity, race / ethnicity, previously
impaired fasting glucose or glucose tolerance test, history of gestational diabetes
mellitus or debivery of a "big baby", hypertension, low HDL cholesterol, and
polyeystic ovary svadrome.

Thrombosis has been associated with a varisty of tumor types, €.g., pancreatic
cancer, breast cancer, brain tumors, lung cancer, ovarian cancer, prostate cancer,
gastrointestinal malignancies, and Hodgkins or non-Hodghins lymphoma. Recent
studies suggest that the frequency of cancer in patients with thrombosis reflects the
frequency of a particular cancer tvpe in the general population. (Levitan, N. et al

Medicine {Baltimore), 78(5)285-201 {1999}, Levine M. etal., N Fngl J Med .
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334{11):677-681 (1996} Blom, ] W. et al., JAMA, 293(6).715-722 {2005}.) Hence,
the most common cancers associated with thrombosis in men are prostate, colorectal,
brain, and lung cancer, and in woroen are breast, ovary, and lung cancer. The
observed rate of venous thromboembolism (VTE) in cancer patients is significant.
The varying rates of VTE between different tumor types are most likely related to the
selection of the patient population. Cancer patients at risk for thrombosis may possess
any or all of the following risk factors: (1) the stage of the cancer (i.e., presence of
metastases), (ii) the presence of central vein catheters, {iti) surgery and anticance
therapies including chemotherapy, and (iv) hormones and antiangiogenic drugs.
Thus, it 1s commmon clinical practice to dose patients having advanced tumors with
heparin or low molecular hepann to prevent thromboembolic disorders. A number of
low molecular weight heparin preparations have been approved by the FDA for these
indications.

The term "pharmaceutical composition,” as used herein, means any
composition, which contains at least one therapeutically or biplogically active agent
and 1s suitable for administration {0 the patient. Any of these formudations can be
prepared by well-known and accepted methods of the art. See, for example, Gennaro,
AR ed., Remington: The Science and Practice of Pharmacy, 20th Edition, Mack
Publishing Co., Easion, Pa. (2000}

The invention inchudes admimstering to a subject a pharmaceutical
composition that includes a compound that binds to PAR4 and mnhibits PAR4
cleavage and/or signaling {referred to herein as a "PAR4 antagonist” or "therapeutic
compound").

The pharmaceutical composition is administered using methods known 1o the
art. Preferably, the compound is adnmunistered orally, rectally, nasally, by inhalation,
topically or parenterally, e.g., subcuaneously, intraperitoneally, intramuscularly, and
intravenously. The compound is optionally formulated as a component of a cocktail
of therapeutic drugs to treat a thromboembolic disorder. In one embodiment, the
pharmaceutical composition is administerad orally.

The therapeutic compounds described herein are formulated into
pharmaceutical compositions utilizing conventional methods. For example, a PAR4
antagonist is formulated in a capsule or a tablet for oral admunistration. Capsules may

contain any standard pharmaceutically acceptable materials such as gelatin or
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cellulose. Tablets may be formulated in accordance with conventional procedures by
compressing mixtures of a therapeutic compound with a solid carrier and a lubricant.
Examples of solid carriers include starch and sugar bentonite. The compound is
administered in the form of a hard shell tablet or a capsule containing a binder, e.g.,
lactose or mannitol, a conventional filler, and a tableting agent. Other formulations
inchude an ointment, suppository, paste, spray, patch, cream, gel, resorbable sponge,
or foam. Such formulations are produced using methods well known in the art. The
compositions of the mvention are also useful for parenteral administration, such as
intravenous, subcutaneous, intramuscilar, and intraperitoneal. Examples of
formulations suitable for parenteral admimistration include agueous solutions of the
active agent in an isotonic saline solution, a 5% glucose solwion, or another standard
pharmaceutically acceptable excipient. Standard solubilizing agents such as PVP or
cyclodextring are also utilized as pharmaceutical excipients for delivery of the
therapeutic compounds.

The preferred dose of the PAR4 antagonist is a biologically active dose. A
biologically active dose is a dose that will inhibit cleavage and / or signaling of PAR4
and have an anti-thrombotic effect. Desirably, the PAR4 antagonist has the ability to
reduce the activity of PAR4S by at least 5%, 10%. 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, 100%, or more than 100% below untreaied control levels. The levels of
PAR4 in platelets is measured by any method known in the art, including, for
example, receptor binding assav, platelet aggregation, platelet activation assays {e.g.,
p-selectin expression by FACS), Western blot or ELISA analysis using PAR4
cleavage sensiiive antibodies. Altemnatively, the biological activity of PAR4 15
measured by assessing cellular signaling elicited by PAR4 (e.g., calcium mobilization
or other second messenger assavs).

In some embodiments, a therapeutically effective amount of a PAR4
compound is preferably {rom about ess than 100 mg/ke, 50 mg/kg, 10 mg/kg, 5
mg/kg, 1 mg/kg, or less than | mg/kg. In a more preferred embodiment, the
therapeutically effective amount of the PAR4 compound is fess than Smg/kg Ina
most preferred embodiment, the therapeutically effective amount of the PAR4
compound 1s less than 1 mg/kg. Effective doses vary, as recognized by those skilled
in the art, depending on route of administration and excipient usage.

The activity of the PAR4 antagonists of the present invention can be measured
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in a variety of in vifro assays. Exemplary assays are shown below.

The Fluorometric Imaging Plate Reader (FLIPR) assay is an exemplary in
vitro assay for measuring the activity of the PAR4 antagorusts of the present
invention. In this assay, intracellular calcium mobilization is induced in PAR4
expressing cells by a PAR4 agonist and calcium mobilization is monitored.

AYPGETF 1s a known PAR4 agomist. An alternative PAR4 agonist is
H-Ala-Phe(4-F}-Pro-Gly-Trp-Leu-Val-Lys-Asn-Gly-NHz. As shown in Exanple B
of WO2013/163279, H-Ala-Phe(4-F)-Pro-Gly-Trp-Leu-Val-Lys-Asn-Gly-NH» was
validated as a PAR4 agonist in the FLIPR assay. A side-by-side comparison of the
ICso values of ~180 compounds were performed using AYPGKF versus
H-Ala-Phe{4-F)-Pro-Gly-Trp-Leu-Val-Lvs-Asn-Gly-NH:. The results demonstrated a
strong correlation between the two assavs. Additionally,
H-Ala-Phe(4-F)-Pro-Gly-Trp-Leu-Val-Lys-Asn-Glv-NH:z has improved agonist
activity as compared to AYPGKF with an ECso that 1s 10 fold lower than the ECso for
AYPGKF in the FLIPR assay.

H-Ala-Phe(4-F)-Pro-Gly-Trp-Leu-Val-Lys-Asn-Gly -NH2 can be synthesized using
methods well known to those of skill in the art.

The FLIPR assay can also be used as a counterscraen to fest agonist activily or
PARI antagonist activity in a cell line that expresses both PAR] and PAR4. The
PAR1 antagonist activity can be tested by the ability of the compound to inhibit
calcium mobilization induced by the PAR1 agonist peptide SFLLRN or other PAR1
agonist peptides.

The compounds of the current invention can be tested in vifro for their ability
to intubit platelet aggregation induced by ganwna-thrombin as shown below.
Gamma-thrombin, a proteolyvtic product of alpha-thrombin which no longer interacis
with PARI, selectively cleaves and activates PAR4 (Soslau, G. et al., "Unique
pathway of thrombin-induced platelet aggregation mediated by glycoprotein Ib", J
Biol Chem., 276:21173-21183 (2001)). Platelet aggregation can be monitored in a
96-well microplate aggregation assay format or using standard platelet aggregometer.

pet

The aggregation assay can also be emploved 1o test the selectivity of the compound
for inhibiting platelet aggregation induced by PAR4 agornist peptides, PAR1 agonist
peptide, ADP, or thromboxane analogue U46619,

The compounds of the current invention can be tested in virro for their ability
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to inhibit platelet aggregation induced by alpha-thrombin as shown below.
Alpha-thrombin activates both PART and PAR4. The abihity of a selective PAR4
antagonist of the present mvention to intubit platelet aggregation can be measured
using a standard optical aggregometer.

The compounds of the current invention can be tested iz vifro for their ability
o inhibit platelet aggregation induced by tissue factor as shown below.. The
conditions in this agsay mimic the physiological events during thrombus formation.
I this assay, platelet aggregation in human platelet rich plasma (PRP} 1s initiated by
the addition of tissue factor and CaCla. Tissue factor, the initiator of the extrinsic
coagulation cascade, 1s hughly elevated in human atherosclerotic plagque. Exposure of
blood to tissue factor at the atherosclerotic site triggers a robust generation of
thrombin and induces the formation of obstructive thrombi.

The activity of the PAR4 antagomsts of the present invention can also be
measured in a variety of /7 vivo assavs. Exemplary mammals that can provide models
of thrombosis and hemostasis to test the effectiveness of the PAR4 antagonists of the
present invention as antithrombotic agents include, but are not limited to, guimea pigs
and poimates. Relevant efficacy models include, but are not himited to,
electrically-induced carotid arterial thrombosis, FeCls-induced carotid artery
thrombosis and arteriovenous-shunt thrombosis. Models of kidney bleeding time,
renal bleeding time and other bleeding time measurements can be used to assess the

bleeding risk of the antithrombotic agents described in the current invention.

ASSAYS
Materials
1) PARI and PAR4 Agonist Peptides
SFFLRR is a known high affinity PART selective agonist peptide. (Reference:

Seiler, .M., "Thrombin receptor antagowsts”, Seminars in Thrombosis and

Hemostasis, 22(3%.223-232 (1996).) The PAR4 agonist peptides AYPGKF and

H-Ala-Phe(4-F)-Pro-Gly-Trp-Leu-Val-Lys-Asn-Gly-NH>2 were synthesized.
H-Ala-Phe(4-F)-Pro-Gly-Trp-Leu-Val-Lys-Asn-Gly -NH2 showed 1mproved PAR4
agonist activity over AYPGKF in the FLIPR assay (ECso value of 8 M for
H-Ala-Phe(4-F)-Pro-Gly-Trp-Leu-Val-Lys-Asn-Gly-NHz and 60 uM for AYPGKF)

and in washed plaielet aggregation assay {ECso value of 0.9 uM for

pet
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H-Ala-Phe(4-F)-Pro-Gly-Trp-Leu-Val-Lys-Asn-Gly-NHz and 12 uM for AYPGKF).

2} PAR4 Expressing Cells

HEK293 cells stably expressing PAR4 were generated by a standard method
of transfection of human PAR4 (FZR23) cDNA expression vector and selected based
on PAR4 protein expression or mRNA expression. Those cells dersonstrated
functional responses to PAR4 agomist peptide-induced intraceliular calcium elevation
using FLIPR® (Fluorometric Imaging Plate Reader; Molecular Devices Corp.).
These cells also express endogenous PAR] and can ehait calcium signal apon
stimulation with PAR1 agonist peptide. Therefore, the same cells were also used to
determine selectivity against PAR1T and agonist activity for both receptors. Cells from
HEKZ293 PAR4 Clone 1.2A (BMS Arctic 1D 383940) were propagated and used for

calcium mobilization studies.

3 Preparation of Platelet Rich Plasma {(PRP)

Human blood was collected in 3.8% sodium citrate at a ratio of 1 ml per 9 ml
blood and centrifuged in a Sorvall® RT6000B centrifuge at 900 revolution per nunute
{rpm) at room temperature (RT) for 15 minmutes. PRP was collected and used for
aggregation assay. Refludan (Berlex Labs, Wayne, NJ}, a recombinant hirudin, at a
final concentration of T unit/mL was added to the sample to selectively prevent PAR]
activation induced by residual alpha-thrombin contamination. The remaining blood
sample was centrifuged at 2500 rpm at room temperature for 5 minutes to collect

platelet-poor plasma (PPP).

4} Preparation of Washed Platelets (W)

Human blood was collected in ACD (85 mM tri-sodium ciirate, 78 mM citric
acid, 110 mM D-glucose, pH 4.4) at a ratio of 1.4 mi per 10 ml blood. PRP was
1solated by centrifugation at 170 g for 14 minutes and platelets were further pelleted
by centrifugation at 1300 g for 6 minutes. Platelets were washed once with 10 mi
ACD contaming 1 mg/ml bovine serum albumin. Platelets were resuspended at
~2.5X10%ml in Tyrode's Buffer (137 mM NaCl, 2 mM KCL 1.0 mM MgCl, I mM
Call, 5 mM glucose, 20 mM HEPES pH 7.4).
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FLIPR Assay in PAR4-Expressing HEK293 Cells
FLIPR-based calcium mobilization assay in HEK293 cells was used to
measure PAR4 antagonism, agonism, and selectivity against PARL. The activity of
the PAR4 antagonists of the present invention were tested in PAR4 expressing cells

by monitoring H-Ala-Phe(4-F)-Pro-Gly-Trp-Leu-Val-Lys-Asn-Gly-NHz-induced

Wh

mtracellular calcium mobilization. Counter screens {or agonist activity and PARI
antagonist activity were also performed. Briefly, PARI/PAR4-expressing HEK293
cells were grown in BMEM (Life Technology, Grand Island, NY) contaming 10%
heat-inactivated FBS, 1% Penicillin-Streptomycin, 10 yg/ml blasticidin, and 100

10 ug/mbl Zeocin at 37 °C with 5% CO2. Cells were plated overnight prior to the
experiment in a black 384-well Purecoat Amine clear bottom plate (Becton Dickinson
Biosciences, San Jose, CA) at 10,000 cells /well m 30 yb growth medium and
incubated in a humidified chamber at 37 °C with 5% CO: overnighi. Prior to
compound addition, the cell medium was replaced with 40 UL of 1X calcium and

15 magnesium-containing Hank’s Balanced Saline Solution (HBSS) (with 20 mM
HEPES) and 1:1000 diluted fluorescent calcium indicator {Codex Biosolutions,
Garthersburg, MD). After a 30 minute incubation period at 37 °C and a further 30
minute incubation and equilibration period at room temperature, 20yl test compound
(diluted m 1X HBSS buffer) was added at various concentrations at 0.17% dimethyl

20 sulfoxide (DMSO) final concentration. Changes in fluorescence miensity were
measured using a Functional Drug Screening System (FDSS, Hamamatsu, Japan) to
determine agonist activities. The cells were then incubated for 30 minutes at room
temperature followed by addition of 20 4L of agonist peptide for antagonist activity
measurement. The PAR4 agonist peptide

25 (H-Ala-Phe(4-F)-Pro-Gly-Trp-Leu-Val-Lys-Asn-Gly-NH2) and the PAR] agonust
peptide (SFFLRR) were routinely tested to ensure a proper response at the ECso value
in the assay (~5 uM for PAR4 agonist peptide and ~2 uM for PAR1 agonist peptide}.

Compound potency was derived from 11-point concentration-response curves,

30 Gamma Thrombin Induced Platelet Aggregation Assays
The ability of the corapounds of the current invention to mhibit platelet
aggregation induced by gamma-thrombin was tested in a 96-well microplate

aggregation assay format. Briefly, 90 puL of PRP or washed platelets were
32
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pre-incubated for 5 minutes at 37 °C with 3-fold serially diluted test compound, which
was prepared as a 100-fold stock solution in dimethyl sulfoxide (DMSO).
Aggregation was initiated by addition of 10 uL of gamma-thrombin (Haematologic

Technologies. Inc. Essex Junction, VT) at 50-100 nM final concentration, which was

[ ]

titrated daily to achiave 0% platelet aggregation. The plate was then placed into a
SpeciraMax® Plus Plate Reader {Molecular Devices) at 37 °C. Platelet aggregation
was monitored at a wavelength of 405 nm using a kinetic analysis mode. Prior to the
first data collection time point, the plate was shaken for 10 seconds to allow thorough
mixing. Data was subsequently collected every 10 seconds for up 1o 7 minutes total.
10 Data was collected using SoftMax® 5.4 1 software and exported to Microsoft Excel
for analysis. The optical density {OD} values at the time point that achieved 75%
platelet activation by agonist alone were used for analvsis. The OD value from a PRP
sample without any treatrment served as ODmaximom, and the OD value from a PPP
sarnple containing no platelets served as the ODnunimoum. Inhibition of platelet
15 aggregation (IPA) was calculated based on the formula: % IPA=
{100-100* ] OBcompound — ODmimimum} / |ODmaximum — ODwmimum]). The
1Cso value of the test compound was calculated by fitting the % IPA values to the
one-site concentration response equation: Y=A-+{B-A}){1-+(C/X} 3]}, using XLfit for
32 bit Excel® Version 2 Build 30 (1D Business Solutions Limited}.
20 The aggregation assays were also emploved {o test the selectivity of the
compound against other platelet receptors by using SFFLRR for PARL, collagen
{Chrono-Log, Havertown, PA) for collagen receptors, ADP for P2Y1 and P2Y 12 and

V46619 (Cayman Chemical, Ann Arbor, M) for thromboxane receptors.

W

Alpha-thrombin Induced Platelet Aggregation Assays

b2

The ability of PAR4 antagonists to inhibit platelet aggregation induced by
alpha-thrombin can be tested using human washed platelets. The antagonisis are
pre-incubated with washed platelets for 20 oun.  Aggregation is imitiated by addition
of 1.5 nM alpha-thrombin {Haematologic Technologies, Essex Junction, VT} to 300

30 ul of washed platelets at stirring speed of 1000 rpm. Platelet aggregation is monitored
using an Optical Aggregometer (Chrono-Log, Havertown, PA) and the area under the
curve {AUC) at 6 min was measured. 1Cso values are calculated using vehicle conirol

as 0% inhibition.
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Tissue Facior-Induced Platelet Aggregation Assay

The ability of PARY or PAR4 antagonisis to inhibit platelet aggregation
induced by endogenous thrombin can be tested in a tissue factor driven aggregation
assay. Aggregation is initiated by addition of CaCly and recombinant human tissue
factor, which results in the generation of thrombin through activation of the
coagulation pathway in the plasma. Anticoagulant agents such as com trypsin
inhibitor {(Haematologic Technologies, Essex Junction, VT} at 50 pg/mi and
PEFABLOC® FG (Centerchem, Norwalk, CT) are also added to the sample to
prevent fibrin clot formation during the time of the study. Platelet aggregation is
monitored using standard instrumentation including optical aggregometer or
impedance aggregometer.

Cynomolgus Monkey Electrolvtic Injiry-induced Carotid Artery Thrombosis
Model

Healthy cvnomolgus monkeys are used in the study. These monkeys are
retired from other pharmacokinetic and pharmacodynamic studies and have at feast a
4-week washout pertod. On the day of the study, compounds or vehicles are
administered orally at 1 to 2 hours before the experiment. Monkevs are then sedated
by intramuscular adnministration of 0.2 mg/kg atropine, 5 mg/kg TELAZOL
{(tiletamine/zolazepam) and 0.1 mg/kg hyvdromorphone to faciiitate placement of an
endotracheal tube. An intravenous catheter 15 placed in the left cephalic vein for fluid
admuinistration to prevent dehydration. Animals are then administered with an inhalant
anesthetic, isofturane (1-5% to effect) and oxvgen, ventilated, and placed on a
thermostatically controlled heating pad to mamntain the body temperature at 37 'C.
General anesthesia is maintained at a surgical plane using inhaled 1soflurane and
oxygen. The left brachial artery is cannulated to record blood pressure and heart rate.
Blood pressure and heart rate are monitored to maintain normal vital signs. The
carotid arterial thrombosis model in monkeys was based on a rabbit arterial
thrombosis model, as described by Wong et al. {(Wong, P.C. et al | "Nonpeptide factor
Kainhibitors: 1. Antithrombotic evaluation in a rabbit model of electrically induced
carotid artery thrombosis”, J. Pharmacol. Exp. Ther. |, 295:212-218 (2002)) The

monkey thrombosis model has recently been desribed by Wong et al. (Wong, P.C et
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al., “The P2V receptor antagonist MRS2500 prevents carotid artery thrombosis in
cynomolgus monkeys”, J. Thromb. Thrombolysis, 41:514-521 (2016)) Thrombosis is
mduced by electrical stiimulation of the carotid artery for 5 min at 10 mA using an
external stainiess-steel bipolar electrode. Carotid blood flow is measured with an
appropriately sized TRANSONIC flow probe and a TRANSONIC perivascular
flowmeter (TS420 Model, Transonic Systems Inc., Tthaca, NY). It is continuously
recorded over a 90-min period to monitor thrombosis-induced occlusion. Integrated
carctid blood flow is measured by the area under the flow-time curve. It is expressed
as percent of total control carotid blood flow, which would result if control blood flow
had been maintained continuously for 90 mun. In addition, thrombus from the injured
artery is removed, blotted twice on a weighing paper to remove residual fluid, and

weighed.

The following table sets out the resulis obtained employing various

compounds of the invention tested in the PAR4 FLIPR assay.

Table
- PAR4 FLIPR
No. assay
(1Cso, nM}

i i.6

2 0.46

3 0.82

4 1.9

5 6.8

6 0.76

7 0.67

8 1.2

9 12

10 23

il 2.8

12 5.7

13 110
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14 2.4
15 0.77
16 1.3
17 4.1
1R 39
19 1.0
20 1.8
21 470
22 24
23 30
24 7.8
25 1.3
26 &3
27 38
28 96
29 12
30 2.6
31 1.4
32 2.6
33 3.
34 1.6
35 2.5
36 2.4
37 4.0
38 9.4
39 400
46 83
41 180
4z 320
43 22
44 25
45 2.2
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46 2.0
47 4.2
43 2.4
49 3.6
50 3.4

51 6.8
52 2.5
53 94

54 13

55 1.4
56 1.8
57 6.1

58 1.4
59 77

60 9.8
6 1.3
62 6.9
63 7.4
64 19
65 379
66 0.79
67 0.99
68 0.75
69 12
76 9.0
71 1.6
72 1

73 0.50
74 8.9
75 5.9
76 10

77 92
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78 9.7
79 0.90
80 7.0
81 92
82 1.1
53 6.8
84 54
85 41
86 27
87 6.2
8§ 21
89 3.8
90 330
91 3.8
92 12
93 980
94 2300
95 72
96 44
97 9.2
9% 14
99 32
100 13
101 20
102 0.75
103 20
104 24

The data values mn the Table are reporied with two significant digits.

METHODS OF PREPARATION
The compounds of the present invention can be prepared in a murnber of ways

5 known to one skilled in the art of organic synthesis. The compounds of the present
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invention can be synthesized using the methods described below, together with
svuthetic methods known in the art of synthetic organic chemisiry, or by variations
thereon as appreciated by those skilled in the art. Preferred methods include, but are
not limited to, those described below. The reaction mixtures are performed in a
5 solvent or solvent mixture appropriate to the reagents and materials emploved and

suitable for the transformations being effected. 1 will be understood by those skilled
in the art of organic synthesis that the functionality present on the molecule should be
consistent with the transformations proposed. This will sometimes require a judgment
to modify the order of the synthetic steps or to select one particular process scheme

10 over another in order to obtain a desired compound of the invention.

It will also be recognized that another major consideration in the planning of
any synthetic route i this field is the judicious choice of the protecting group used for
protection of the reactive functional groups present in the compounds described n this
invention. An authoritative account describing the many alternatives to the tramed

15 practitioner is Wuts et al. {Greene's Protective Groups In Organic Synthesis, 4th

Edition, Wiley-Interscience (2006).

Compounds of Fornmila | can be prepared from paliadium catalvred cross

coupling of arviboronic acids of Fornmuila Ib with halides R3-X shown in Schemel.

20 Scheme 1
Y R PdL, M 124
i 2 1 Ry ES 1
{Radn P J e RgmX TR (R j/
P
R3 N Ra = Y
B{OH}, X = Br, | R,
ib i

A regiospecific synthesis of quinoxalines of Formula Ia and Ib ts shown in
Scheme 2. A protected ortho-nitro aniline le 15 alkylated with methyl bromoacetate to

vigld compound If. Deprotection of compound If and reduction of compound ig

|\
W

inifiates cyclization to give rise to compound th. Compound Ih can be oxidized to
quinoxaline-2-one of Formula Ii, which can be converted to the intermediate [ with
oxophosphorus halides. The halide in compound I} can be displaced with a
nucleophile containing an R group to compound la, and compounds of Formula Ia
can be converted to corresponding boromic acids of Formula Ib via Sumuda-Mivaura
30 reaction. Intermediate Ii could also be converted to Ik by condensation reaction with
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sodium chlorodifiuoroacetaie in the presence of a base such as K2CQOs. The
difluoroalkoxy group may be displaced with a nucleophile containing an Ri group to
compound la.

Scheme 2

NG ) H
LN i base R NP2 geprotection Sy MOz redusction PN
®aln i 2 (R?_}n“?- -----E ------------- Zoer {Rz)n"i‘ R €R2)“mi" T
Ry i NHP  grCH,CO,Me Ry L e Ry ¥ nu  Syclization Ry F
X M
X X ¥
e L‘CQQME E\COZME
14 ] h

H
oxidation N Pgg@ POX, e Mg X N, Ry .
B e () ]’ e B T (Rabs
PN P N A P e R
Rg ¥ N Ry N Ry N )
X X X
ia
N, O i = G,
j/ “CHF, K=l Br
b
N

B 0

| F,CGIC0,Na

K,COs, DMF

Wh
ES

A synthesis of 2-halo benzothiazoles XXI is shown in Scheme 3. Beginning

with the appropriately substituted aniline XIX, the 2-amino benzothiazole XX is

10 formed via addition and oxidative cychization of a thiocvanate. Subsequent
Sandmeyer chemustry 1s emploved to generate the desired 2-halo benzothiazole XX1.
With X X1 in hand, various compounds of Formula I with structure XXila are
prepared with boronic acid Ib via Suzuki cross-coupling. Intermediates for
preparation of compounds containing bicyclic R groups other than benzothiazole are

15 commercially available or can be prepared by one skilled in the art, and can be
mecorporated via cross coupling chemistry as shown in Scheme 3.

Scheme 3
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A synthesis of cis-2-halo benzothiazole cyclic diol intermediates is shown in

Scheroe 3. Beginning with the appropriately substituted 2-halobenzothiazole reacting

5
with cyclic alpha-halo ketones, cyclic ketones are formed, which are reduced to
cis-hydroxy cychic ether infermediates by L-Selectride.

Scheme 3
X X
X N% N%
-'\j_.e‘:< 5 S
5 X i oy o Ry
f i N base R i E-~selectride R‘-'T'"
i e A R L
PrL Sotvent o THF o
G o
OH
IEa Bh Bie Xiid
X X
X N-Q( N#
N.:a< 11 3
s 0 X i %
f Sy P - base AT L-selectride Ry
R1-E-- L —— o2 A e = Y.
P Ry Solvesst o THF
L\( n=1,2 G 2
o R i
2 R; o
n=1,2 n=1.2
¥fa ¥ile jiiig Iig
X =L, Br
={,N
10 A synthesis of trans-2-halo benzothiazole cyclic diol intermediates 1s shown in

Scheroe 4. Beginning with the appropriately substituted 2-halobenzothiazole reacting
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with cyclic epoxide IVb, to form trans-hydroxy ether intermediate IVce.

Scheme 4

X
N%
5 Q
1 oy + hase
Rif S
A
n=1,2
OH
Wa vh
X= Cl, Br,
A=C,N
5 A synthesis of some example compounds is shown in Scheme 5. Begmning

with the appropriately cyclic diol intermediates Va and boron intermediates Vb, Pd
catalvzed cross-coupling forms bi-arvl intermediates Ve, These compounds react with
phosgene to form chloroformates Vd, which are converted to carbamates Ve by
reacting with amines.

10

Scheme 3
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Phosgene RsNH,
B

X=Cl, Br
A=C,N

The “R” groups described in the above schemes are for ilustrative purposes, and do

not necessarily correspond to the “R” groups described and claimed elsewhere,

(93}

GENERAL METHODS

The following methods were usad in the exemplified Examples, except where
noted otherwise.

Products were analvzed by reverse phase analvtical HPLC carried outon a
Shimadzu Analytical HPLC system running Discovery VP software using one of the
10 following methods:

Method A: PHENOMENEX® Luna C18 column (4.6 x 30 mm or 4.6 x 75
) eluted at 4 mil/min with 2, 4 or 8 min gradient from 100% A to 100% B (A:
10% methanol, 82.9% water, 0.1% TFA; B: 10% water, 89.9% methanol, 0.1% TFA,
UV 220 nm).
15 Method B: PHENOMENEX® Luna C18 column (4.6 x 50 mm) eluted at 4
mb./min with a 4 nun gradient from 100% A to 100% B (A: 10% acetonitrile, 89.9%
water, 0.1% TFA; B: 10% water, 82.9% acetonitrile, 0.1% TFA, UY 220 nm}.
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Method C: PHENOMENEX® Luna €18 column (4.6 x 50 mm or 4.6 x 75
mm) eluted at 4 mL/min with a 2, 4 or 8 min gradient from 100% A 1o 100% B (A
10% methanol, 89.9% water, 0.1% H3PO4; B: 10% waler, 89.9% methanol, 0.1%

HsPQO4, UV 220 nm).

Wh

Method D: PHENOMENEX® Luna C18 colamn {(46x50mmord6x75
mim) eluted at 4 mL/min with a 2, 4 or 8 min gradient from 100% A {0 100% B (A
10% methanol, 89.9% water, 0.1% NH:OAc; B: 10% water, 89.9% methanol, 0.1%
NH4OAc, UV 220 nmyj.

Method E: BEH C18 2.1x50mm; A water + 0.053% TFA, B: acetonitrile +
10 ©.05% TFA; wavelength 220 nmy; flow rate 0.8 mL/min; 0% B 10 100% B in | minute,
gradient time 1.5 min.

Method F: BEH C18 2.1x50mm; A water + 0.05% TFA; B! acetonitnle +
0.05% TFA; wavelength 220 nm; How rate 0.8 mL/min; 0% B o 50 % B in 1 munute,
gradient time 1.5 nuin.

Method G: BEH €18 2.1x50mm; A: water + 0.05% TFA; B: acetonitrile +

(1.05% TFA; wavelength 220 nm; flow rate 0.8 mL/min; 30% B 1o 100 % Bin 1

-
(93}

minute, gradient time 1.5 nun.

Reverse phase preparative HPLC was carried out using a Shimadzu
20 Preparative HPLC system running Discovery VP software using one of the following
methods.
Method A: PHENOMENEX® Axia Luna 5 uM C18 30 x 75 mm column with
a 10 min gradient at 40 mL/min from 100% A 1o 100% B (A: 10% acetoniiriie, 89.9%
water, 0.1% TFA; B: 10% water, 89.9% acetonitrile, 0.19% TFA, UV 220 nm).
25 Method B: YMC Sunfire 5 uM C18 30 x 100 mm colunm with a 10 min
gradient at 40 mL/min from 100% A to 100% B {(A: 10% methanol, #9.9% water,
(0.1% TFA; B: 10% water, 89.9% methanol, 0.1% TFA, UV 220 nm).
Method C: XBridge CI8, 19 x 200 nun colunm, 5-um particles; Mobile Phase
A 5:95 acetonitrile: water with 0.1% trifluoroacetic acid; Mobile Phase B: 95:5
30  acetonitrile: water with 0.1% trifluoroacetic acid; Flow: 20 mL/muin.
Method D Waters XBridge C18, 19 x 100 mym columm, 5-um particles;
Mobile Phase A: 5:93 acetonitrile: water with 10-mM ammomum acetate;, Mobile
Phase B: 95:5 acetonitnle: water with 10-mM ammmonium acetate; Flow: 20 mbL/min.
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Method E: PHENOMENEX® Luna 5 uM €18 30 x 100 mm column with a 10
min gradient at 40 mL/muin from 100% A to 100% B (A 10% acetonitrile, 89.9%
water, 0.1% TFA; B: 10% water, 89.9% acetoniirile, 0.1% TFA, UV 220 nm).

Method F: PHENOMENEX® Luna 5 pM C18 30 x 100 mom column with a 10

Wh

min gradient at 40 mL/min from 100% A to 100% B {(A: 10% methanol, 89.9% water,
0.1% TFA; B: 10% water, 89.9% methanol, 0.1% TFA, UV 220 nm).

Method G Waters XBrnidge CI8, 19 x 200 nwn, 5-um particles; Mobile Phase
A 5:95 acetonitriie:water with 0.1% formic acid; Mobile Phase B: 95:5
acetontirile:water with 0.1% formic acid; Flow: 20 mL/min.
10

LCMS chromatograms were obtained on a Shimadzu HPLC svstem running
Discovery VP software, coupled with a Waters 2 mass spectrometer running
MassLynx version 3.5 software using:

Method A: A linear gradient using solvent A (10% acetonutrile, 90% water,

-
(93}

(.1% of TFA) and solveni B {90% acetonitrile, 10% water, 0.1% of TFAY; 0-100% of
solvent B over 2 min and then 100% of solvent B over 1 min. Colummn:
PHENOMENEX® Luna 3u C18(2) (2.0 x 30 mm). Flow rate was S mi/min. And
UV detection was set to 220 nm. The LC column was maintained at room
temperature.

20 Method B: A linear gradient using solvent A (10% methanol, 90% water,
0.1% of TFA) and solvent B (90% methanol, 10% water, 0.1% of TFA); 0-100% of
solvent B over 4 min and then 100% of solvent B over | min. Column:
PHENOMENEX® Luna 5u C18 (4.5 x 30 mm). Flow rate was 4 ml/min. And UV
detection was set to 220 nm. The LC colomm was maintained at room temperature.

25 Method C: A linear gradient using solvent A (10% methanol, 90% water,
0.1% of TFA) and solvent B {(90% methanol, 10% water, 0.1% of TFA}; 0-100% of
solvent B over 2 min and then 100% of solvent B over 1 mun. Column:
PHENOMENEX® Luna 3u C18(2) (2.0 x 30 mmy. Flow rate was 1 ml/min. And
UV detection was set to 220 nm. The LC columm was maintained at room

30 temperature.

Method D A linear gradient using solvent A (10% methanol, 90% water,

0.1% of TFA) and solvent B (90% methanol, 10% water, 0.1% of TFA); 0-100% of

solvent B over 2 mun and then 100% of solvent B over 1 mun. Column:
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PHENOMENEX® Luna 3u C18(2) (4.5 x 30 mm). Flow rate was 5 mi/min. And
UV detection was set to 220 nm. The LC column was maintained at room
temperature.

Method E: 30-95% acetonitrile in water with 0.1% TFA in & min run, Waters

5 Xbridge 4.6x50mm 5 um €18, flow rate 1.2 mE/min and UV detection was set to 220
nm. The LC column was maintained at room temperature.

Method F: 10-95% methanol in water, 0.1% TFA in a 10 min run,
PHENOMENEX® Onyx Monolithic 4.6x100mm 5 um C18, flow rate 2.0 mL/mL
and UV detection was set to 220 nm. The LC column was maintained at room

10 temperature.

Method G 5-95% acetonitrile in water, 10mM of modifier in 6 min run,
Waters Xbridge 2.1x50mm 5 um CI18, flow rate 1.0 mL/min and UV detection was
setto 220 nm. The LC column was maintained at room temperature,

Method H: BEH C18 2.1x50mm; A: water + 0.05% TFA; B: aceloniinle +

15 0.05% TFA; wavelength 220 nm; flow rate 0.8 mL/min; gradient time 1 5 nun; 2 {0
98% B.
Method {: BEH Ci18 2. 1x80mny, A water + 0.85% TFA; B: acetontrile +
0.05% TFA; wavelength 220 nm; flow rate 0.8 mL/min; gradient time 1.5 min; 2 {0
52% B.
20 Method . BEH C18 2. 1x50mmy; A water + 0.05% TFA; B: acetoniinle +

0.05% TFA; wavelength 220 nim; flow rate 0.8 ml/oun; gradient tirne 1.5 nun; 48 to
98% B.
Method K: Column: Waters Acquity UPLC BEH C18, 2.1 x 50 mm, 1.7-um
particies; Mobile Phase A: 5:95 acetoniinle water with 10 mM amnonium acetate;
23 Mobile Bhase B: 95:3 acetonitnile: water with 10 mM armomonium acstate;
Temperature: 50 °C; Gradient: (-100% B over 3 minutes, then a 0.75-minute hold at
100% B; Flow: 1.11 mlL/min; Detection;: UV at 220 nm.
Method L: Column: Waters Acquity UPLC BEH CI8, 2.1 x 50 ram, 1.7-um
particles; Mobile Phase A: 5:95 acetonitrile:water with 0.1% trifluoroacetic acid;
30  Maobile Phase B: 95:5 acetonitrile: water with 0.1% trifluoroacetic acid; Temperature;
50 °C; Gradient: 0-100% B over 3 munutes, then a 0.7 5-manute hold at 100% B; Flow:

111 mi/man; Detection: UV at 220 nm.
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In addition, the following orthogonal HPLC conditions were used to check the
purity of the compounds:

Method A: Two analytical LC/MS injections were used to deternune the final
purity. Injection! condition: A linear gradient using solvent A (5% acetonitrile, 95%

5 water, 0.05% TFA}) and solvent B (95% acetonitrile, 39 water, 0.05% TFA);
10-100% of solvent B over 10 min and then 100% of solvent B over S min. Column:
Sunfire C18 3.5um (4.6 x 150 mm). Flow rate was 2 mi/min. And UV detection was
setto 220 nm. The LC column was maintained at room temperature. Injection 2
conditions: A linear gradient using solvent A (8% acetonitrile, 95% water, 0.05%
10 TFA) and solvent B (95% acetoniirile, 5% water, 0.05% TFA); 10-100% of solvent B

over 10 min and then 100% of solvent B over 5 min. Column: Xbridge Phenyl 3. 5um
(4.6 x 150 mm). Flow rate was 2 mi/min. And UV detection was set io 220 nm. The
LC columm was maintained at room temperature.

Method B: Two analvtical LC/MS injections were used to determine the final

pns
(¥4}

purity. Injection 1 conditions: Column: Waters Acquity UPLC BEH C18, 2.1 x 5¢
mm, 1.7-pum particles; Mobile Phase A: 5:95 acetonitrile: water with 10 mM
ammonium acetate; Mobile Phase B: 93:5 acetonitrilerwater with 10 mM ammonium
acetate; Temperature: 50 °C; Gradient: 0-100% B over 3 nunutes, then a 0.75-minute
hoid at 100% B; Flow: 1.11 mL/min; Detection: UV af 220 nm. Injection 2

20 conditions: Column: Waters Acquity UPLC BEH C138, 2.1 x 50 mm, 1.7-pm particles;
Mobile Phase A: 5:95 acetontirdewater with 0.1% trifluoroacetic acid; Mobile Phase
B: 95:5 acetonitrile:water with 0.1% trifiuoroacetic acid; Temperature: 50 °C;
Gradient: 0-100% B over 3 manutes, then a 0.75-minute hold at 100% B; Flow: 1.11

mb/mun; Detection: UV at 220 nm.

METHQDS OF PREPARATION
The compounds of the present invention can be prepared in a murnber of ways
known to one skilled in the art of organic syothesis. The compounds of the present
invention can be synthesizad using the methods described below, together with
30 svnthetic methods known in the art of synthetic organic chemisiry, or by variations
thereon as appreciated by those skilled in the art. Preferred methods include, but are
not limited to, those described below. The reaction muxtures are performed in a

solvent or solvent mixture appropriate to the reagents and materials emploved and
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suitable for the transformations being effected. It will be undersicod by those skilled
in the art of organic synthesis that the functionality present on the molecule should be
consistent with the transformations proposed. This will sometimes require a judgment
to modify the order of the synthetic steps or {o select one particular process scheme
over another in order to obtain a desired compound of the invention.

Tt will also be recognized that another major consideration in the planning of
any synthetic route in this field is the judicious choice of the protecting group used for
protection of the reactive functional groups present in the compounds described in this
invention. An authoritative account describing the many alternatives to the trained
practitioner is Wuts et al. {(Greene's Protective Groups In Organic Synthesis, 4th

Edition, Wiley-Interscience {2006).

INTERMEDIATE 1-01

rac-cis-2-{{2-bromo-5-fluorobenzol d{thiazol-6-yyoxy)evclopentanot
F N
X
e} S
éAOH
{1-01)
Intermediate I-01 A: 2-{(2-bromo-5-fluorobenzo|djthiazol-6-vHoxyevclopentanone
F N
XL
0 S
Or°
(J-01A)

A mixture of 2-bromo-5-fluorobenzofdfthiazol-6-0l (168 mg, 0.677 mmol)
{(Intermediate I-19}, 2Z-chlorocyclopentanone {120 mg, 1.016 mmol}, and potassium
carbonate (187 mg, 1.354 ramol) in DMF (2 mL) was stirred for | hoat 60 °C. After
cooling to room temperature, the reaction nuxture was loaded on a silica gel column
{24¢) and eluted with 0-100% EtOAc/hexane gradient. Collecting the desired
fractions and removing solvent gave
2-({2-bromo-5-fluorobenzoldjthiazol-6-voxy ey clopentanone (208 mg, 0.630 mmol,
93 % vield) as a colorless oil. TH NMR (400MHz, CDCIE3) 8 7.69(d. J=11.0 Hz, 1 H),
7.55 (4, J=7.5 Hz, 1 H), 4.67 - 4.60 {m. | H), 2.50 (o, 1 H), 2.45 - 2.36 (m, 2H), 2.27
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=210 (m, 2H), 2.01 - 1.89 (m, 1 H); PF NMR (376MHz, CDC) 8-131.79 (s, 1 F);
LCMS: method H, RT = 0.90 nun, MS (ESI m/z: 330.0 and 332.0 {(M+H)Y".

Intermediate 1-01:

Intermediate I-0T A (878 mg, 1.751 munol) was dissolved in THF (10 mL) and cooled
to — 78 °C under N2, To this solution was added L-Selectride (2,101 mi., 2,101 mmol)
at -78 °C dropwise. After 3 h of stirring, the mixture was warmed o room
ternperature and 14 drops of aq. sodium hydroxide (ag., 2N} and 10 drops of 35%
hydrogen peroxide were added to the nuxture, and the nuxture was extracted with
ethyl acetate (40 mL x 2). The combined organic lavers were washed with brine, dried
over sodium sulfate, filtered and concentrated in vacuo to give an otl. The residual ol
was purified by silica gel chromatography (12 g size column, 0-100% EtOAc/hesane)
to give the title compound as white solid. "TH NMR (400MHz, CDCIs) 8 7.73 (4,
J=11.0Hz 1 H), 7.45 (4, J=7.5 Hz, 1 H), 4.45 - 4.38 (m, 1 H), 3.99 (d, /=7.5 Hz, 1
H), 2.23(d, /=59 Hz, 1 H), 2.11 - 1.91 (m, 2H). 1.84 - 1.64 (m, 4K, 1.50 - 1.34 (m,
2H); F NMR (376MHz, CDCL) 8 -131.68 (s, 1 F); LC-MS: method H, RT =0.94
min, MS (ESD sz 332.0 and 334.1 (M+H)".

INTERMEDIATE 1-02

rac-cis-2-{{2-bromo-S-fluorobenzo| djthiazol-6-yHoxy jeyclohexanol

QU

(1-02)

Intermediate I-02A: 2-{{2-bromo-5-flucrobenzofdjthiazol-6-yiioxy jeyclohexanone

X
0]

(1-02A)

Intermediate  [-02A (0.1 g 32Zmmol, 80% vield} was made from
2-bromo-5-fluorobenzo|djthiazol-6-0f (1.0 g, 403 mmoly ({I-19) and

2-chlorocyclohexanone (1.069 g, 8.06 mimol) via the procedure described for 1-01A'H
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NMR (400 MHz, CDCl) d ppm 7.70 (1 H, d, J=11.00 Hz), 7.31 (1 H, d, /=7.70 Hz),
467 (1 H,dd, J=9.68 528H#),2.59-272(1 H,m), 2.41 2 H, dd, /=10.56, 484 Hz),
1.98-223(3H, m), 1.68-1.93¢(2 H. m); F NMR (376 MHz, CDCl:) § ppm -131.73
(1 F, s}, LC-MS: method H, RT = 1.04 nun, MS (ESI) m/z: 343.9 and 345.9 (M+H)".

W

Intermediate 1-02:

Intermediate 1-02 (201 mg. 0.581 mmol, 95 % vield) was made as a vellow solid from
I-0ZA via same procedure described for I-01. 'H NMR (400MHz, CDCl:) 8 7.71 (d,
J=10.8 Hz. 1 H), 743 (4. J=7.5 Hz, 1 H), 4.44 - 4.35 (m, 1 H), 3.97 (d. /=7.5 Hz, 1 H),
2.21(d, J=5.9 Hz, 1 H). 2.10 - 1.87 (m, 2H), 1.81 - 1.62 (m, 4H), 1.49 - 1.32 (m, 2H);
10 F NMR (376MHz, CDCl:) 8 -131.68 (5, | F). LC-AMS: method H, RT = 0.94 min, MS
(ESID) m/z: 346.0 and 348.1 (M+H)"
INTERMEDIATE 1-03

rac-irans-2-((2-bromo-S-fluorcbenzofdjthiarol-6-y Doxy)evelopentanol
F N
=
0 S
é ~OH
(1-03)

15 E19 (100 mg, 0.403 mmol) and 6-oxabicyclo]3.1. Olhexane (1 mlL, 0.403 mmol) were
mixed m a vial. KaCOs (557 mg, 0.403 mmol) was added, and the mixture was stirred
at 100 °C for overnight. On the next day, the reaction was diluted by adding 30 mL of
EtGAc and 20 mb of water. After separation, the aq. layer was extracted with EtQAc
(15 mL x2). Organic lavers were combined and washed with brine, dried over

20 anhydrous Nax804, filtered and concentrated. The crude product was purified by
silica gel chromatography (24g silica gel column, 0-100% EtQAc/hexane gradient).
Removing solvent gave 1-03(48.5 myg, 0.146 mmol, 36.2 % vield) as a white solid. 'H
NMR (400MHz, CDCLY 6 7.69(d, J=11.0Hz, 1 H), 743 (d, /=77 Hz, 1 H), 461 -
4.54 (m, 1 H), 4.40 (m, 1 H), 2.30 - 2.09 (m, 2H). 1.95 - 1.80 (m, 3H), 1.76 - 1.63 (m,

25 2H); YF NMR (376MHz, CDCL) 6 -132.68 (s, 1 F); LC-MS: method H, RT = 0.98
min, MS (ESI) m/z: 332.0 and 334.0 (M+H)".

INTERMEDIATE 104

rac-cis-2-{(2-bromo-5-fluorobenzol djthiazol-6-yyoxy }-4,4-difluorocy clohexanol
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Intermediate 1-04A; 2-bromo-4_4-difluorocvcichexanone
Br

F
F><:§:O (1-04A)

-

4 4-difluorocvclohexanone (5 g, 37.3 mmol) was dissolved in CHCI; (60 mi) and

cooled to 0 °C. Brz (2.017 mi, 39.1 ramol} in CHC (30 mb) was added mto the

reaction solution dropwise. The nuxture was stirred at roorn temperature for 2 hours.

The reaction was followed by TLC (in 10 minutes, the color of bromine disappeared
16 and the reaction turned to a clear vellow solution}. Then saturated NaHCOs (aq.)
solution was added into reaction sfowly with stirring until no bubbles were generated.
The layers were separated, and the organic phase was washed with brine, dried over
anhydrous NaxS(y, filtered and concentrated to -04A (8.40 g, 39.4 mmol, 106 %
vield) as yellow oil. 'H NMR (400MHz, CDCis) § 4.70 (dd, J=11.1, 6.3 Hz. 1 H),
3.09-294(m. 1 H), 287 (m, 1 H), 2.74 - 2.55 (m, 2H). 2.52 - 2.22 (m, 2H);, ¥F
NMR (376 MHz, CDCl) & ppm -101.01 -94 88 (2F. m)

-
(93}

Intermediate 1-048:

2-{{2-bromo-5-fluorcbenzoldjthiazol-6-yhoxy 34 4-difluorocy clohexanone

20 o { 1-04B)
I-04A (2.061 g, 2.67 mmol} was nixed with
2-bromo-5-fluorcbenzo|djthiazol-6-of (1.2 g, 4.84 mmol} {Intermediate I-19) n
anhydrous DMF (10 mbL). KoCGO5 (1.003 g, 7.26 munol} was added. The mixture was

stirred at 30 °C for 6 hours. LLC/MS showed a small amount of starting material

W

remained. Another 0.4 eq. of 2-bromo-4,4-diflucrocyclohexanone (0.412 g, 1.935

b2

mmol) was added. The mixture was stirred at 50 °C for additional 1 hour. The
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reaciion was diluwted by adding 50 mL of FtGAc and 30 mL of water. After
separation, the ag. layer was exiracted by 30 mL of EtQAc. The combined organic

phases were washed by brine, dried over anhydrous Na:xSQOu, filtered and

concentrated. The crude product was added to a silica gel {(80) column and was eluted

with 0-100% EtOAc/hexane. The solvent was removed from the desired fractions to
CoMS: method H, RT =

Wh

aive [-04B (1.81 g, 4.76 mmol, 98 % vield) as the product. L

1.02 min, MS (ESI m/z: 380.0 and 382.0 (M+H)".

Intermediate 1-04:
L-8electride (16.79 mL, 16.79 mmol in THF) was added dropwise. The nuxture was

stirred at-78 °C for 3 hours, and then the reaction was slowly warmed up to room
temperature. At the same time, 40 drops of NaOH {(aq., 2N} was added to the reaction

dropwise, followed by 20 drops of 35% HoOo{ag ). Then 100 mL of EtOAc, and 50

{-04B was dissolved in anhydrous THF (100 mL) and cooled to -78 °C under No.

16

15 mbL of sat. NH4{l (aq.} were added io the reaction. After separation, the aq. layer was
extracted with EtOAc (50 mL x2). The organic phases were combined and washed
with brine, dried over anhydrous Nax804, filtered and concentrated. The crude
product was added to a silica gel (220g) colurmn and was eluted with a 0-100%
EtOAc/hexane gradient. Solvent was removed from the desired fractions to give 104
20 (4.8 ¢ 12,56 mmol, 79 % yield) as a white solid. 'H NMR (400 MHz, CDCl3) 6 ppm
774 (1 H, d, J=10.78 Hz). 745 (1 H, 4. J=7.48 Hz), 441 (1 H, m), 421 - 428 (1 H,
M), 4.05-4 18 (1 H, m), 2.36-2.52 (2 H, m), 213 (2H, 5}, 1.85-2.04 (1 I, m), 1.64

- 1.81 (1 H, m); PYF NMR (376 MHz, CDCE) 8 ppm -108.38 t0 -84 16 (2 F, m),
13147 (3 F, s); LOAMS: method H, RT = 0.99 mun, MS (ESH m/2: 381.9 and 384.0

(M+H)".
INTERMEDIATE 103

(1R,28)-2-((2-bromo-S-fluorobenzof d fthiazol-G-y oxy -4, 4-difluorocy clohexanol

EF
F N
T e
e S
{ 1-05)

H

Olli
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INTERMEDIATE 106
{15.2R)-2-{((2-bromo-5-fluorobenzo| djthiazol-G6-yDoxy }-4,4-diflucrocy clohexanol

[

Intermediate 1-04 (686 mg, 1.8 mimol) was separated by chiral SFC (supercritical fhnd
chromatography) to afford 1-05 (170 mg, 24.8%, peak 2, retention time: 9.53 nun,
>99% ee) and 1-06 (165 mg, 24%, peak 1, retention time: 7.96 min, >99% ee);
Coluron: Chiralcel OJ-H, 30 x 250 mm, 5 micron; Mobile Phase; 20% MeQH / 80%
CO2; Flow Conditions: 100 mL/mun, 150 Bar, 40°C, Detector Wavelength: 220 nim;
10 Imjection Details: 0.6 mbL of ~27 mg/ml in MeOH. The absolute stereochemistry of
[-06 was assigned by x-ray crystallography, from the anomalous dispersion signal

using the Flack method.

INTERMEDIATE 107

15 rac-¢is-2-{{2-bromo-5-fluorobenzo|djthiazol-6-yDoxy ey clobutanol

Pabes e,

(1-07)

Intermediate I-07A: 2-bromocyclobutanone
Br

O( 1-07A)

20 Cyclobutanone (3.0 g, 42.8 munol was dissolved i CHCL (60 mL) and cooled 1o 0 °C,
Br2 (2.205 mL, 42.8 mmol) in CHCI; (40 ml) was added dropwise. After addition, the
reaction was warmed o room temperature and stitred at room temperature overnight.
On the next day, 30 mbL of sat. NaHCOs was added slowly and the mixture was stirred
for 10 minutes, and then layers were separated. The organic layer was washed with

25 brme, dried over anhydrous NaxSOq, filiered and concentrated. The crude product was
used in the next step withoui purification (5.9g, 39.5 mmol, 95% vield) ‘H NMR

(400MHz, CDCL) 8 5.07 - 4.94 (m, 1 H), 3.29 - 3.13 (m, 2D, 2.74 (m, 1 H), 2.31 -

53
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2.19 (m, 1 H).

Intermediate 1-078: 2-((2-bromo-5-fluorobenzo| djthiazol-6-voxy )evclobutanone

P

(1-078)

(¥4}

-07B (0.810 g, 2.56 mimol, 63.6 % vield) was made from [-074 and [-19 via the
procedure described for 1-04B. 'H NMR (400MHz, CDCI:} 8 7.70 (d, J=11.0 Hz, 1
H), 7.54¢d, J=T5Hz 1H), 547 -519¢(m, 1 H), 299 (d, J=103 Hz, 2H). 275 - 2.60
(m. 1), 2.39 - 2.28 (m. 1 H); F NMR (376MHz, CDCL) §-132.29 (s, 1 F):;

10 LC-AMS: method H, RT = 0.97 min, MS (ESI) m/z: 316.0 and 317.8 (M+H)".

Intermediate [-07:

Intermediate 1-07 (0.54 g, 1.697 mumol, 66.2 % vield) was made from I-07B (0.81 g,

2.56 mmol) as a white solid via the procedure described for 1-04. 'TH NMR (400MHz,
15 CDCLYST771 (=110 Hz 1 H), 7.25(d, /=77 Hz, 1 H), 486 -475{m, 1 H), 461

-4.49 (m. 1 H), 2.66 (d, J=8.6 Hz, 1 H), 2.40 - 2.27 (m, 2H), 2.25 - 2.10 (m, 2H); °F

NMR (376MHz, CDCl:) 8 -132.86 (s, 1 F): ZC-MS: method H, RT = 0.90 min, MS

(ESI) m/z: 318.0 and 320.0 (M+H)".

20 INTERMEDIATE 1-08

cis-2-{{2-bromo-5-fluorobenzofdjthiazol-6-yoxvicyclobutanc! enantiomer 1

P

(1-08)

INTERMEDIATE [-09

25 cis-2-{{ 2-bromo-3-fluorobenzofdjthiazol-6-v1yoxy yevelobutanol enantiomer 2
0. J
HO ( 1-09)
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1-07{740 mg, 1.8 mmol) was separated by chiral SFC to afford I-08 (peak 1, 243 mg,
33%, retention time: 8.38 min, >99% eg) and 1-09 (peak 2, 261 mg, 35%, retention
time: 13.14 min, >99% ee); Columm: Chiralcel AD-H, 30 x 250 mm, 5 micron;
Mobile Phase: 20% MeOH / 0% CO2: Flow Conditions: 85 mL/min. 150 Bar, 40°C;
Detector Wavelength: 220 nm; Injection Details: 1 mL of 35 mg/mL in MeOH/ACN

4:3.

INTERMEDIATE [-10

F N
=
O S
OH

F (1-10)

Intermediate I-10A: {cyclopent-3-en-1-yvioxy jtriisopropylsilane

1A
)_

{(1-10A)

Cyclopent-3-enol (2.1 g, 24.97 mmol) was dissolved in CH2Cl (30 mbL). TIPS-(]
(10.58 mL, 49.9 mimol} was added, followed by imidazole (3 40 g, 49.9 mmol). The
mixture was stitred at room temperatuwre for 2 days. White solid was filtered out and
washed with small amount of BCM. The organic solution was evaporated and the
residue was purified by silica gel chromatography (80 g silica gel colurom, 0-30%
EtGAc/hexane gradient). Removing solvent gave
{cyclopent-3-en-1-yloxyritsopropylsilane (4.92 g, 20.46 mmol, 82 % vieldyas a
colorless oil. "H WMR (400 MHz, CDCL): 6 ppm 5.67 (2 H, 5), 4.63 (1 H, t, /=3.63
Hz), 2.62 (2 H, dd, J=14.97, 6.82 Hz), 2.20 - 2.45 (2 H, m), 1.00 - 1.13¢21 H, m).

intermediate 1-10B: cis-4-((trisopropyisilyDoxy yeyclopentane-1.2-diol

o
[

PCT/US2017/041868
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TIPSO

OH
HO (1-10B)

{Cvclopent-3-en-1-yioxy)triisopropylsilane (4.9 g, 20.46 numol) was dissolved in THF
{50 mbY/water (6 ml), NMO {(2.88 g 24 55 mmol) was added, followad by osmium
tetroxide {1.605 mi, 0.205 mumol). The mixture was stirred at room temperature
overnight (TLC was used to follow the reaction). On the next day, the reaction was
diluted by adding 50 mbL of EtOAc and 40 mL of sat. Nax8205 (aq.) solution. After
stirring for 5 minutes, the layers were separated, and the organic phase was washed
with brine, dried on anhydrous NazSC4, filtered and concentrated in vacuo {(attention:
product sublimes). The crude product was purified by silica gel chromatography (80g,
0-100% EtOAc/hexane gradient). Removing solvent gave
cis-4-{{irtisopropylsilylioxyjeyclopentane-1.2-diol (4.86 g, 17.71 mumol, 87 % yield)
as a white solid. "H NMR (400 MHz, CDCl): S ppm 4.53 (1 H, dt, /=677, 3.33 Hz),
430 (2H, brs), 220 (2H, ), 1.98-2.10(2H, m), 1.85-1.98 (2 H, m), 0.96 - 1.14
Z1H, oy

Intermediate [-10C:

{ritsopropyi{{cis-{3a.6a)-2-pheny ltetrahy dro-3aH-cy clopentald}i 1.3 |dioxol-5-yDoxy)s

0
(IO
o (1-10C)

To astirred solution of L10B (2.18 g, 7.94 mmol) m DCM (35 mL) at room

ilane

temperature was added (dimethoxymethylybenzene (1. 788 mb., 11.91 mmol) and
pyridine 4-methylbenzenesulfonate (PPTS) (0.794 mmol). The solution was stirred at
room temperature for 4 howrs. Then reaction mixture was washed with brine, dried
over anhydrous NaxSOy, filtered and concentrated. The crude product was purified by
silica gel chromatography (120 g silica gel column, 0-50% EtOAc/hexane gradient).
Removing solvent gave

trissopropyi{{cis-(3a,6a)-2-pheny ltetrahy dro-3aH-cvclopentiald} 1,3 ]dioxol-5-yDoxy s

lane (3.03 g, 8.36 mmol, 105 % yield) as an otl. 'TH NMR (400MHz, CDCl:): 6 7.50 -

PCT/US2017/041868
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7.42 (m, 2H), 7.42 - 7.37 (m, 3H), 5.61 (s, 1 H}, 4.76 - 4.65 (m, 3H), 2.32 (dd, J=14.2,
6.1 Hz, 2H), 1.73 - 1.62 (m, 2D, 1.12- 1.01 (m, 21 H)

Intermediate [-10D:;
cis-{3a,6a)-2-phenyltetrahy dro-3aH-¢cy clopentald}] 1,3 |dioxol-5-ol

0
<L)
o (1-10D)

I-10C (3.0 g, 8.27 mmol} was dissolved in THF (30 mL). TBAF (12,41 mL, 12.41
mmol} solulion was added. The mixture was heated at reflux for 1 hour. Afler cooling
to room temperature, the solvent was removed and the crude product was added to a
stlica gel {80 g column and was eluted with 0-100% EtOAc/hexane. The desired
fractions were collected and evaporaied to give

cis-{3a,6a})-2-phenyHetrahy dro-3aH-cyclopentald}f 1,3} dioxol-5-0l {1.46 g, 7.08
mmol, 86 % vield) as the product. 'H NMR (400 MHz, CDC) S ppm 7.45-7531 (2
Hm,735-744CGH m), 5620 H, 5,471 -474 Q2 H m), 468(1H,s), 2382
H, dd, J=14.31, 5.94 Hz). 1.60 - 1.75 (3 H, m).

Intermediate I-10E:

cis-(3a,6a)-2-phenyldihvdro-3aH-cyclopentaldf 1.3} dioxol-5(4H}-one
@)
o~ Ly~
C (1-10E}

10D (1,46 g, 7.08 ramol) was dissolved m DCM (30 mbL) cooled to 0 °C, and
sodium hydrogen carbonate (1.784 g, 21.24 mmol) was added, foliowed by
Dess-Martin periodinane (3.60 g, 8.50 mmol). The mixture was stirred at room
ternperature for 2 hours, then the reaction was diluted by adding 30 mL of DCM and
30 mbL of sat. Na8:0s (aq.) solution. After stirring for 10 minutes, the layers were
separated, and aq. laver was extracted with DCM (30 mL x2). The combined organic
phases were washed with brine, dried over anhydrous NaxSQ., filtered and
concentrated. The crude product was added to a silica gel (80 g) colunmm and was
eluted with 0-50% EtOAc/hexane. The desired fractions were collected and solvent
was removed 1o give
cis-(3a,6a)-2-phenyldihvdro-3aH-cyclopentajd]f |, 3]dioxol-5{(4H)-one (1.10 g,5.39
57
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mmol, 76 % vield) as oil. 'H NMR (400 MHz, CDCls) § ppm 7.46 (2 H. d, /=3.74
H2), 738 - 7.42 (3H, m), 588 (1 H, ), 4.97 (2 H. d. J=0.88 Hz), 2.63 - 2.68 (4 H. m).

Intermediate 1-10F:

3 cis-(3a,6a)-3,5-difluoro-2-phenyHetrahy dro-3aH-cy clopentaldf 1 3]dioxole

L)
F o (I-10F)

To a solution of -10E {1.29 g, 6.32 mmol) in BCM (20 mlL} was added deoxofluor
(3.49 mL., 18,95 mmol), and the reaction mixture was stirred at room temperature for
42 h. Then 5 mL of water was added slowly and the mixture was stirred for 5 minutes.
10 The reaction was diluted by adding 30 mL of DCM and 30 mL of water. After
separation, the agueous layer was extracted by DCM (30 ol x 2). The combined
organic phases were washed with sat. NaHCO;3, brine, dried over anhydrous NaxSQu,
filtered and concentrated. The crude product was purified by silica gel
chromatography (40 g, 0-50% EiOAc/hexane gradient). Removing the solvent gave
15 cis-(3a.6a)-5.5-difluoro-2-phenyltetrahy dro-3aH-cyclopentald}f 1.3 ]dioxole (1.04 g,
4.60 momol, 72.8 % vield) as a white solid. "H NMR (400 MHz, CDCL): 6 ppm 7.50 -
758 (2 H, m), 7.37 - 7.45 (31, m), 5.70 (1 H, d. J=0.66 Hz), 4.73 - 4.85 (2 H, m),
2.49-2.66 (2H, m). 2.23-244 (2 H, m); PF NMR (376MHz, CDChLY -86.87 to
9015 (m, 1 F), -92.38 10 -97.06 {m, 1 F).
20
Intermediate I-10G: cis-4,4-difluorocyclopentane-1,2-diol
£ F
OH
HO (1-10G)

To a solution of 1-10F (1.04 g, 4.60 mmmoly in MeOH (30 mL) was added Pd-C (0.489

g, 0.460 mmol). After degassing, the reaction mixture was treated with Hz2 (1 atm.) at

W

room temperature for 18 hours. On the next day, the catalyst was filtered with a celite

b2

pad. The filier cake was washed with MeOH. The filirate was evaporated to give
cis-4,4-difluorocyclopentane-1,2-diol (628 mg, 4.55 mmol, 99 % vield) as a white
solid. TH NMR (400 MHz, CDCELY Sppm4.12-436 2 H, m), 2.24 - 2.53 (4 H, m),

1.39 - 2.07 (2 H. br): ""F NMR (376MH7, CDCh): -§1.58 (o -87.32 (dd. 2F).
58
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Intermediate I-10H: cis-4,4-difluoro-2-(2-fluoro-4-mirophenoxy jovclopentanol

g F

NO,
o)
HO

F (1-10H)
100G (242 mg, 1.752 yomol) was dissolved in anhyvdrous THF (10 mL) and cooled to
5 0°C. Potassium tert-butoxide (177 mg, 1.577 mmol) was added in several parts. After
stirring for 30 minutes, 1,2-difluoro-4d-nitrobenzene (251 mg, 1.577 mmol) in 3 mi of
THF (3 mi) was added dropwise. The mixture was stirred at room temperature for 24
hours. On the next day, the solvent was removed on the rotary evaporator. The residue
was dissolved in EtOAc and washed with water, brine, driad over anhydrous Na:SQ4,
16 filtered and concentraied. The crude product was added 1o a silica gel column (24 g)
and was eluted with 0-100% EtOAc/hexane gradient. The desired fractions were
evaporated to give cis-4,4-difluore-2-(2-fluoro-4-nitrophenoxy yevclopentanol (291
mg, 1.050 mmol, 59.9 % vield) as the product. 'H NMR {400 MHz, CDCls) § ppm
780-817(CH. m),7.02-716 A H. m), S14 (1 H, , =484 Hz), 486 (1 H. &
15 J=5.06 Hz), 4.42 - 4.62 (1 H, o), 2.49 - 2.92 (4 H. n); °F NMR (376 MHz, CDCl3) &
ppm -893010 -81 352 F, m), -127.76 (1 F, g}

Intermediate I-101: cis-2-(4d-amino-2-fluorophenoxy }-4.4-diftuorocvclopentanol
£ F
NH,

0
HO
F (1-101)

20 I-10H (290 mg, 1.046 mmol) was dissolved in MeOH (20 mL). After degassing, the
mixture was freated with Ha (1 atm} for 3 hours, which was catalyzed by Pd-C (557
mg, 0.052 mmol). Then the catalyst was filtered on celite. The filter cake was washed
with a small amount of MeOH, and the solution was evaporated to give
cis-2-(4-amino-2-fluorophenoxy }-4,4-difluorocy clopentanol (259 mg, 1.046 mmol,

25 100 % vield) as a crude product, used in next step without purnification. LC-AMS:

method H, RT = 0.35 min, MS (ESI) m/z: 2481 (M+H)".
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Intermediate 1-10]:

¢is-2-{(Z-amino-5-fluorobenzold]thiazol-6-yhoxv)-4.4-diflacrocy clopentanol

NH,
FF s—(
N

HO
F (1-103)

To a solution of I-10f (53 mg, 0.214 mmol} in acetonitrile (5 mL} was added
ammonium thiocyanate (19.58 mg, 0.257 mmol}. The nuxture was stirred at room
temperature for 10 min until all of the NHiSCN dissolved, followed by the addition of
benzyltnmethylammonium trbromide (100 mg, 0.257 mmol) in I mi of ACN. The
solution turned vellow and deposited fots of solids, then gradually turned white over
time. The mixture was stirred at room temperature overnight. On the next day, the
mixture was diluted with sat. NaHCO: {ag., 10 mL) and EtOAc (20 mL), and the aq.
faver was extracted with EiOAc (10 mL). The combinead organic layers were washed
with brine and dried with anhydrous NaxSOy, filtered and concentrated. The crude
product was added to a silica gel (12 g3 column and was eluted with 0-100%
EtOAc/hexane. Solvent was removed from the desired fractions to give
cis-2-{{2-amino-3-fluorobenzo|dithiazol-6-vioxv)-4,4-difluorocyclopentanol (23 mg,
0.076 mmol, 35% vield). ZC-M5: method H, RT = 0.62 min, M5 (ESH mz: 3051
(M+H)'

Intermediate I-1¢:

Tert-butyvl nitrite {11.69 mg, 0.113 mwmol) was added o copper(Fl) bromide (25.3 mg,
0.113 mmol) in dry acetonitnile (2 mL) under N2, The nmuxture was stured at room
ternperature for 10 min. A suspension of
cis-2-{{2-amino-S-fluorobenzofdthiazol-6-vhoxy)-4,4-difluorocyclopentanol (23 mg,
0.076 romol) in acetonitrile (2 mL) was added to the reaction slowly by a pipetie. The
reaction mixture was stirred at room temperature for 1 h. The reaction mixture was
diluted with EtAc (20 mL) and 10 mL of 0.5M H{I (aq.). After separation, the
organic faver was washed with 0.5 N HCI (10 mL), sat. brine (10mL) and dried over
sodium sulfate, filtered and concentrated on rotary evaporator to give the crude
product. The crude product was added 1o a silica gel {12 g) colummn and was eluted
with 0-100% EtOAc/hexane. Solvent was removed from the desired fractions to give

60
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cis-2-((Z-bromo-S-fluorobenzof d{thiazol-6-yoxy -4, 4-difluorocy clopentanol {(12Zmg,
0.033 mmol, 43.1 % vield) as the product. '"H NMR (400 MHz, CDClz): 8 ppm 7.75
(1 H, d.J=10.78 Hz), 7.41 (1 H. d, J=7.70 Hz). 474 (1 H, d, J=4 84 Hz), 445 - 455
(1 H, m}, 2.40 -2.71 (3 H, m); "*F NMR (376 MHz, CDCl3): ppm -88.86 to -80.22

5 (2535F, my, -131.38 (165 F, ¢y, LCMS method H, RT = 0.93 mun, MS (ESD m/z
367.9 and 369.9 (M+H)".

INTERMEDIATE [-11
10 {cis}-2-({2-bromo-3-fluorobenzo| djthiazol-6-vijoxy -4 4-difluorocy clopentanol

enantiomer |

F N
ges
S

Q ~OH
F
F

INTERMEDIATE 1-12

(d-11)

enantiomer 2

F N
XX
0 S

OH

F
F (1-12)

[-10 (82 mg, 0.22 mmol) was separated by chiral SFC to afford I-11 (peak 1, retention
fime 8.00 min, 16 mg, 20%, >99% ee) and 1-12 (peak 2, retention timme 9.46 mun, 18

20 mg, 24%, >99% ee): Column: Chiralpak 1D, 20 x 250 mm, 5 nucron; Mobile Phase:
15%MeOH / 85% CO2; Flow Conditions: 45 mbL/min, 150 Bar, 40°C; Detector
Wavelength: 220 nim; Ingection Details: 0.5 ml of 11 mg/ ol in MeOH.

INTERMEDIATE I-13

)
(V4

rac-cis-2-{{2-bromo-5-fluorobenzoldithiazol-6-voxy)-4,4-dimethvicyclopentanol

61
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F N
T
0 S
OH

(1-13)
Intermediate I-13A; dimethyl 3,3-dimethyipentanedioate

| |
OMO
0] O  (1-13A)

3, 3-dimethyipentanedioic acid (4 g, 24.97 nymol} was dissolved in MeOH (40 ml)

N

cooled at -5 °C. Thiony! chloride (4 mL, 54.8 mmol) was added dropwise. After
addition, the reaction mixture was stirred at room temperature for 4 hours. Then
methanol was removed in vacuo at room temperature and the residue was dissolved in
10 50 mb of EtOQAc. 50 mbL of NaHC (s {ag.) solution was added with stirring. After
stirring for 5 minutes, the layers were separated. The organic phase was washed with
brine, dried over anhvdrous Na:S04, filtered and concentrated to give dimethyl
3.3-dimethylpentanedioate (4.5 g, 23.91 mmol, 96 % vield) as a colorless oil. 'H
NMR (400 MHz, CDCls): 8 ppmi 3.66 (6 H. s), 243 (4 H, 5), 112 (6 H. 5)
15
Intermediate I-13B:
((4,4-dimethvicyclopent-1-ene-1,2-divi)ybis{oxy bis(trimethyvisilane}
—Si—
O \/

Si—
/
@]

(1-138)
Sodium (0.660 g, 28.7 mmol, precut as small pieces) was dispersed in anhydrous
20 toluene (S0 ml) in a pre-dried 300 mL, 3 neck round bottom flask. At reflux, TMS-(1
{4.07 ml, 31.9 mmol) was added by syringe rapidly. Then I-13A (1 g, 5.31 mmol} in
10 mL of anhydrous toluene was added to the reaction over a period of 15 minutes.
The maxture was refluxed overnight. On the next day, after cooling to RT, the reaction

mixture was passed through a celite pad. The filter cake was washed with EtOAc

W

several times. Then the combined organic solution was evaporated on the rotary

b2
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evaporator, and the residue was loaded on an 80 gram silica gel column. The product
was eluted with 0-100% EtOAc/hexane. The desired fractions were collected and
evaporated to give

({(4,4-dimethylcyclopent-1-ene-1.2-divibis{oxy Iibis(trimethylsilane} (1.04 g, 3.82
mmol, 71.8 % vield) as a colorless oil 'H NMR (400 MHz, CDCI3) § ppm 2.07 (S H,
s), 1.09 (7 H, s). .19 (18 H. s).

Intermediate I-13C: 2-hvdroxy-4,4-dimethylcyclopentanone
©]

7E& >
(1-13C)

I-13B (1.04 g, 3.82 mmol) was dissolved in THF {10 mL) and HCI {0.382 mL., i1M)
aqueous solution was added. The mixiure was refluxed for 3 hours. 1 eq. of NazCGOs
solid was added and the nuxture was stirred at room temperature for 5 minutes. Then
the reaction was diluted by adding 30 mL of DCM and 20 mL of water. After
separation, the organic phase was washed with brine, dried over anhydrous Nax8Oq,
filtered and concentrated to give 2-hydroxy-4,4-diroethylevclopentanone (199 mg,
[.553 numnol, 40.7 % vield) as a colorless oil. TH NMR (400 MHz, CDCL) & ppm 4.22
~434 (0 H, m)y, 227 (2 H, dt, =336, 151 Hzy, 2101 H, 5), 205 (1 H, 93, 1203 H,
sy, 1.17 (3 H. s).

Intermediate I-13D: 4, 4-dimethv]-2-oxocy clopeniyl methanesulfonate

0 0

o Y/
s
(0]
(1-13D)

Mesy1-Cl (0.288 mL, 3.70 mmol} was added dropwise into the solution of
2-hvdroxy-4,4-dimethylcyclopentanone (237 mg, 1.849 mmol) in anhydrous pyridine
{4 mL) cooled to { °C under N»2. The mixture was stirred at O °C for 3 hours. Then the
reaction was diluted by adding 30 mL of BCM and was washed with water, 1N HCI
{15 mL x 2), brine, dried over anhydrous NazS04, {iltered and concentrated (o give
4.4-dimethyl-2-oxocyclopentvl methanesulfonate (322 mg, 1.561 mamol, 84 % vield)

as a colorless oil. 'H NMR (400 MHz, CDCIs) 8 ppm 5.09 (1 H, dd, J=9.68, 9.02 Hz),
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3.21 (3.5}, 2.39 (1 H, ddd, J=13.15,8.75, .87 Hz), 2.16-2.33 (2 H, m), 1.95 (1 H,
dd, <1298, 1012 Hz), 1.24 G H, s), 1L I6 3 H., )

Intermediate I-13E: 2-chloro-4 4-dimethylcyclopentanone
O

7[‘}@
(-13F)

4 4-dimethyl-Z-oxocyclopentyl methanesulfonate (241 mg, 1.168 numnol) was

[

dissolved m ether (4 ml). Tetrabutylammonium chlonde hydrate (1383 mg, 4.67

mmol} was added. The mixture was stirred at 25 °C overnight. On the next day, the
10 reaction was diluted by adding 20 mL of E2O and 15 mb of water. After separation,

organic phase was washed with brine, dried over anhydrous Na:504, filtered and

concentrated to give 2-chloro-4,4-dimsethylcyclopentanone (101 mg, 0.689 mimol,

59.0 % vield). H NMR (400 MHz, CDCEY: S ppm 4.10- 420 (1 H. m), 2.23-232 (1

H,om), 2102 H, d, =330 Hz), 1.80 (1 H, dd. /=13.42, 10.12 Hz), 1.09 (3 H, s). 0.96
15 (3H. )

Intermediate 1-13F:

2-{{2-bromo-3-fluorobenzoldjthiazol-6-ylyoxy -4 4-dimethyicy clopentanone

Br

SAN
76 v
(1-13F)

2-Bromo-5-fluorobenzoldjthiazol-6-0l (50 mg. 0.202 mmol) was mixed with

20

2-chloro-4,4-dimethyicyclopentanone (100 mg, 0.682 mumol} in anhydrous DMF (2
mL}. K2COs (111 mg, 0.806 mrmol) was added. The mixture was stirred at 60 °C for 5
hours. After cooling to RT, the reaction mixture was diluted by adding 20 ml of

FtOAc and washed by 15 mbL of water, brine, dried over anhydrous NaxSQOq, filtered

[\
(9

and concentrated. The crude product was purified by silica gel chromatography (24 ¢
column, 0-100% EtOAc/hexane). Desired fractions were collected and evaporated 1o
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give 2-{(Z-bromo-S-fiuorobenzo{djthiazol-6-yHoxy }-4 4-dimethylcy clopentanone (20
mg, 0.056 mmol, 27.7 % vield) as a white solid. 'H NMR (400 MHz, CDCl3) 8 ppm
7.69 (1 H. d. J=10.78 Hz), 7.56 (1 H, d, J=7.70 Hz), 4.78 (1 H. , J=8.69 Hz). 2.38 (1
H,odd /=1331,847Hz), 232 CH, 3,204 (1 H, dd, /=13.20,902 Hz), 1. 28 3 H,
5), 1.19 (3 H, ), F NMR (376 MHz, CDCL) 6 ppm -131.80 (1 F, s}, LO-MS:
method H, RT = 1.13 min, MS (ESI) m/z: 358.0 and 360.0 (M+H)Y"

Intermediate 1-13:
Intermediate I-13(20 mg, 0.056 mmol, 100% vield} was obtained from Intermediate
[-13F (20 mg, 0.056 mimol) via same procedure described for 1-04. ZC-A4S: method

H., RT =113 min, MS (ESI) m/z: 360.0 and 362.0 (M+H)".

INTERMEDIATE 1-14

rac-ci1s-5-((2-bromo-5-fluorebenzofdjthiazol-6-voxy)-2,2-dimethvicy clopentanol
F N
L=
O S
HO

Intermediate I-14A; 5-chloro-2,2-dimethyicyclopentanone

O

o~
(I-14A)

To a solution of 2,2-dimethvicvclopentanone (1.0 g, 892 mmol} in DCM (20 mi) at O
°C, suifwyl chloride {0.797 mb, 9.81 mmol) was added slowly. After addition, the
reaction mixture was stirred al room lemperature overnight. On the next day, the
reaction roixture was dituted by adding 20 ml of DCM and poured mto 30 ml of sat.
MNaHCO:s {ag.) solution/ice. After stirring for 10 minutes, the mixture was transferred
inio a separation funnel. Layers were separated, and organic phase was washed with
20 mL of sat. NaHCOs3{aq. ) solution, brine, dried over anhydrous NazSQ4, filtered and
concentrated to give 5-chloro-2,2-dimethylcyclopentanone (1.46 g, 9.96 mmol, 112 %

yield) used in the next step without purification.
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Intermediate 1-14B8:

5-4(2-bromo-5-luorcbenzof dlthiazol-6-yoxy )-2, 2-dimethyicy clopentanone

F N
> L=
0O S
O (

I-14B (78 mg, 0.218 mmnol, 40.6 % vield) was made from 1-19 {133 mg, 0.536 mmol)
and 1-14A (1.4 g. 9.55 mumol) via the procedure described for I-01A. TH NMR
(400MHz, CDCE) 8 7.69 (d, J=11.0 Hz, 1 H), 7.57 (d. /=7.5 Hz, 1 H), 472 (dd,
J=0.2, 8.1 Hz, 1 H), 2.46 (m, 1 H), 2.21 - 2.08 (m, 1 H), 2.08 - 1.98 (m, 1 H), 1.79
(ddd, J=13.1.10.7. 6.7 Hz. 1 H), 1.18 (d. J=4.4 Hz, 6H); °F NMR (376MHz. CDCl:)
0 -131.71 (s, 1 F); LC-MS: method H, RT = 1.12 min, MS (ESI) m/z: 358.0 and 360.0
(MHHY

I-14B)

Intermediate -14:

1-14 (36 mg. 0.100 numol, 49.7 % yield) was made from -14B (0.072 g, 6.201 nuwvol}
by following the same procedure in {01, TH NMR (400 MHz, DMSO-ds) 6 ppm 7.95
(1 1, d,.J=8.36 Hz), 7.86 (1 H, d, J=11.66 Hz), 477 - 4.84 (1 H. m), 4.64 (1 H, d,
J=5.94Hz), 370 (1 H, , /=528 Hz), 2.09-223 (1 H, m), 1.72- 1.85 (1 H, m), 1.58 -
171 (1 H, m), 1.34 (1 H, ddd. J=12.54. 9.24, 6.38 Hz). 1.01 (6 H. d. J=2.42 Hz): '°F
NMR (376 MiHz, DMSO-de) 8 ppm -132.99 (1 F, s}, LO-MS: method H, RT = 1.12
min, MS (BSI) m/z: 360.0 and 362.0 (M+H)".

INTERMEDIATE I-15

rac-cis-4-((2-bromo-S-fluorcbenzo|djthiazol-6-yoxy etrahydrofuran-3-ol

F N
e
0 S
(b‘OH
0]

(1-15)
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Intermediate [-13A;

{rans-4-((2-bromo-S-fluorobenzoldjthiazol-6-y Doxy etrahy drofuran-3-ol

F N
e
o) S
én\\\OH
0]

I a vial charged with a stirring bar, I-19 (300 mg, 1.209 mmol) was mixed with

(I-15A)

potassium carbonale (251 mg, 1.814 mmol) m 3,6-dioxabicyclo]3.1.0thexane 2 mlL,
1.209 mumnol /DMF (1 mL). The mixture was stirred at 100 °C for 1 hours. The
reaction was diluted by adding 30 mL of EtOAc and 20 mL of water. After
separation, aqueous layer was extracted with EtOAc (20 mL x3). Organic phases were
combined and washed with brine, and concentrated. The crude product was purified
by silica gel chromatography (24 g column , 0-100% EiQAc/hexane gradient),
Collecting the desired fractions and removing solvent gave
trans-4-{(2-bromo-S-fluorobenzofd thiazol-6-y Doxy Yetrahy drofuran-3-ol 207 mg,
0.619 mmol, 51.2 % vield) as a white solid. F NMR (376MHz, DMSG-ds) §-133.27
(s, 1 F);

H NMR (400MHz, DMSO-ds) 87.97 (d. /=1 5 Hz, 1 H), 7.97(d, /=18.0 Hz, 1 H),
553(d, J=4.0Hz 1 H), 477 (4, J=4.0 Hz, 1 H), 430 (brs, 1 H), 4.07 (d, J=4.2 Hz, 1
H), 3.95 (d, J=4.6 Hz, 1 H), 3.62 (dd, J=9.5, 2.0 Hz, 1 H): LC-MS: method H, RT =
0.80 mun, MS (ESID) m/z: 334.0 and 335.9 (M+H)".

Intermediate 1-15B:

4-{(2-bromo-5S-fluorobenzof dthiazol-6-yNoxy Ydihy drofuran-3(2H}-one

0O
o8
o S
g
F N (1-15B)

-15A (202 mg, 0.604 mmol} was suspended in CH2Clz (5 mb) and was treated with
Dess-Martin pertodinane (385 mg, 0.907 mmol) at room temperature for 18 hours.
Then the reaction was diluted by adding 15 mL of DCM and was washed with sat.
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NazS20s {ag., 10 mL <2} solution, brineg, dried over anhydrous Na:850u, filtered and
concentrated. The crude product was purified by silica gel chromatography (40 g
column, 0-100% EtQAc/ hexane). The desired fraciions were collected and the solvent
was removed o give

5 4A(2-bromo-S-fluorobenzof d fthiazol-6-yoxy dihy drofuran-3(2H)-one (183 mg,
0.551 mmol, 91 % vield) as the product. 'H NMR (400MHz, DMSO-ds) § 8.09 (d,
J=8.1Hz, 1 1), 7.98 (4, J=11.4 Hz, 1 1), 5.25 (1, J=7.4 Hz, 1 H), 4.66 (dd. J=9.9, 7.3
Hz, 1 H), 4.24 - 4.08 (m, 2H), 4.03 (dd, /=9.5, 7.4 Hz, 1 H); 1F NMR (376MHz,
DMSO-ds) 6 -133.15 (5, 1 ¥y, LO-MS: method H, RT = 0.89 min, MS (EST) m/z:

10 331.9 and 334.0 (M+H)"

Intermediate I-13;
I-15 (178 mg, 0.533 mmol, 97 % vield) was made from I-15B (182 mg, 0.55 mmol}
as a white solid, by following the same procedure described for 1-01. 'TH NMR

15 {400MHz, DMSO-d:} 6 8.01 {(d, /=84 Hz, 1 H), 7.92(d, /=11 4 Hz 1 H), 5.18 (d.
JE3OHz TH)Y, 486(d, /=53 Hz, 1H), 454444 (m, 1 H), 4.09{dd, J=96, 5.6 Hz,
| H), 3.93 (dd. J=8.7, 5.8 Hz. | H), 3.82 (dd. /=96, 4.5 Hz, 1 H), 3.62 (dd. J=8.8. 5.5
Hz, 1 H): PF NMR (376MHz, DMSO-de) 8 -132.88 (5. 1 F); LC-MS: methed H, RT =
(.76 min, MS (ESI) m/z: 334.0 and 335.9 (M+H)"

20
INTERMEDIATE I-16
rac-cis-3-{(2-bromo-S-fluorcbenzoldthiazol-6-vhoxy fetrahy dro-2H-pyran-4-ol
o F N
L=
0 S

OH (1-16)

25 Imtermediate [-16:

I-16 was made from commercial available dihvdro-2H-pyvran-4{(3H)}-one by following
the same procedure described for I-14 (o give a white solid. "H NMR (400MHz,
CDCLY B 7.73(d, =108 Hx, 1 H), 749 (d, J=7.5Hz, 1 H}, 4.37 (dt, J=6.6,3.3 Hz, 1
Hy, 418 (brs, 1 H), 403 -3.88(m, 2H), 3.71 (dd, /=11.9,33 Hz, 1 H}, 3.65 -3.55
300 (o, PH)Y. 237¢d, =55 Hz 1 H). 2.13-2.02 {m, 1 H), 1.97 - 1.85 {(m, | H), YF NMR
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(376MHz, CDCL3) §-131.18 (s, 1 F); LO-AMS: method H, RT = 0.78 min, MS (EST)
vz 34%.0 and 349.8 (M+H)"

5 INTERMEDIATE I-17
rac-cis-tert-butyl
3-((2-bromo-S-fluorobenzoldithiazol-6-vyoxy }-4-hvdroxypiperidine- I -carboxylate

Boc
N F N
X
0 S
OH {1-17}

10 Intermediate I-17A: tert-butyl

3-{(2-bromo-3-fluorobenzol djthiazol-6-yoxy }-4-oxopiperidine--carboxylate
O
0 S
Qe
N” F N
Boc (I-17A)

2.419 mmol) was nixed with 1-19 (500 mg, 2.016 mumol) in DMF (10 mL). KoCOs

-
(93}

(#36 mg, 6.05 mmol) was added to the reaction. The mixture was stirred at 60 °C for
4 howrs. After cooling to RT, the reaction was diluted by adding 50 mb of EtOAc and
30 mi of water. After separation, the agueous laver was extracted with 20 mL of
EtOAc twice. The combined organic phases were washed with brine, dried over
anhydrous Na:50, filtered and concentrated. The crude product was purified by

20 silica gel chromatography (40 g column, 0-100% EtOAc/hexane gradient). The
destred fractions were collected and the solvent was removed to give tert-butyl
3-{(2-bromo-5-fluorobenzof djthiazol-6-yoxy }-d-oxopiperidine-1-carboxylate (779
mg, 1.749 mmol, 87 % yield). LO-ALS: method H, RT = 1.1 min, MS (EST) mv/z: 445.0
and 447 0 (M+HY"

Intermediate I-17:
Y7A (779 mg, 1.749 romol) was dissolved in anhyvdrous THF (10 mL) and cooled to

=78 °C under Nz. L-Selectride (1.749 ml., 1.749 mamol) was added dropwise. The
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reaciion was stirred at -78 °C for 2 hours. Then the reaction was warmed to RT. At the
same fime, the reaction was quenched by adding sat. NHaCl (aq. ) solotion slowly and
diluted by adding 30 mL of EtOAc. After separation, the organic phase was washed

with brine, dried over anhvdrous NaxSO4, filtered and concentrated. Crude product

Wh

{634 mg, 1.4 mmol, 81% vield} was used without purification. ZC-MS: method H, RT
=11 min, MS (EST) m/z: 447.0 and 4491 (M+H)"

INTERMEDIATE I-18

10 OH (1-18)
In DMF (1 mL}, |-19 {200 mg, 0.806 mmol) was mixed with
T-oxabicyclo[4. 1 .Otheptane {1 mL, 0.806 mmol} and Cs2C0Os (315 mg, 0.967 mmol).
The mixture was stitred at 100 °C for | hour. After cooling to RT, the reaction was
diluted by adding 20 mL of EtOAc, and 20 mbL of Water. After separation, the ag.

1§ layer was extracted with EtOAc (10 mL x2}. The combined organic phases were
washed with brine, dried over NaxSOs, filtered and concetrated. The crude product
was purified by stlica gel chromatography (24 g 0-1009% FiOAc/hexane). Removing
the solvent gave [-18 (35 mg. 0.101 mmol, 12.54 % vield} as a white solid. ZC-A4S:
method H, RT = 1.00 min, MS (EST) m/z: 345.9 and 348.0 (M+H)".

20

INTERMEDIATE 1-19

2-bromo-5-fluorobenzoldjthiazoel-6-0l

25 Intermediate [-19A: S-fluoro-6-methoxybenzo|djthiazol-2-amine

F N
DH—NH,
\O S
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To a solution of 3-fluoro-4-methoxyaniline (2.1 g, 1488 mmol} in acetonitrile {50
mbL} was added ammomium thiocyanate (1.472 g, 19.34 mimol). The mixture was
stirred at room temperature for 10 roinutes until all of the NHaSCN dissolved,
followed by the addition of benzylirimethylammonium tribromide (5.80 g, 14.88
mimol}. The reaction solution turned vellow immediately and deposited lots of solids,
and gradually turmed white over time. The reaction was stirred over two nights. Then
most of the solvent was removed on rotary evaporator, 100 mi sat. NaHCOs3 was
added to the mixture and stirred vigorously for 30 minutes. The solid was filtered and
washed with water. The collected solid was coesvaporated two times with toluene {o
remove residual water. Then the solid was dried on HVAC thigh vacuum) to give
intermediate 1-19A (3.16 g 15.94 mmol, 107 % vield) as a white solid. *H NMR
(400MHz, DMSO-ds) § 7.51 (d, J=8.6 Hz, 1 H). 7.35 {s. 2H). 7.17 (d, /=12.3 Hz, 1
H), 3.80 (5, 3H); °F NMR (376MHz, DMSO-de) §-137.92 (s, 1 F); LC-MS: method
H, RT = 0.55 mun, MS (ESI} m/z: 1991 (M+H)"

Intermediate I-19B: 2-bromo-5-fluoro-6-methoxybenzo|djthiazole

F N
S—Br
LI

tert-Butyl nitrite (1.686 g, 16.35 mmol} was added to copper{il) bromide (3.65 g,

(1-19B)

16.35 mmol} in dry acetonitrile {50 mL) vnder N2, The mixture was stirred at room
temperature tor 10 nun. A suspension of [-19A {2.16 g, 10.9 mimol) in acetonitrile (40
mk.} was added dropwise. The reaction mixture was stirred at room temperature for 6
hours. LC/MS indicated a clean reaction. The reaction was concentrated to almost
dryness under vacuum, and was diluted with EtOGAc {100 mL) and 50 mil of ¢.5M
HCl {aq.). After separation, the organic layer was washed with 0.5 N HCl (40 ml. x
23, sat. brine (30mL} and dried over sodium sulfate, filtered and concentrated on
rotary evaporator to give crude product. This was dissolved in EtOAc {40 ml) and
dry-loaded onto silica gel, and purified (80g silica gel coluron, 0-100% EtOAc/hexane
gradient). Removing solvent gave I-19B (1.42 g, 5.42 mmol. 49.7 % yield) as a white

solid. LO-MS: method H, RT = 0.97 min, MS (ESI) m/z: 262.0, 264 .0 (M+H)".
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Intermediate 1-19:

in a round bottom flask charged with a stirring bar, I-19B (502 mg, 1.915 mmol} was
dissolved in anhydrous CHzCl: (16 mbL) at 0 °C. Boron tribromude (5.75 ml, 5.75
5 mmol) solution was added dropwise at 0 °C carefully over 5 nunutes. Lots of white
solid precipitated during addition. The reaction was allowed to warm to room
temperaiure then stir overnight. On the next day, the reaction was poured info ice and
30 b of E10Ac was used to wash the flask. The mixture was stirred for 10 nunutes,
then lavers were separated and the ag. laver was extracted with EtOAc (30 mL x2).
10 Organic phases were combined and washed with brine, dried over NaxSQOs, filtered
and concentrated to give I-19 (468mg, 1.887 mrol, 98 % vield) as an off-white solid.
H NMR (400MHz, DMSO-ds) 8 1048 (s, 1 H}, 7.84 (d. J=11 4 Hz 1 H). 762 (d,
J=8.4 Hz, 1 H); "F NMR (376MHz, DMSO-ds) § -135.05 (s, 1 F); LC-MS: method
H, RT = 0.85 min. MS (ESI) m/z: 248.0, 249.9 (M+H)".

Yk
Wh

INTERMEDIATE 1-20

(2-methoxy-7-methylquinoxalin-5-yHboronic acid

ea
(1-20)

Intermediate I-20A: tert-butyl N-(2-bromo-4-methyl-6-nitropheny 1 -N-| (tert-butoxy)
20 carbonylicarbamate

HsC NO,

.Boc
N

|
Br Boc {I.20A)

To a solution of Z-bromo-4-methyl-G-nitroaniline (9.6 g, 41.6 mmol) in THF

{60 ml) was added DMAP (0.508 g, 4.16 mmol), followed by BooxO (22.67 g, 104

nmmol} as a solid. The mixture was stirred at room temperature overnight. Solvent was

|\
W

removed by vacuum. The crude product was dissolved in a small amount of
chloroform and charged to a 120 g silica gel cartridge (2 separate colurons) which was
eluted with 5% FtOAc in hexanes for 4 min,, then a 12 min gradient from 5% to 30%
EtOAc in hexanes. The desired fractions were combined and concentrated to give

Intermediate I-20A (17.12 g, 39.7 nunol, 96 % vield) as a white solid. 'H NMR

o
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(500MHz, CDBCI3) 8 7.80-7.79 (m, 1 H), 7.73 (dd. J=1.9, 0.8 Hz, 1 H), 2.48 (s, 3H),
1.42 (s, 18H); LC-MS: method A, RT = 1.90 nun, MS (ESD m/z: 230.0 and 232.0
(M-2 Boc)".

5 Intermediate I-20B: tert-butyl (2-bromo-4-methyl-G-nitrophenyl}carbamate
HaC NO,

I}JH
Br Boc (1-208)

To a solution of Intermediate 1-20A (17.1 g, 39.6 mmol) in dichloromethane

{60 mL) was added TFA (6.11 mL, 79 mumol) and the mixture was stirred at room
temperature for 1.0 h. The reaction mixture was quenched by addition of saturated

10 sodium bicarbonate, extracted with dichloromethane (3X), dried over sodium sulfate.
After evaporation of solvent, Intermediate I-20B was obtained as a yellow solid
(12.8% g, 88% vield): 'H NMR (500MHz, CDCl3) 8 7.71 (d, J=1.1 Hz. 1 H), 7.68 (dd,
J=1.9, 0.8 Hz, 1 H), 2.42 (s, 3H), 1.51 {5, OH). LC-MS: method A, RT =1.53 min, MS
(ESD mvz: 231.0 and 233.0 (M-Boc)*.

15
Intermediate 1-20C: methvl

2-{(2-bromo-4-methyl-6-nitropheny{tert-butoxycarbonyl} aminolacetate

HsC NO-,
\@[ N Boc

Br
COOCH3 (1-20C)

Intermediate I-20B (12 g, 26.3 mmol) was dissolved in DMF (80 mL), cooled

20 with a water bath. Cs2C05(25.8 g, 79 mmol} was added. The dark brown solution was
stirred at room ternperature for 10 min, then methyl 2-bromoaceiate (4.37 ml., 47.6
mmol} was added dropwise. After addition of methyi bromoacetate, the brown color
faded to yvellow. The mixture was stirred at room temperature for 1.0 h, diluted with
EtGAc, quenched with water. The organic layer was collected, washed with brine,

25 dried over sodium sulfate. After evaporation of solvent, the crude product was
dissolved m a small amount of chloroform and charged to a 330 g silica gel cartridge
which was eluted with 5% EtOAc in hexanes for 5 min., then a 12 nun gradient from

39 to 50% EtOAc in hexanes. The desired fractions were combined and conceniraied
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to give Intermediate 1-20C (15.2 g, 37.7 mmol, 95 % vield) as a vellow oil. 'H NMR
(500MHz, CDCls) indicated a mixture of rotamers: 8 7.75-7.67 (m, 2H), 4.61-3.97
{m. 2H). 3.76 and 3.69 (s, 3H). 2.48 and 2.43 (s, 3H), 1.55 and 1.37 (s, 9H); LC-MS:
method A, RT = 1.70 min, MS (E8T) m/z: 303.0 and 305.0 (M-Bocy".

Intermediate I-20D: methyl 2-({2-bromo-4-methvi-6-nitrophenviaminolacetate

Hs;C NO,
[
Br NcoocH, (1-20D)

To Intermediate 1-20C (15.2 g, 37.7 mmol} was added 4.0 N HCI in dioxane
(471 mi, 188 mmol) and the mixture was stirred at room temperature overnight.
Solvent was removed under vacuum, chased with F1OAc {(2X) to give Intermediate
120D (13.6 g, 40.1 mwnol, 106 % yield) as a yellow solid. 'H NMR (500MHz,
CD;OD)Y 5 7.88 (dd, .J=1.9, 0.6 Hz, L H), 7.80 (dd, J=19, 0.6 Hz, 1 H). 4.47 (d,

J=17.3Hz, 1 H), 4.08(d, J=17.1 Hz, 1 H), 3.69 (s, 3H), 2.46 (5, 3H): LO-MS: Method

A, RT =194 pun, MS (ESI) m/z: 303.1 and 3051 (M+H)".

Intermediate I-20E: 5-bromo-7-methyl-3,4-dihydrogquinoxalin-2(1 H)-one
HiC N0
o
Br 1 (1-20E)
To asolution of Intermediate I-20D (13.6 g, 40.1 mmol) in MeOH (100 mL)
in a 1L flask cooled with water bath was added concentrated HC (13.35 mL, 160
mmol}, followed by tin{(if) chlonde dihydrate (36.1 g, 160 mmol). The mixture was
stirred at 68 °C for 2.5 h. MeOH was removed by vacuum. The crude was partitioned
in water (100 mLYEtOAc {200 mL}, and the pH was adjusted to neutral with 4.0 N
NaOH (ca 90 ml). The white precipitate formed was very {ine particle that was very
hard to remove by filtration. The nuxture was iransferred fo a separatory furmel. The
organic laver was collected. The aqueous was further extracted (2 X 200 mL} with
EtOAc. The combined organic layer was washed with water (2X) and brine (2X),
dried over sodiurm sulfate. After evaporation of solvent, Interroediate 1-20E (8.36 g,
347 mmol, 87 % yield) was obtained as a pale vellow solid. 'H NMR (500MHz,
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DMSO-ds) § 10.37 (s, 1 H), 6.87 (dd, J=18. 0.7 Hz, 1 H), 6.56 (dd. /=1.1, 0.6 Hz, 1
H), 5.46 (5, 1 H). 3.76 (d, J=2.2 Hz, 2H), 2.14 (s, 3H); LO-MS: method A, RT = 1.66
min, MS (EST) m/z: 241.0 and 243.0 (M+H)".

5 Intermediate I-20F: S-bromo-7-methyiqunoxalin-2-ol

\Q: OH
J
(1-20F)
To a suspension of Intermediate I-20F (6.7 g, 27.8 mmol} in MeOH (50 mL)
in a 1L flask was added 30% hydrogen peroxide {28.4 mi.. 278 mmol}, followed by
4.0 N NaOH (20.84 ml., 83 mmol). The mixture was stirred at room temperature for 5
10 muan, then gently heated at 60 °C. Afier 15 nun heating, the reaction nuxture furned
strongly exothermic, suggesting an initiation of the reaction mixture. The heating bath
was removed and stirring continued for 30 mun until the mixture turned completely
clear. After cooling to room temiperature with a water bath, MeOH was removed by

vacuum. The mixture was then neutralized with 2.0 N HC1 (fo pH 2 -3) and ice

[
(i

cooling. The precipitate formed was collected by filtration, washed with water, dried
under vacuurn 1n the air for 1.0 h and then at vacuum at 60 °C for 2.0 h, and under
high vacuom to give Intermediate 1-20F (6.55 g, 27 4 mamol, 99 % yield) as an
off-white solid. 'H NMR (500MHz, DMSO-ds) 8 12.52 (brs, 1 H), 8.17 (s, 1 H), 7.49
(d,J=1.1 Hz, 1 H), 7.08 (s, 1 H), 2.40 (5, 3H: LC-MS: method A, RT = 1.62 min, MS
20 (ESDm/z 239.0 and 241.0 (MHHDY

Intermediate 1-20G: S-bromo-2-(difluoromethoxy)-7-methylquinoxaline

HsC N. O _F
N
{IJY
N
Br

A mixture of Intermediate I-20F (7.4 g, 26.9 mumol) and potassium carbonate

(1-20G)

25 (1856 g, 134 mmol) in DMF (120 mL) was heated at 100 °C for 5 nun. Sodium
2-chloro-2,2-difluoroacetate (16.40 g, 107.6 mmol) was added in one portion, and the
mixiure was stitred at 100 °C for 10 mun. The maxture turned {rom yellow shurry to
brown. The mixture was cooled to room temperature, diluted with EtOAc and water,

extracted with EtOAc (3 X} The combined organic layer was washed with brine,
75



WO 2018/013770 PCT/US2017/041868

dried over sodium sulfate. After evaporation of solvent, the crude product was
dissolved in a small amount of chloroform/toluene and purified with a 330 g ISCO
column eluted with 3% dichloromethane in hexanes for 3 min, then 5-70%
DCM/hexanes for 40 min (12 nun gradient time). The desired fractions were

5 combingad, concentrated to give Intermediate I-20G (6.0 g, 20.76 mmol, 77 % vield)
as a slightly yellow solid. 'H NMR (300MHz, CDCL) 8 8.64 (s, 1 H), 7.89(d, J=17
Hz, 1 H), 7.68 (dd, J=1.8, 1.0 Hz, 1 H), 7.63 (1. Jur = 71.80 Hz, 1 H), 2.59 (s, 3H): F
NMR (471MHz, CDCl3) § -89.82 (s, 2F ), LC-MS: method A, RT = 2.09 min, MS
(ESI) m/z: 289.0 and 291.0 (M+H)".

Intermediate 1-20H: 5-bromo-2-methoxy-7-methylquinoxaline

H3C\© N j/oc:H3
P/
N
Br (1.20H)

To Intermediate 1-20G (3.13 g, 10.83 mmol) dissolved in THF (20 mL) and

MeOH (15 mL) at room temperature was added 4.3 M sodium methoxide in MeOH

15 (7.55 mL, 32.5 mmnol). The reaction mixture was stitred at room temperature
overnight. Methanol was removed under vacuum. The reaction mixture was diluted
with EtOAc¢, quenched with 0.5 N HCI (30.0 mL}. The organic layer was washed with
saturated sodium bicarbonate, brine, dried and concentraied to give Intermediate
20H (2.7 g, 10.67 mmol, 99 % vield) as a slightly yellow solid. "H NMR (500MHz,

20 CDCL)Y 8848 (s, 1 H), 7.72 (d, /=17 Hz. 1 H), 7.60 (dd, /=1 .8, 1.0 Hz, 1 H), 4.10 (s,
3H), 2.53 (8, 3H); LC-MS: Method A, 30 10 100% B. RT = 1.71 min, MS (ESH m/z:
253.0 and 255.0 (M+H)"

Intermediate 1-20:

|30
(2

In asealed tube charged with a stirring bar, 1-20H (2.54 g, 10.04 mmol),
4,444 555 S-octamethyl-2,2'-bi(1,3,2-dioxaborolane} (5.10 g 20.07 mmol), and
potassium acetate (1.970 g, 20.07 mumol) were mixed in 1,4-dioxane (20 mL}. After
degassing with bubbling N2 for 10 minutes, PACL{dppH)-CH:Ch adduct (0,410 g,
30 0.502 nwnol) was added. The tube was sealed and was heated at 120 °C for 120

minutes. After cooling to room temperature, the reaction was difuted by adding 20 mL
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of EiOQAc, followed by 100 mL of sat. NH4Cl {ag.) solution. After stirnng at room
temperature for 15 mimutes, the precipitaied solid was filtered and washed with a
small amount of water. Then the filter cake was collected and freeze-dried to give
120 (1.85 g, 8.49 mmol, 85 % yield) as a grey solid. 'H NMR (500MHz, CD;0D) §

5 8.41(s. 1 H), 7.69 (brs, 1 H), 7.49 (brs, 1 H), 4.10 (s, 3H), 2.56 (s, 3H). LC-MS:
method H, RT =088 nun, MS (ESD m/z: 218.8 (M+H)".

INTERMEDIATE 1-21
2-bromo-6-fluoro-S-methoxythiazolof 5 4-bipyndine
F N
4
N\
LI
10 HsCO™ N (1-21)
Intermediate I-21 A: N-({5-fluoro-6-methoxypyridin-3-v{}carbamothioyl}benzamide
F

Hs;CO X s o

|
N~z N)J\N)‘\©
H H
{(1-214A)

To asolution of S-fluoro-6-methoxypyridin-3-amine {0.100 g, 0.704 mmol) in

acetone (1 mL) was added dropwise benzoyl isothiocvanate (0.104 mL, 0.774 mmol}.

15 The reaction mixture was allowed to stir at room temperature for 3 h. The reaction
mixture was diluted with water and FtOAc. The layers were separated and the organic
layer was washed with brine, dried with sodium sulfate, and concentrated under
reduced pressure to vield Intermediate 1-21 A (0.215 g, 0.704 muuol, 100 % vield): H
NMR (400MHz, CDCI3 8 1248 (brs, L H). 912 (brs, 1 H), 806 {d, /=2.0Hz | H),

200 B01{dd, /=1038,22Hz 1H), 791 (d,J=1.1Hz, 1 H), 789¢(d, /=15 Hz, 1 H),
7.71-7.65 (m, 1 H), 7.60-7.54 (m, 2H), 4.06 (s, 3H) LCAS method H, RT=1.18
min, MS (ESI) m/z: 306.1 (M+H)".

Intermediate I-21B: 1-(5-fluoro-6-methoxypyridin-3-vithiourea

F

HCOL A, s

I
I

H,
H (1-21B)

|30
(2

To asolution of Intermediate I-21A {0.215 g, 0.704 mmol} in tetrahvdrofuran
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{1 mbL) was added dropwise sodium methoxide (0.5 M in MeOH) (2. 112 mL, 1.056
mmol). The reaction mixture was allowed to stir at room temperature for 18 h. The
reaction mixture was diluted with water and F1OAc. The lavers were separated and

the organic laver was washed with brine, dried with sodium sulfate, and concentrated

Wh

under reduced pressure. The residue was triturated with EnQ, and the solid was
collected to vield Intermediale 1218 (0.09 g, 0.447 mimwol, 63.5 % vield) as a pale
vellow solid. ZC-MS: method H, RT = 0.81 min, MS (ESD nvz: 202.1 (M+H)" 'H
NMR (400MHz, CDCl3) 8 7.86 (4, J=2.2 Hz, 1 H). 7.63 (brs, 2H), 7.32 (s, 1 H). 4.03
(s, 3H).
10
Intermediate I-21C: 6-fluoro-5-methoxyihazolof 5,4-bipyridin-2-amine
N N\ NH
HSCOINIS% 2(5_21(3
To asolution of lntermediate I-218 {0.078 g, 0.338 mmol) in tetrahydrofuran

(1 robL} was added benzyltrimethylammonium tribronude (0.151 g, 0.388 mamol). The

[y
W

reaction mixture was allowed to stir at room temperature for 2 howrs. The reaction
mixture was diluted with water and EtOAc. The layers were separated and the organic
layer was washed with saturated aqueous NaHCOs, washed with brine, dried with
sodium sulfate. and concentrated under reduced pressure. The reaction nmixture was
purified by preparative HPLC using Method A to yield Intermediate 1-21C (0.028 g,
20 0.141 mmol, 36.3 % vield) as a white solid. '"H NMR (400MHz, CDCl:) 6 7.87 (br s,
2H). 7.59 (d, J=0.7 Hz, 1 H), 4.05 (s, 3H)LC-MS: method H, RT = 0.84 min, MS

Intermediate I-21:

|\
W

Copper (II) bromide (0.055 g, 0.247 mmol) and t-butyl nitrite (0.029 mb,
0.247 mmol) were dissolved in MeCN (0.582 mL) and allowed to stir 10 nimutes.
Intermediate 1-21C (0.029 g, 0.146 mmol) was dissolved in MeCUN (0.873 mL) and
the copper sohution was added. The reaction mixture was diluted with EtOAc¢, washed
with 1 N HCL saturated agueous NaHCOs, then brine, dried with sodium sulfate,
30 filtered, and concentrated in vacuo to vield Tntermediate {-21 (0.035 g, 0.133 mumol,
91 % yield). 'H NMR (400MHz, CDCE) § 7.86 (d, /=99 Hz, | H), 4.09 (s, 3H).

LCMS: method H, RT = 1.23 min, MS (EST)} /s 263.0 (M+H)"
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INTERMEDIATE 1-22

2 HBr

F N
=
HS%NHZ

HO™ "N (1-22)
3 Intermediate 1-21C (0.500 g, 2.510 mmol} was dissolved in HBr in acetic acid

(1.704 mlL, 15.06 mmol}, and the reaction was stirred at 130 °C for 3 h. The reaction
was concentrated under reduced pressure to vield Intermediate 1-22 (0422 g, 1.216
mmol, 48.5 % vield) as a tan solid. 'H NMR (400MHz, CD;0D)} § 7.67 (d, /=9.7 Hz,
P H). LC-AMS: method H, RT = 0.44 min, MS (ESD) nv/z: 186.1 (M+H)Y"

10

INTERMEDIATE 1-23

(2-{(difluoromethoxy }-7-methylquinoxalin-3-yboronic acid
N O F
N
LT
N
Ho™ P oH

15 A mixture of Intermediate 1-20G (3.85 g, 13.32 mmol),

4,444 555 S-octamethyl-2.2'-bi(1,3,2-dioxaborolaneg) (5.07 g, 19.98 mmol},

(1-23)

potassium acetaie {3.27 g, 33.3 mmol) and
[ 1,1-Bis(diphenylphosphine)ferrocengldichloropalladium (173 complex with
dichloromethane (1 : 1) (0.435 g, 0.533 mmeol) in dioxane (60 mL) was degassed by

20 bubbling argon for 10 min in a pressure vessel. The pressure vessel was sealed and
heated at 90 °C overnight. After cooling to room ternperature, the reaction mixture
was poured into water, diluted with EtOAc, stirred at room teraperature for 10 ron.
The mixture was filtered through a pad of wet celite. The organic layer was washed
with brine, dried over sodium sulfate and concentrated. The crude product was

25 punfied by flash chromatography (loading in toluene, 5% to 100% EtOAc (containing
1% MeOH) in hexane over 20 nun using a 120 g silica gel cartridge}. The desirec
fractions were combined and concentrated to vield 2.5 g of crude product. The crude
product was triturated with acetomirile. The precipitate was collected by filtration {o
give 1.0 g of desired product. The filtrate was evaporated and purified by preparative
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HPLC equipped with a C18 Phenomenex Luna AXIA colomn (30 mm x 75 cm, Smy)
with the UV deteclor set at 220 nm. The separation was performed by using a gradient
method: 30-100% B i 10 mans; then 100%8B in 2 mins with a flow rate of 40
mb/min. Solvent B is 90% acetonitrile - 10% water - 0.1% TFA and solvent A is 10%
5 acetonitrile - 90% water - 0.1% TFA. RT = 6 min. The desired fractions were placed
in a speedvac overnight to remove solvent, then lyvophilized to give additional product
1.0 g. The product was combined to give Intermediate 1-23 (2.0 g, 7.87 mimol, 59.1 %
vield) as a solid. 'H NMR (500MHz, DMSO-ds) 8 8.88 (5. 2H). 8.81 (s, 1H), 8.04 (d,
J=1.9 Hz, 1H). 7.86 (4, Jyp = 71.6 Hz, 1H), 7.83 - 7.79 {m. 1H), 2.57 (s. 3H);, LC-MS:
10 method H, RT = (.80 min, MS (ESI m/z: 223.00 (M+H)".

INTERMEDIATE 1-24

7-chioro-2-methoxy-5-(4,4.5,5-tetramethvi-1,3,2-dioxaborolan-2-vi)quinoxaline

\@[]/ “CH,

H3C9_%CH3

H;C CHs (1.24)
13 Intermediate I-24 A 2-bromo-4-chloro-6-nitroaniline
Cl NO,
NH,
Br (I-24A)

A solution of 4-chloro-Z-nitroaniline (10 g, 57.9 mmol} in acetic acid (S0 mL)
was cooled to 0 °C with an ice bath. Bronune (3.28 ml., 63.7 mmol) was added
dropwise, and the mixture was stirred at room temperature for | hr, and then poured

20 into ice water. The precipttated solid was filiered and was washed with water several
times. The filter cake was re-dissolved in EtOAc, dried over sodium sulfate, filiered
and concentrated i vacuo to give the title compound as a yellow solid (14 66g,
100%). 'H NMR (400MHz, DMSO-ds) 8 8.08 (d, J=2.4 Hz, 1 H), 8.02 (d, /=2.6 Hz, 1
H), 7.27 (brs, 2H);, LOC-MS: method H, RT =115 mun, MS (ESIy m/z: 250.9 and
252.9 (M+H)".

|\
W

Intermediate 1-248: tert-butyl
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N-{2-bromo-4-chloro-6-nitrophenyl)-N-{ (tert-butoxy carbonvlicarbamate

cl NO,

N(Boc),
Br (i-24B)

In a round botiom flask charged with a stirring bar, Intermediaie 1-24A (5 g,
19.88 nunol) was dissolved in THF (30 mL). DMAP (0.243 g, 1.988 nunol) was
5  added, followed by di-tert-butyl dicarbonate (11.54 mL, 49.7 mmol}. The reaction

mixture was stirred at room temperature for 1 hour, and then solvent was removed on
a rotary evaporator. The residue was purified by flash chromatography (120g silica
gel coluron eluted with 0-100% EtOAc/hexane) to give the title compound as a white
solid (8.2, 18.1 mmol, 91%). 'H NMR (400MHz, CDCL): 7.97 (d, J=2.4 Hz. 1 H),

10 790(d /=24 Hz 1H), 1.42 (G, 18H); LO-MS: method H, RT = 1.04 min, MS (ESI)
m/z: 250.9 and 2529 (M+H-2Boc)".

Intermediate I-24C. tert-butyl (2-bromo-4-chioro-6-nitrophenyljcarbamate

cl NO,
NHBoc
Br (1-24C)
15 To asolution of Intermediate I-248 (8.2 g, 1815 mumoly in DCM (50 mL) was

added TFA (2.80 ml, 36.3 mmol) and the nuxture was stirred at room temperature for
1 hour. Saturated NaHC O3 (ag. 30 mL) was added to the mixture. After stirring at
room temperature for 10 minutes, the layers were separated and the aqueous layer was
exiracted by DCM (30mL x 2}, The combined organic sohuition was washed with

20 brine, dried over NaxSO4 and concentrated to give the title compound as a vellow
solid (6.32g, 18.0 mmol. 99%). 'H NMR (400MHz, DMSO-ds) 6 9.45 (brs, I H),
824 (d, J=2.4 Hz, 1 H), 8.12(d, J=2.4 Hz. 1 H), 1.43 (brs, 9H); LO-AS: method H,
RT = 0.82 min, MS (ESI) m/z; 250.9 and 252.9 (M+H-Boc)".

25 Intermediate 1-24D: methyl 2-{(2-bromo-4-methyvi-6-nitrophenyDaminoacetate
Cl NO,

N Osch,
oC
Br o (1-24D)
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To asolution of Intermediate [-24C {(6.32 g, 18.0 mmol} in DMF (30 mL) was
added Cs2C0;5 (14.64 g, 44.9 mmol. Methyl 2-bromoacetate (5.50 g, 36.0 mmol) was
added dropwise and the mixture was stirred at room temperature for 30 munutes. The
reaction mixture was diluted with 100 mL of EtOAc and 50 mb of water. After
separation, the aqueous laver was exitracted by EiQAc (50 mL), and the combined
organic layers were washed with brine and concentrated. The residue was purified by
flash chromatography (120g silica gel colurmn, eluted with 0-50% EtOAc/Hex) to give
the title compound (7.55 g, 17.8 mmol, 99 %) as ayellow oil. 'H NMR (400M¥Hz,
CDC) §7.92-7.81 (m, 2H), 4.58 (4. J=17.6 Hz, 1 H), 3.99 (d, /=17.4 Hz, 1 H), 3.69
{s. 3H), 1.38 (s, OH}; LU-MS: method H, RT = 1.23 min, MS (ESI} m/z: 366.9 and
368.9 (M+H-36)".

Intermediate I-24E: methyl 2-({(2-bromo-4-chioro-6-nitrophenyl)aminojacetate, TFA
salt

Cl NO,

Br O (1-24E)

Intermediate 1-240 (5.6 g, 13.22 mmol) was dissolved in DCM (30 mL) and
was treated with TFA (10,18 ml., 132 mmol) at room temperature overnight. Ou the
next day, the solvent was removed and the crude product was used int the next step
without punification. ZC-MS" method H, RT = 1.22 min, MS (ESI) m/z: 323.0 and
324.9 (M+H),

Intermediate I-24F: 5-bromo-7-chloro-3,4-dihydroquinoxalin-2(1 Hj-one

H

Cl NTO
; N
Br H

In around bottom flask charged with a stirring bar, Intermediate I-24E (6.0 g,

18.55 mmol} was dissolved in MeOH (60 mL}, and concentrated HC1 (4 64 mL., 55,6

(1-24F)

mmol) was added, followed by SnClz {(14.07 g, 74 2 mmol). The reaction maxture was
stirred at 60 °C overnight. On the next day, afier cooling to room temperature, another

2 equivalents of Sn{l: was added to the reaction mixture. After 2 h at 60 °C, the
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reaciion mixture was cooled to room temperature; the precipitate was filtered, washed
with small amount of MeOH, and dried to give a white solid as desired product. The
fltrate was concentrated on a rotary evaporator and then partiioned between 150 mL
of EtOAc and 30 mL of water. Next, 4M NaOH (aq.) was added to adjust the pH to
12. The solid was filtered on a Celite pad and the filter cake was washed with EtQAc.
The layvers were separated and the aqueous phase was extracted twice with EtOAc.
The combined organic phases were washed with saturated NaHCOs {aq.), bring, dried
over NaxS{, filtered, and concentrated in vacuo to give additional product.
Combining matenial gave S-bromo-7-chloro-3 4-dihydroquinoxalin-2¢1 H}-one (3.35
g, 13.58 mmol, 73.2 % vield} as a white solid. "H NMR (400MHz, DMSQ-ds} & 10.53
(s, 1H), 7.12(d, J=22Hz 1 H), 685666 (m 1 H}, 583, 1 H),3.82{(d, /=2.0Hz,
2y, LO-MS: method HL, RT = 1.02 min, MS (ESD mz: 261.0 and 263.0 (M+H)".

Intermediate 1-24G: 5-bromo-7-chioroquinoxalin-2-ol

\E; OH
J
(1-24G)

In T L round bottom flask charged with a stirring bar, Intermediate 1-24F (3.84
2, 14.7 mmol) was suspended in MeQOH (50 mL), and H:0:2 (13.00 mL, 147 mmol,
30% in water) was added, followed by 4N NaOH (11.01 mi., 44.1 mmol). The
mixture was stitred at room temperature for 5 minutes, and then heated at 60 °C for
15 minutes. Heating was removed and the reaction mixiure was stirred at room
ternperature over the weekend. Another 3 mL of H202 was added and the nuxture was
stirred at room temperature for 2 b The reaction mixture was concentrated on a rotary
evaporator. The residual mixture was cooled in an ice bath, and 6 N HC1 was added to
adjust the pH value to 2-3, followed by 200 ml of EtOAc. After shaking and
separation, the aqueous layer was extracted with EtOAc (50 mi x2). The combined
organic phases were combined and dried over NaxSQ4. Removing solvent in vacuo
gave the title compound as a brown solid. (2.51g, 9.70 mmol, 66%). 'H NMR
(400MHz, DMSO-ds); 12.63 (brs, 1 H), 8.23 (s, 1 H), 7.73 (d, J/=2.0 Hz, 1 H), 7.31
(d. /=20 Hz, 1 H}; LC-MS: method H, RT = 1.01 min, MS (EST) m/z: 258.9 and
260.9 (M+H)*.

&3
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Intermediate I-24H: 5-bromo-7-chloro-2-methoxyquinoxaline

Cl Nj/o\CH3
s
N
Br

In a round botiom fiask charged with a stirring bar, Intermediate [-24G (1.60

{1-24H)

g, 6.17 mmol} was suspended in POCE (10 mL, 107 munol), and the mixture was
refluxed for 2 h. Excess POCl: was removed on a rotary evaporator and the residue
was dried in vacuo for 30 minutes to give a brown solid. This brown solid was
suspended 1o MeOH (30 mL), and anhydrous KoCO3 (1.704 g, 12.33 mumnol) was
added. The mixture was stirred at room temperature for 10 nunutes, and then refluxed
for 2 h. After cooling to room temperature, the solvent was removed on a rotary
evaporator. The residue was dissolved in 100 mi of Et0Ac, washed with water, brine,
dried over Nax804, filiered, and concentrated to give the ¢rude product. The crude
product was purified by flash chromatography (80 g silica gel colunm, 0-50%
EtGAc/hexane) to give Intermediate 1-24H (1.02 g, 3.73 mmwol, 60.5 % vield) as a
vellow solid. "TH NMR (400MHz, CDClz): 8.53 (5, 1 H), 7.87-7.83 (m, 2H), 4.12 (s,
3H}), LC-MS: method J, RT = 0.96 nun, MS (ESD m/z: 273.0 and 275.0 (M+H)"

Intermediate I-24:

In a microwave vial charged with a stirring bar, Intermediate F-24H (330 mg,
1.207 mmol), 4,4,4' 4555 S-octamethyi-2,2'-bi{1,3 2-dioxaborolane) {460 mg,
1.810 mmol}, and potassium acetate (296 mg, 3.02 mmol) were mixed with
I 4-dioxane (10 ml). After degassing with bubbling Nz for 10 minutes,
PACh{dpph-CH2Cly adduct (49.3 mg, 0.060 mmol) was added. The vial was sealed
and was heated by microwave to 120 °C for 60 nunutes. After cooling to room
temperature, the reaction mixture was diluted by adding 40 mb of EtOA¢ and 30 mL
of water. After separation, the aqueous layver was extracted with EtQAc (20 mL x 2).
The combined organic layers were dried over NaxSO4 and concentrated on a rotary
evaporator. The residue was purified by flash chromatography {40g silica gel column,
0-100% EtOAc/hexane gradient in 10 minudes, 100% EtOAc for 10 munutes) to give
Intermediate [-24 as a yellow solid. (293 mg, 76%). 'H NMR (400MHz, CDCl:): .53
(s. 1 H), 7.92-7.85 (m, 2H)}. 4.08 (s, 3H). 1.45 (s, 12H). LC-MS method H, RT=1.09
min, MS (ESI) m/z: 239.1 (M+H-&2)".

84



WO 2018/013770 PCT/US2017/041868

INTERMEDIATE [-25

3-methoxy-8-(4,4.5,5-tetramethvl-1,3,2-dioxaborolan-2-vguinoxaline-6-carbounitrile

NC N.__OCH,
N
Y
N
B.

(o Ne)
Hg,CHCHg

CH; CH; (i-25)

(¥4}

Intermediate I-25A; 8-bromo-3-0x0-1,2,3 4-tetrahy droquinoxaline-6-carbonitrile

H
NC N:/[/O
: :u
Br

Imtermediate 1-25A was synthesized from 4-amino-3-nitrobenzonitrile via the
route described for Intermediate 1-24. LC-MS: method I, RT = 0.94 min, MS (ESI}
vz: 252.0 and 253.9 (M+H)".

(I-25A)

10

Intermediate I-25B: 8-bromo-3-oxo0-3,4-dihydroquinoxaline-6-carbonitrile

H
NC N__O
Ly
N
Br

In a round bottom flask charged with a stirnng bar, Intermediate I-25A (394

(1-25B)

mg, 1.563 mmol} was suspended in DMF {10 mL), and manganese dioxide {1359 mg,

15 15.63 romwol) was added. The mixture was stirred at room temperature for 60 minutes.
LC/MS showed starting material remained. Another 10 equivalents of manganese
dioxade (1359 mg, 15.63 mmol) was added, and the mixture was stirred at room
ternperature ovemight. The next day, the solid was filtered and solvent was removed
on a rotary evaporator and dried on HVAC 1o give the title compound (100 mg, 0.400

20 mmol, 25.6 % vield) as a vellow solid. 'H NMR (400MHz, DMSO-ds) 6 8.32 (s, 1 H),
795 (d, J=2.6 Hz, 1 H), 7.65 (5, 1 H), LC-MS- method A. RT = 2.42 min, MS (ESD)
m/z: 248.0 and 250.0 (M+H)".

Intermediate 1-25:
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Intermediate I-25 was synthesized in two steps from Intermediate 1-25B via
the route described for Intermediate 1-24. LC-MS: method A, RT = 0,97 min, MS
(ESD m/z: 230.1 (M+H)" of boronic acid.

Wh

INTERMEDIATE 1-26

{7-{(hydroxymethyl}-2-methoxy quinoxalin-5-yi}boronic acid
HO/\E;[ \]/ ~
~
N
Ho™®~oH

10 Intermediate I-26 A 4-bromo-2-chloro-6-nitroaniline
Br N02

-26)

NH,
Cl (I-26A)

A mixture of 4-bromo-2-nitroaniline (10.82 g, 49.9 mmol) and NCS (832 g,

62.3 munol) in DMF (100 b} was heated to 100 °C for 1 H. After cooling fo room
temperature, the solution was poured into ice water. The vellow precipitate was

15 collected by filtration and was washed with water. The solid was dissolved in
dichloromethane (100 mL) and the organic phase was washed with water and brine,
dried (Na:8Q0a), filtered, and concentrated to vield the title compound (11.54 g 459
mmol, 92 % vield) as a yellow solid. '"H NMR (400MHz, CDCl3) 8 8.26 (d, /=2.2 Hz,
TH), 767 (4, J=2.2 Hz, 1 H), 6.57 {br s, 2H).

20
Intermediate 1-26B: tert-butyi

N-{4-bromo-2-chloro-6-nitropheny-N-[{tert-butoxy Jearbonvljcarbamate

Q L L

3
HsC C"'s (1-26B)

Intermediate 1-26B (11.75g, 87 %) was made as a vellow solid from

|30
(2

Intermediate I-26A (7.52 g, 29.9 mmol} via the same procedure as Intermediate
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1-20A. 'H NMR (400MHz, CDC13) 8 8.08 (d, /=22 Hz. 1 H), 7.89 (d, J=2.2 Hz, 1 H),
1.42 (s, 18H).

Intermediate I-26C: tert-butvi (4-bromo-2-chioro-6-nitrophenyljcarbamate

Br NO,  cn,
O+CH3
1 CH,

5 (1-26C)

Intermediate 1-26C (5.2 g, 14.8 munol, 98 %) was made as a brown waxy solid
from Intermediate 1-268 (6.8 g, 15.0 mmol) via the same procedure as Intermediate
1-20B. 'H NMR (400MHz, CDC1) 38.00 (d, J=2.2 Hz, 1 H), 7.81 (d, J=2.2 Hz, 1 H),
6.92 (brs, 1 H). 1.50 (s, OH)

10
Intermediate I-26D: methyl
2-{{4-bromo-2-chloro-6-mirophenyl(tert-butoxycarbony Damino)acetate
NO,

BrQNBoc O-CH3
Cl 0 (I-26D)

Intermediate 1-26D (5.4 ¢, 12.8 yamol, 87 %) was made as a vellow otl from

-
(93}

Intermediate I-26C (5.2 g, 14.8 mmol} via the same procedure as Intermediate 1-20C.
I NMR (400MHz, CDCE) § 7.99(d, /=2.2 Hz, T H), 7.88-7.85 (m, 1 H), 4.49 (d,
J=17.4 Hz, 1 H), 4.07 (d, /=174 Hz, 1 H), 3.71-3.67 (m, 3H). 1.37 (5. 9H). LO-MS:
method H, RT = 1.04 min, MS (ESI m/z: 323.0 and 325.0 (M+H-100)".

20 Intermediate [-26E: methyl 2-({4-bromo-2-chloro-6-mitrophenvilamino)acetate

NO,
BrQNH O—CHs
cl O (1.26F)

Intermediate 1-26F (4.15 g, 12.8 mmol, 100 %) was made as a brown oil from
Intermediate I-26D (5.44 g, 12.8 mmol) via the same procedure as Intermediate
1-200. LC-MS: method H, RT = 1.0 min, M8 (ESD m/z: 323.1 and 3250 (M+H)"

Intermediate I-26F: 7-bromo-5-chloro-3 4-dihy drogquinoxalin-2{1 H}-one
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H
Br NTO
; :u
Cl

Intermediate 1-26F (3.02 g, 11.55 mmol, 73 %) was made as a white solid

(I.26F)

from Intermediate [-26E (5.1 g, 15.8 mmaol} via the same procedure as Intermediate
1-20E. 'H NMR (400MHz, DMSO-ds) 8 10.54 (s, 1 H). 7.10 (d, /=2.0 Hz. 1 H), 6.83
(d.J=2.2 Hz, 1 H). 6.02 (5. 1 H), 3.82 (d. J=1.8 Hz, 2H). LC-AS: method H, RT =
0.84 min, MS (ESI) m/z: 261.0 and 263.0 (M+H)".

W

Intermediate 1-26G: 7_br0mew5_cmoroqumcxaiinw% | Hy-one

gees
{1.26G)

10 Intermediate 1-26G (3.40 g, 13.10 mumol, 70 %) was made as an off-white
solid from Intermediate I-26F (4.85 g, 18.5 nunol} via the same procedure as
Intermediate 1-20E. 'H NMR (400MHz, DMSO-ds) 8 7.76 (s, 1 H). 7.21 (d, J=2.2 Hz,
FH)Y, 701 (d. =22 Hz, 1 H), LC-MS: method H, RT = 1.08 man, MS (ESH m/z:
2591 and 261.1 (M+H)".

Intermediate 1-26H: 7-bromo-3-chloro-2-methoxy quinoxaline

\@[j/ “CHs

{{-26H)
Intermediate 1-26H (2.13 g, 7.79 mmol, 86 %) was made as a vellow sohid
from Intermediate 1-26G (2.34 g, 9.02 mmol) via the same procedure as Intermediate
20 1-20H. ‘H NMR (400MHz, CDCl3) 8 8.55 (s, 1 H), 7.98 (d, /=2.2 Hz, 1 H), 7.80 (d,
J=2.0 Hz, 1 H), 4.12 (s, 3H); LC-MS: method H, RT = 1.07 min, MS (ESD m/z: 273.1
and 275.1 (M+H)"

Intermediate I-261: 5-chloro-2-methoxy-7-vinviguinoxaline

88



10

[
(i

20

WO 2018/013770 PCT/US2017/041868

N N
= j/o CH,
~
N
Cl

To avial charged with a stirring bar was added Intermediate 1-26H (0.7 g, 2.56

{1-260)

mmaol), potassium vinylirifluoroborate {0.377 g, 2.82 mmol), cesium carbonate {(1.668
2. 5.12 mumol), (s)-2,2'-bis(diphenyiphosphino}-1, I'-binaphthalene (0.159 g, 0.256
mmol} and diacetoxypalladium (0.029 g, 0.128 mmol}. After applving vacuum and
refilling with N2 3 times, DMF (10 mL} was added and Nz was bubbled through the
solution for 10 manutes. The vial was sealed, stirred at room temperature for 10
minutes, and then heated at 80 °C for 3 h. After cooling {0 room temperature, the
reaction mixture was diluted with 60 mL of EtOAc, washed with water and brine,
dried over Na:50u, filterad and concenirated. The crude product was purified by flash
chromatography (0-50% EtOAc/hexane m 12 manutes, 50-100% EtOAc/hexane in 6
minutes, 40 g silica gel columi) to give the title compound (470 mg, 2.130 mmol, 83
% vield) as an off-white solid. 'H NMR (400MHz, CDCL:) § 8.51 (s, 1 H), 7.79 (d,
J=2.0Hz, 1 H). 7.73¢d, J=1.8 Hz, 1 H). 6.83 (dd, J=17.5, 10.9 Hz. 1 H), 5.96 (d,
J=17.4 Hz, 1 H), 5.48 (d, J=11.0 Hz, 1 H), 4.12 (s, 3H): LC-MS: method H, RT =
1.02 min, MS (ESD mz: 2211,

Intermediate 1-26J: 8-chloro-3-methoxyquinoxaline-6-carbaldehyde

O&\@[I ]j/o\cHS
~
N

Cl

In a round botiom fiask charged with a stirring bar, Intermediate I-261 {470

(1-265)

mg, 2.130 mmol) was dissolved in THF (20 mL )Y/ water {6 mL), and treated with
sodium pertodate (1367 mg, 6.39 mmol) and osnmium tetroxide (4% by wt 1n water)
{0.271 mL, 0.043 mmol}. The nuxture was stirred at room temperature for 4 h, and
then reaction muxture was diluted by adding 40 mL of EtOAc and 20 mL of water.
The organic phase was washed with saturated Naz85:20s5 (aq., 3x) and brine, dried over
Na2804, and filtered. The filtrate was concentrated on a rotary evaporator to give the
title compound (457 mg, 2.053 mumnol, 96 % vield) as a vellow solid. '"H NMR
(400MHz, CDCI3) 8 10.17 (s, 1 H), 8.67 (s. 1 H), 8.27 (4, J=1.8 Hz, 1 H), 8.16 (4,

J=1.8 Hz. 1 H), 4.17 (s, 3H), LC-MS: method H, RT = 0.88 min, MS (ESD) m/z:
89



W

10

13

[\
(9

30

WO 2018/013770 PCT/US2017/041868

Intermediate 1-26K (8-chloro-3-methoxy quinoxalin-6-ymethanol

reh

(1-26K)

In a round bottom flask charged with a stirnng bar, Intermediate 1-26J (421
mg, 1.89 mmol} was dissolved in toluene (10 mL} and mixed with sodium
friacetoxyborohydride (882 mg, 4.16 mwol). The nuxtore was stirred at 60 °C for 4 b
After cooling to roorn temperature, the solvent was removed on a rotary evaporator.
The residue was dissolved in 30 mL of Ei0Ac and 20 mL of water. The organic phase
was washed with brine, dried over NaxSO4, filtered and concentrated on a rotary
evaporator to give the title compound (0.415 g, 1.847 mmol, 98 % vyield) as an
off-white solid. 'H NMR (400MHz, CDCL) 8 8.55(s, 1 H), 7.79-7.75 {m, 1 H), 7.70
(d,7=1.8 Hz, 1 H}, 4.89 (s, 2H), 4.12 (s, 3H), 1.94 (br s, 1 H); LC-AS: method H, RT
=0.75 min, MS (ES{) m/z: 2252

Intermediate 1-26;

A microwave tube was charged with Pdo{dba)s (48.9 mg, 0.053 mmol),
X-Phos (102 mg, 0.214 mmol},
4,44 4555 5-octamethyl-2,2"-bi(1,3,2-dioxaborolane} (814 mg, 3.21 mmol}, and
potassium acetate (315 mg, 3.21 mmol). The tube was capped and then evacuated and
backfilled with argon 3 times. Intermediate 1-26K (240 mg, 1.068 mmol) in
1.4-dioxane (10 mL) was added via syringe, foliowed by flushing the reaction mixture
with N2 for 10 minutes. The reaction mixhure was heated at 110 °C 1 a microwave
reactor for 30 munutes. After cooling o room temperature, the reaction mixture was
concentrated in vacuo and the residue was purified by flash chromatography (40g
slica gel, 0-100% EtOAc, then 0-10% MeOH/DCM) to give Intermediate 1-26 (121
mg, 0.517 mmol, 48.4 % vield) as a grey sohid. LC-ALS: method H, RT = 0.75 min,
MS (ESDym/z: 2352,

INTERMEDIATE 1-27
S5fluoro-2-(2-roethoxy-7-methylquinoxalin-S-vbenzo{ djthiazol-6-0l
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H,C Nj/OCH3
o
N
N“ s
F  OH

(1-27)
Intermediate 1-27 A

2-2-(difluoromethoxv)-7-methviquinoxalin-5v -5 -fluorobenzofd|thiazol-6-ol
HsC N_ _O_ _F
N
| l JT
N
N” s

F  OH (1-27A)
5 A nucrowave vial was charged with Intermediate [-23 (80 mg, 0.314 mmol).
Intermediate 1-19 (65 mg, (.262 mmol)} and {1,1-bis(diphenyiphosphino)ferrocene]
dichloropalladium ()} complex with dichloromethane (1:1) (17.12 mg, 0.021 mmol}.
A solvent mixture of toluene (1638 ul), EIOH (546 ul) and 2.0 M Na:CGO3 (197 ul,
0.393 mol) was then added, and the resulting solution was sparged with argon for 10
10 mun before being sealed and then heated in the nuicrowave at 130 °C for 30 min. The
crude reaction muxture was diluted with EtOAc and filtered over celite before being
concentrated and purified by ISCO (24g. 0-100% EtCAc/hexanes, 16 min) to afford
Intermediate 1-27 A (95 mg, 0.252 mmol, 96 % vield) as a dark veliow solid. 'H NMR
(400MHz, CHLOROFORM-d) § 8.76 (d. J=2.0 Hz, 1H), 8.69 (s, 1H), 7.84 (d, J=10.8

15 Hz, 1H), 7.80 (s, 1H), 7.66 (1, J=71.8 Hz, 1), 7.55 (d, J=8.4 Hz, 1H), 5.30 (d. /=51
Hz, 1H), 2.68 (s, 3H). LC-MS: Method H, RT = 1.06 min, MS (ESI) m/z: 378.2
(M+H)"

Intermediate -27:

20 To asolution of Intermediate I-27A (20 mg, 0.053 mmol) in THF (1 mL} was
added a ¢.5 M NaOMe solution in MeQOH (0.530 mL., 0.265 nunol}. After 1 h, the
reaction nuxture was diluted with EtOAc and quenched with 1.0 N HCL The organic

phase was extracted, dried over MgSQy, filtered and concentrated in vacuo to afford
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Intermediate [-27 (18 mg, (.053 mmol, 99 % vield) as a vellow solid. This material
was used without further purification. ZC-A4S" Method H, RT = 1.08 min, MS (ESD)
/7 3422 (MHHY . TH NMR (400MHz, THF3 8 8.95 (br. s, 1H}, 8.70(d, /=1 3 Hz,
1H), 8.54 (s, 1H), 7.80-7.67 (m, 2H), 746 (d. J=8.6 Hz, 1H}, 4.10 (s, 3H), 2.63 {s,

5 3H).

INTERMEDIATE 1-28

3-methoxy-6-methyl-8-(4,4,5 5-tetramethyl-1,3,2-dioxaborolan-2-vhguinoline

10 (1-28)
Intermediate 1-28A: methy! 2-amino-3-bromo-3-methylbenzoate

0

NH,
Br

2-Amino-3-bromo-S-methytbenzoic acid (3.8 g, 16.5 mmol) was dissolved in

Me(OH (33.0 mbL). Thionyl chlonde (3.62 mL, 49.6 mmol) was added carefully

-
(93}

dropwise and the reaction was heated to 65 °C. After stirring for 8 days. the reaction
was concentrated in vacuo. The crude material was redissolved in FtQAc, washed with
I N NaOH, water, then brine, dried (Na2S0Ou4), filtered, and concentrated in vacuo to
give Intermediate [-28A (3.38 g, 13.9 mmol, 4%} as an orange oil: '"H NMR {(400MHz,
CHLOROFORM-d) & 7.66 (d, J=1.1 Hz, 1H), 7.43 (d, /=1 % Hz, 1H), 6.14 (br. s, 2H),
20 388 (s. 3H), 2.22 (s, 3H); LC-AMS: Method H, RT = 1.18 min, MS (ESI) m/z: 244/246
(M+H)!

Intermediate 1-28B: (2-amino-3-bromo-3-methylphenvlymethanol
OH
Br
Intermediate I-28A (338 g, 138 mmol) was dissolved in THF (462 mL).

[\
(9
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Lithrum borohydrnide (0.603 g, 27.7 mmol) was added and the reaction was heated to
30 °C. Afier 1 hour, the reaction was dibuted with water and stirred for 30 minutes. All
of the lithiurm borohydride had not dissolved, so concentrated HCI was added carefully

to speed up the quenching process. The reaction was then extracted thrice with EtQAc.

Wh

The combined organic lavers were washed with brine, dried (Na2SQO4), filtered, and
concentrated in vacuo to give Intermediate I-28B (2.85 g, 13.2 mmol, 95%}) as a whiie
solid: "H NMR (400MHz, CHLOROFORM-d} 8 7.23(d, J=1.1 Hz, 1H), 684 (d, /=13
Hz, 1H), 4.65 (s, 2H), 4.53 (br. 5., 2H), 2.22 (s, 3H); LC-MS: Method H, RT = 1.00
min, MS (ESH mz 216/218 (M+H)Y"
10
Intermediate I-28C: 2-amino-3-bromo-5-methvibenzaldehyde
~o
Br
Intermediate 1-28B (2.835 g, 13.2 mmol) was dissolved in CHCl: (88 mL).

Manganese dioxide (6.88 g, 79 nmunol} was added and the reaction was heated to 40 °C.

[
W

After heating overnight, the reaction was filiered through celite and concentrated in
vaciuo 1o give Intermediate 1-28C (2.72 g. 12.7 mamol, 96%) as a vellow solid: 'H NMR
(400MHz, CHLOROFORM-d) 6 9.78 {s, 1H), 7.47 (d. /=1 5 Hz, 1H), 728 - 7.26 (m,
THD), 6.49 (br. 5., 2H), 2.28 (s, 3H), ZC-MS- Method H. RT = 1.26 min, MS (ESD) m/z:
214/216 (M+H)'

20

Intermediate I-28D: 3-(benzyioxy}-8-bromo-6-methviguinoline

e

~

N
Br

Intermediate 1-28C (2.72 ¢, 12,7 mmeol), 2-(benzyioxylacetaldehyde (1.91 g,

12.7 mmol), and sodium methoxide (0.5 M m MeOH, 28.0 mL, 13.98 mmol} were

25 dissolved in MeOH (50.8 ml) and heated o reflux. After heating overnight, the
reaction was diluted with saturated NHaCl, partially concentrated in vacuo and diluted

with EtOAc. The lavers were separated and the organic layer was washed with brine,

dried (NazS04), filtered, and concentrated in vacuo. The crude material was purified by

silica gel chromatography (ISCO, 220 ¢ silica gel colummn, 41 minute gradient from 0
93
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{0 40% EtOAc in hexanes) 1o give Intermediate I-280 (1.86 g, 5.67 mmol, 45%) as a

vellow solid: '"H NMR (400MHz, CHLOROFORM-d) 8 8.79 (d, J=2.9 Hz, 1H), 7.74

(d, J=1.5 Hz, 1H), 7.51 - 7.46 (m, ZH). 7.45 - 7.40 {m. 3H), 7.39 - 7.33 (m, 2H), 5.20

(s. 2H), 2.49 (s, 3H): LO-MS: Method H, RT = 1.22 min, MS (ESI) m/z: 328/330
5 (MY

Intermediate I-28E: 8-bromo-6-methyiquinolin-3-ol
N OH

~
N
Br

Intermediate 1-280 (1.86 g, 5.67 mwool} and pentamethylbenzene (5.88 g, 39.7

10 mmol) were dissolved in DCM (113 mL) and cooled 1o -78 °C. Boron irichlonide (1 M
in heptane, 14.7 mL, 147 mmol) was added and the reaction was allowed toc warm
slowly to ambient temperature. After stirring overnight, the reaction was diluted with
hexanes and 1 N HCI and allowed to stir for 1 bour. The aqueous laver still contained

product by LC/MS. The aqueous laver was neutralized with NaOH until approximately

[
W

pH 7 and copious amounts of precipitates were formed. The precipitate was collected
by suction filiration to give Intermediate 1-28F (829 mg, 3.48 mmol, 62%3 as an
off-white sohid; "H NMR (400MHz, METHANOL-ds} 6 8.50 {d, J=2.6 Hz, 1H), 7.72
(s, 1H}, 7.51 (s, 1H), 7.43 {d, /=1.8 Hz, 1H}, 2.47 {s, 3H}; LC-MS Method H, RT =
0.82 min, MS (ESI) m/z: 238/240 (M+H)'

20 Intermediate 1-28F: 8-bromo-3-methoxy-6-methylquinoline

O~

bz

N
Br

Intermediate -28E (200 mg, 0.728 mmnol), KoCOs (302 myg, 2.18 mmol), and
methyl iodide (91 pl, 146 mmol} were dissolved in acetone (7.29 mL) and heated to
50 °C in a sealed tube. After heating overnight, the reaction was diluted with EtQAc,
25 washed with water, then bring, dried (NaxSO4), filtered, and concentraied in vacuo io
give Intermediate 1-28F (207 mg, .82 mmol. 100%) as a vellow solid: 'H NMR
(400MHz, CHLOROFORM-d) 8 8.71 (d, /=2.9 Hz, 1H). 7.74 (d, J/=1.8 Hz, 1H), 7.46
(s, 1H), 7.29 (d. J=2.9 Hz, 1H), 3.95 (s, 3H), 2.50 (s, 3H), LC-MS: Method H, RT =
1.06 min, MS (ESI) m/z: 252/254 (M+H)'
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Intermediate 1-28:
Intermediate 1-28F (183 mg, 0.726 mynol), bispinacolatodiboron (369 mg, 1.45

mimol}), potassium acetate (178 mg, 1.82 mmol), and PACh(dppf)-CHLCl adduct (47 4

Wh

mg, 0.058 mmol} were stored on HIVAC for 15 minutes then were dissolved m dry
I4-dioxane (7.26 mL) and degassed for 15 minutes by bubbling with argon. The
reaction was heated to 130 °C in the microwave for 40 munutes. The reaction was
dilited with EtQOAc and washed with water then brine, dried (NapS(4), filtered, and
concentrated i vacuo. The crude material was purified by silica gel chromatography
10 (ISCO, 24 g silica gel columm, 19 minute gradient from 0 to 100% EtOAc in DCM then
0 to 20% MeOH in DUM) to give Intermediate 1-28 (108 mg, 0.36 mmol, 50%) as a
brown sohid: LC-MS: Method H, RT = 0.80 min, MS (ESI) w2 218.0 (boronic acid

observed, M+H}"

15 INTERMEDIATE 1-29
6-chloro-3-methoxy-8-(4,4,5, 5-tetramethvl-1,3,2-dioxaborolan-2-y Dquinoline
Intermediate 1-29 was made from methyl 2-amino-5-chlorobenzoate via the
procedure described for Intermediate 1-28. LO-ALS: Method H, RT = 0.84 min, MS (ESD)
m/z: 238.0 (boronic acid observed, M+H)"

20
of PN
~
N
B\
O O
VAR (1-29)
INTERMEDIATE [-30
2-2-{{tert-butyldimethyisilyljoxy jethoxy jpyrimidin-S-amine
_N>_
o
¢
25 OTBS (1-30)

Intermediate I-30A: 2-({S-nitropyrimudin-2-yljoxy jethanol
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OH

J
Ni/j%N
K]/)
NO:  (1.304)
2-chloro-S-nitropyrimidine {1 g, 6.27 mmol} was mixed with ethyiene glycol
(& mi, 143 mmol} and DIEA (3.28 ml, 18 81 mmol) was added. The mixture was
stirred at 80 °C for 20 minutes and was then poured into 30 mL of ice water. 40 mL of
Et0OAc was added to the maxture followed by 20 k. of 1N ag. HCL EtQOAc (30 ml x
33 was used to extract the ag. layer. The combined organic layer was washed with
brine, dried with sodium sulfate, filtered and concentrated to give 1-30A 1n
quantitative vield as a yvellow oil. The product was brought forward without further
purification. 'H NMR (400MHz, CDCI3) § 9.33 (s, 2H), 4.73 - 4.51 (m, 2H), 4.08 -
3.96 (m, 2H), 2.41 (br. 5.. 1H),

Intermediate I-30B: 2-(2-{{tert-butyldimethylsilyloxy jethoxy }-S-nitropyrimidine
OTBS

J
O
S
NO (1-30B)
I-30A, {1.23 g, 6.64 mmaol), was mixed with tert-butylchlorodimethylsilane

{2.003 g, 13.29 wimol) in BCM (20 mi). Inmidarzole (0.905 g, 13.29 mmol) was added
to the reaction mixture and the reaction nuxture stirred at room temperature for 30
minutes. The solid was filtered off and the filter cake was washed with a small
amount of DCM. The {iltrate was mixed with 30 g of silica gel, evaporated to dryness,
and purified by silica gel chromatography (80 g coluron, 0-50% EiQ Ac/hexane) for
purification. The fractions containing desired product were collected and concentrated
to give [-30B, (1.73 g, 5.78 mmol, 87 % vield), as a light yellow solid. 'H NMR (400
MHz, CDCI3) S ppm 930 (2 H, 5), 4.61 (2 H, dd, /=5.50,4.62 Hz}, 402 (2 H, dd,

J=5.61,4.73 Hz), 0.88 (9 H, 5), 0.09 (6 H, 5). LC-MS: Method H, MS (ESI) m/z:

300.0 (M+H),
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Intermediate [-3(:

I-30B, (1.73 g, 5.78 munol}, was dissolved in THF (40 ml). Wet Pd-C (0.307 g,
0.289 nmunol, 10% by wt) was then added to the solution. The mixture was then
evacuated and backfilled with hydrogen 3x, and the mixture was stirred under 1 atm

Ha for 7 hours at rt. The catalvst was filtered off over a pad of celite which was

washed with a small amount of EtOAc. The filtrate was concentraied to vield 1-30,

{1.53 g, 5.68 mmol, 98 % vield), as a grav solid. 'H NMR (400 MHz, CDCI3) & ppm

BOS(2H, o)L 4352 H, £, A=550H2, 397 2H, (/=561 Hz), 1.69 (2 H, d, /=506

Hz), 0.89 (9 H, s), 0.08 {6 H. 8). LC-MS- Method H, MS (ESI) m/z: 270.1 (M+H)".
10

INTERMEDIATE 1-31
(R)-2-2-{{(tert-butyldimethylsityDoxv propoxy)py rimidin-5-amine

ﬁOvLOTBs
HNT N

-31)

This intermediate was prepared from (R}-ethvi 2-hvdroxypropanoaie in the
15 same manner as described for 1-32 below. 'H NMR (400MHz, CDCI3) 6 7.97 (s, 2H),
4.20 - 4.06 (m, 2H), 4.01 - 3.93 (m, 1H), 3.29 (br. 5., 2H), 1.17 (d, J=6.2 Hz, 3H),
0.81 (s, 9H), 0.01 (d, J=6.2 Hz, 6H LC-MS: Method H, MS (EST) m/z: 284.2 (M+H)
INTERMEDIATE 1-32

(8)-2-(2-((tert-butyidimethylsilyoxy )propoxy jpyvrimidin-5S-amine

/EN/\\(O\/\OTBS
HNT 2 N

(1-32)

Intermediate I-32A: {S)-ethy! 2-{(tert-butyldimethylsilvlyoxy)propanocate

0
TBSO\_)kOEt

Me (1-32A)
Ethyl {S)-2-hydroxypropanoate (1.50 g, 12.70 mumol), imidazole (2.2 equiv.)
25 and TBS-CH{2.0 equiv.) were dissolved in DCM (0.1 M). The reaction was aliowed to
stir at room temperature for 18 h. The reaction maxture was then dituted with 1.5 M
dipotassium phosphate solution and extracted with EtOAc (3x). The combined
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organic laver was washed with brine (Ix), dried with sodium sulfate, filtered and
concentrated. The resulting residue was dissolved in a small arsount of methvlene
chloride and purified by silica gel chromatography to vield 1-32A (2.3 g. 9.90 munol,
78 % vield) as a clear oil. 'H NMR (400MHz, CDCI3) 6 4.35 - 4.28 (m, 1H), 4.18 (1,

5 J=7.5Hz 2H), 1.40 (d, J=6.8 Hz, 3H), 1.28 (1. J=7.2 Hz, 3H), 0.91 (s, OH), 0.10 (s,
3H), 0.07 (s, 3H).

Intermediate I-32B: (5)-2-({(tert-butyldimethylsityDoxy)propan-1-ol
TBSO\E/\ oH
10 Me (1-32B)
1-32A (2.2 g, 9.47 mmeol) was dissolved in THF (100 mi) and the solution was
cooled to -78 °C. To the reaction muxture was added DIBAL-H (23.67 m, 23.67
mmol) and the reaction mixture was alfowed to warm to room temperaiure and siirred
for 3 h at room temperature before being guenched with saturated Rochelle's salt. The
15 quenched reaction nuxture was sturred for 18 h at roorn temperature and then
extracted with EtOAc (3x). The combined organic layer was washed with bring, dried
with sodiom suifate, filtered and concentrated under reduced pressure to vield I-32B
in quantitative yield. 'H NMR (400MHz, CDCI3} § 3.87 - 3.77 (m, J=2.6 Hz, 1H),
3.46 -3.37 (m, 1H), 3.32 -3.21 (m, 1H), 1.03 (d, J=6.4 Hz, 3H), 0.82 (s. SH), 0.00 (s,
20 6H)

Intermediate 1-32C:

(8)-5-bromo-2-2-{(tert-butyldimethylsityDyoxv)propoxy ypyrimidine

JI/\N/\\( O"otBS
N
Br N (1-32C)

25 Triphenyiphosphine (2.88 g, 10.98 mmol} was dissolved in THF (143 ml}) and
the solution was cooled to 0 °C. BIAD {1.941 ml, 9.98 mmol) was added and reaction
mixture was allowed to stir for S munutes at 0 °C. I-32B (1.9 g, 9.98 nunol} was added
{0 the reaction mixture and the reaction mixture was allowed to stir for 10 minutes al
0 °C. S-bromopyrimidin-2-ol (1.5 g, 8. 57 mmol) was then added 1o the reaction

30 mixture which was allowed to warm to room temperature slowly and stirred for 72
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hours at rt. The reaction mixture was then difuted with water and extracted with
EtOAc (3x). The combined organic layer was washed with bring (1x}, dried with
sodium sulfate, filtered and concentrated. The resulting residue was dissolved in a

simall amount of methylene chloride before being charged to an 80 g silica gel

Wh

cartridge which was eluted with a 30 min gradient from 0-100% EtOAc in hexane.
Fractions containing desired product were collected and concentrated to yield 1-32C
(1.9 g, 5.47 romol, 55 % vield). "H NMR (400MHz, CDCI3) § 8.52 (s, 2H), 4.34 -
4.26 (m, 1H), 4.18 (s, 1H), 4.15 - 4.05 (o1, 1D, 1.24 (d. J=6.2 Hz, 3H), 0.87 (s, 9H),
0.07 (d. J=8.1 Hz, 5H). LC-MS: Method H. MS (ESD m/z: 349.1 (M+H)".

10

Intermediate I-32D:
nune

| N\\ro\/:\OTBS
&
A

Ph” ~Ph (1-32D)

[
(i

To a vial containing 1-32 C (1.0 equiv.), palladium(l) acetate (0.1 equiv.},
BINAP (0.2 equiv.), cestum carbonate (1.2 equiv.) and diphenyimethanimine (1.1
equiv.) was added toluene (0.5 M). The vial was sealed, evacuated and backfilled with
Ar 3x. and the reaction mixture was heated to 105 °C for 18 hours. The reaction
mixture was then diluted with Et0Ac and washed with 1M aq. NaOH (1x) and brine
20 (Ix). The organic layer was dried with sodium sulfate, filtered and concentrated. The
resulting residue was dissolved in methylene chioride before being purified by silica
gel chromatography to provide 1-32 D {78% yield). ‘H NMR (400MHz, CDCI3) 8
7.95 (s, 2H), 7.78 - 7.71 (m, 2H), 7.53 - 7.30 (m, 6H), 7.16 - 7.06 (o, 2H), 431 - 4.11
(m, 2H), 4.08 - 4.01 {m. 1H), 1.22 (d. J=5.9 Hz, 3H), 0.87 (s, 9H), 0.05 (d. J=9.9 Hz,
6H). LC-MS: Method H, MS (EST) m/z: 4482 (M+H)".

|\
W

Intermediate 1-32:
1-32D (1.9 g, 4.24 mmol) was dissolved in 90:10:0.1 MeOH/water/TFA (14
ml} and the solution stirred for 1S minuies at room {emperature then basified with 1.5

30 M dipotassium phosphate solution and extracted with EtOAc (3x). The combined
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organic laver was washed with brine (Ix), dried with sodium sulfate, filtered and
concenirated. The resulting residue was dissolved in methylene chloride and charged
to an 80 g sihica gel cartridge which was eluted with a 30 yon gradient from 0-15%

MeQOH in methylene chloride. Fractions containing the desired product were

5 concentrated to yield 1-32 (210 mg, 0.741 mmol, 17 % vield). 'H NMR (400MHz,
DMSO-de) 6 7.92 (5, 2H), 493 (5, ZH), 416 - 3.83 {m, J=7.4, 5.6 Hz, 3H), 1.12(d,
J=6.2 He, 3H). LC-AMS: RT = 1.01 nun, LC-AMS: Method H, MS (ESTym/z: 284.2
(MY

10 EXAMPLE 001

{1R,28)-4 4-difluoro-2-((5-fluoro-2-(Z-methoxy-7-methyiquinoxalin-5-yi)benzo|djthi

azol-6-yhoxy oy clohexyl (2-(2-hy droxy ethoxy ypyrimidin-5-ylicarbamate
N 0]
T o
N N

g_\/N

NV
o,

: OQ
F

F { 001)

NS

15 Example 001A:
(1R, 284 4-difluoro-2-({5-fluoro-2-(2-methoxy-7-methylquinoxalin-5-ybenzofd {thi

N O
T
N
N“s

F Qum

azol-6-yhoxy ey clohexanol

F T (001A)

20 In around bottom flask charged with a stirring bar, 1-05 (183 mg, 0.479 mmol} was
mixed with 120 {157 mg, 0.718 mamol) in 1, 4-dioxane (2.5 mL). Na:CGOs solution

(aq., 1.5 mL, 2M) was added, followed by PdCh{dpp{-CH2Clr adduct (1935 mg,
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0.024 mmol}. The mixture was stirred at 90 °C for 30 minntes. After cooling io RT,
the reaction mixture was diluted by adding 30 mbL of EtOAc and 20 mi. of water.
After separation, the agueous layer was extracted with 20 mbL of EtOAc. The
combined organic phases were washed with brine, dried over NaxSOy, filtered and
concentrated. The crude product was purified by silica gel chromatography (5i0a,
0-100% EtOAc/hexane gradient). Removing solvent gave Example 001 A (163 mg,
1.343 ramol, 71.6 % vield) as a yellow solid. ZC-MS: method H, RT =125 nun, MS

(ESD m/z: 476.1 (M+H)Y".

Example 001B:
(1R, 28)-4 4-difluoro-2-((5-fluoro-2-(2-methoxy-7-methy lquinoxalin-3-ylbenzofd jthi

azol-6-yhoxy }eyelohexyl carbonochloridate
N i :Nj/o\
N/
N”s o
3
s
%
: OQ

F T (001B)

Example 001A (163 mg, 0.343 mmol} was dissolved in anhvdrous THF (5 mi)} and
was treated with phosgene solution in Toluene (2.447 ml, 3.43 mmol), catalyzed by
pvridine (27.1 mg, 0.343 mmol). The reaction was stirred at room temperature
overnight. On the next day, the solvent was removed. The residue was dned on
HVAC and used as crude in the next step. LC-MS: method J, RT =1.17 nun, MS
(EST) m/z: 538.0 (M+H)".

Example 001C:
(1R, 28)-4 4-difluoro-2-((5-fluoro-2-(2-methoxy-7-methy lquinoxalin-3-ylbenzofd jthi
azol-6-yhoxy }eyelshexyl

(2-C-((tert-butyldimethyisilyDoxy Jethoxyjpy rimidin-3-y1)carbamate
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(G01C)

Example 001B (18.83 mg, $.035 mmol) in anhvdrous DCM (1 mL} was added

dropwise into the solution of Intermediate 1-30 (14. 14 mg, ¢.053 mmol} and pyridine

[

(5.66 i, 6.070 mruol} in anhydrous DCM (1 wl). The mixture was stirred at room
temperature tor 3 hours. Then the reaction oixture was loaded on a silica gel column
(12 g silica) and eluted with 0-100% EtOAc/hexane gradient. The desired fractions
were collected and evaporated to give

cis-4 4-difluoro-2-{(5-fluoro-2-(2-methoxy-7-methy lquinoxalin-S-vHbenzol dfthiazol-
10 6-vhoxy)evelohexyl
(2-(2-((tert-butyvldimethvisily Doxy Yethoxy)py rimudin-3-y1jcarbamate (18 mg, 0.023
mmol, 66.7 % vield) as the title compound. LC-AY: wethod J, RT = 1.36 min, MS

(EST) m/z 771.0 (M+H)™

15 Example 001
Example 001C (18 mg, 0.023 mmol) was dissolved in THF (1 mL) and treated with
TBAF solution in THF (0.467 mL, 0.467 mmol) at room temperature for 30 nunutes.
Then reaction was diluted by adding 20 mL of EtOAc and 10 mL of water. After
separation, the organic fayer was dried over NazS04, filtered and concentrated. The

20 crude product was purified via preparative LC/MS with the following conditions:
Colunm: Waters XBridge €18, 19 x 200 ram, 5-pm particles; Mobile Phase A: 5:95
acetonttrile; water with (0.1% trifluoroacetic acid; Mobile Phase B: 95:5 acetontitrile:
water with 0.1% trifluorcacetic acid; Gradient: 40-100% B over 20 minutes, then a
S-munute hold at 100% B; Flow: 20 mL/nun. Fractions containing the desired product

25  were combined and dried via centrifugal evaporation to give the title compound (8.2
mg, 0.012 mmol, 51% vield). 'H NMR (400 MHz, CDCl3) 8 ppm 8.65 (2 H, 5), 8.62
(1H,d,J=1.98 Hz). 8.56 (1 H,s), 7.84 (1 H, d, J=11.44 Hz). 7.78 (1 H, dd, J=1 98,
0.88 Hz), 7.60 (1 H, &, J=7.70 Hz), 6.79 (1 H, brs), 5.44 (1 H, brs), 457 (1 H, d,
J=10.12 Hz), 4.50 (2 H, dd. J=5.17. 3.63 Hz), 4.14 (3 H. 8), 3.96 - 4.04 (2 H, m). 2.66
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(3H,s),258(ZH, brs),224-236( H.m), 202-219(2 H, m), 1.81 -1.94 (1 H,
my, 1.27 (1 H, 1,./=7.15 Hz); “F NMR (376 MHz, CDCl3) ppm -95.90 10 -80.92 (2 F,
my, -132.44 (1 F, s}, LO-MS: method H, RT =110 mun, M8 (EST) m/z: 6572
(MHHY

EXAMPLE 002 TG 014
The following additional examples have been prepared, isolated and
characterized using the methods described for Example 601and the examples above,

from corresponding cyclic diol and aniline intermediates.
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EXAMPLE 015
(IR,
25)-4,4-diftuoro-2-{{ 5-fluoro-2-(3-methoxy-6-methylquinolin-8-viybenzof djthiazol-6-

3 vhoxy yevclohexyl (2-(2-hvdroxyethoxy)pyrimidin-5-yijcarbamate
R SN _/—OH
N N
/ \N
N“s o )=

M—NH
S

F OQ
F

F

Example 015 was prepared, 1solated and characterized using the methods described

10 for Example 001 and the examples above, from Intermediate 1-28 instead of 1-20. 'H
NMR (500 MHz, DMSO-de) ppm 977 - 1001 (O H, m), 878 (1 H, brs), 859 (3 H,
m), 812 (1 H. 4. J=7.63 Hz). 7.93 (1 H. d. J=11.29 Hz). 7.86 (2 H, d, }=3.36 Hz),
5340 H m, 48 (1 H m) 423 CH m), 398G H,s),367(2H m),2.60(GH,
s), 254 BH. m), 2.13 3 H, m), 1.94 (1 H. m.). ¥F NMR (471 MHz, DMSO-ds) ppm

15 95821t -8575Q2F, m), -133.46 (1 F, g); LC-MS: method L, RT = 1.92 min, MS
(ESI) m/z: 656.25 (M+H)".

EXAMPLE 016

(1R, 28)-2-(2-(6-chloro-3-methoxy quinolin-&-y1}-5-fluorobenzo| djthiazol-6-yHoxy }-
20 4 4-difluorocyclohexyl (2-(2-hvdroxyethoxy)pyrimidin-S-yijcarbamate

Cl 0]
2 ~ OH
o/
NN
N
7 N
NS o —

258

Example 016 was prepared. isolated and characterized using the methods described

O

for Example 001and the examples above, from Intermediate 1-29 instead of I-20. 'H

25 NMR (400 MHz, DMSO-ds) ppm 9.86 - 9.99 (1 H, m), 890 (1 H, d, J=2.86 Hz), 8.64

11
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(1 H d F=242H7), 838 2 H,s), 822(1 H, d, J=2.42 Hz}, 8.17 (1 H, d, =8.14 Hz),
793-80602H, m}, 5341 H, brs) . 492{(1 H, brs), 486 (1 H, {, J=3.61 Hz), 421 2
H, £, J=495H7),400(3H,8),362-371CH m),255(2H,d =198 Hz), 2.03 -
221 (3H, m). 1.84 - 2.00 (1 H, m); F NMR {376 MHz, DMSO-ds) ppm -88.51 10
9036 (2F, my, ~133.05 (1 F, brs), LC-ALS: method H, RT = 1.14 min, MS (ESDm/z:
676.1 (M+H)"

EXAMPLE 017
(1R.28)-24(2-{6-chloro-3-methoxy quinolin-8-vH-3-fluorobenzol djthiazol-6-v1joxy -
4. 4-difluorocyclohexy! (2-methy lpyrxmjdm_, -vhcarbamate

A

N? s

//

¢ OQ
F

E
Example 017 was prepared. isolated and characterized using the methods described
for Example 001 and the examples above, from Intermediate 1-29 instead of 1-20. 'H
NMR (500MHz, DMSO-ds) 6 10.03 (brs, 1 H), 8.87 (brs, 1 H), 8.70 (br s, 2H}, 8.62
(s, 1H}, 8.19(s, 1 H), 8.15(d, /=79 Hz, 1 H}, 8.02-7.89 (m, 2H}, 535 {brs, 1 H},
492 (brs, 1 H}, 3.99 (s, 3H), 2.62 - 2.56 (m, 2H), 2.54 (s, 3H), 2. 15 {br s, 3H}, 1.95
(d, /=6.7 Hz, 1 H); F NMR {471 MHz, DMSO-ds) & ppm -89.30 to -86.27 (1 F, m),
9631 t0-92.88 (1 F, m), -133.04 (0 F, brs); LOC-ALS: method L, RT = 2.38 min, MS
(ESD m/z: 6301 (M+H)"

EXAMPLE 018

/-/L4—d1ﬂu9mcyciohexy (2—methylpynm1dm_ﬁ_yi}carbamate
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pss
" >\_NH

¢ (018)

Exarmple 018A:

{(1R.28)-2-{{2-{2-{difluoromethoxy }-7-methylquinoxalin-5-vi)-5-fluorobenzo{djthiazo
5 L6-yvhoxy -4 4-diftuorocy clohexanol

Ho,

F [e]IITEY
F

F (018A)

In a vial charged with a stirring bar, 1-05 (25 mg, 0.065 mmol) was mixed with [-23
(19,94 mg. 0.078 mmol) in | 4-dioxane (1 mL). NaxCOs5 (0.5 mi, 1.600 mumol) ag.

10 solution was added, followed by PdCh{dpph-CH2Cly adduct (5.34 mg, 6. 54 umol).
The mixture was stirred at 90 °C for 1 hour. After cooling to RT, the organic phase
was taken out and evaporated. The residue was purified by flash chromatography (12
¢ silica column, 0-100% EtO Ac/hexane). The desired fractions were evaporated to
give OI8A (28 mg, 0.055 mmol, 84 % vield) as a yellow solid. ZC-MS: method H, RT

15 = 1.21 min, MS (BSI} m/z; 5121 (M+H)"

Exarmple 018B:

{(1R.28)-2-{{2-{2-ethoxy-7-methylquinoxalin-5-y1}-5-fluorobenzo| djthiazol-6-vioxy }-

4. 4-difluorocy clohexanol

113
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N\ o
Va
N
N7 s
HQ,
F Ol
F

F (018B)

To THF (2 mL)Yethanol (2 mL) was added NaH (5.32 mg, 0.133 mmol, 60%) slowly.
After bubbling stopped. intermediate 018A (34 mg, (.066 mmol} in THF {1 mL) was
added. The mixture was stirred at room temperature for 3 hours. The solvent was
removed and the residue was dissolved in 13 mi. of EtOAc, washed with water, brine,
dried over anhydrous Na:SQq, filtered and evaporated to give intermediate 0188 (25
mg, 0.051 mmol, 77 % vield) as a white solid. LZC-AS: method H, RT = 1.10 min, MS
(ESD) m/z; 490.0 (M+H),

Example 018C:
(1R ,28})-2{(2-{ 2-ethoxy-7-methylquinoxalin-5-y1}-5-fluorobenzo]| djthiazol-6-vhoxy)-

4, 4-difluorocyclohexyl carbonochloridate

WEI i
T yc.

/
’r

F Ol
F

Fo(0180)

In a vial charged with a stirring bar, Intermediate 018B (25 mg, 0.051 nunol) was
dissolved in anhvdrous THF (2 ml} and treated with phosgene (0.364 mi, 0511
mmol) in toluene. Pyridine (8.26 ul, ¢.102 mmol} was added. The mixture was stirred

at room ternperature for 18 hours. On the next day, the solvent was removed and the
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crude product was used without purification in the next siep. LO-MS: method J, RT =

1.25 min, MS (ESI) m/z: 5521 (M+H)"

Example 018:

Wh

In a vial charged with a stirring bar, Intermediate 018C {22.5 mg, 0.041 mmol} was
dissolved in DCM (2 L), Z-methylpyrimidin-5-amine (17.79 mg, 0.163 mmol) was
added, followed by pyridine (0.016 mL, 0.204 mmol). The mixture was stirred at
room temperature for 1 hour. The crude material was purified via preparative LC/MS
Method C: Fractions containing the desired product were combined and dried via
10 centrifugal evaporation to give Example 018 { 8.0 mg, 0.013 nunol, 31.4% vield) as
the title compound. 'H NMR (500 MHz, CDCL) dppm 883 (2 H, 53, 857 (1 H, 4,
J=1.65Hz), 849 (1 L, s). 7.80 (2 H, d, J=11.28 Hz), 7.71 (1 H, s), 757 (1 H, 4,
J=7.70 Hz), 5.42 (1 H, brs), 4.56 (3H, q, /=6.97 Hz), 2.71 (3H,5), 2.62 - 2.63 (3 H.
m), 2.51-2.59 (1 H, m), 2.36 - 2.51 (1 FL. m), 2.29 (1 H. &, J=14.31 Hz), 2.06 (2 H, br
15 ). 1.85(1 H, brs). 1.50 (3 H, 1, /=7.02 Hz); 1°F NMR (471 MHz, CDCl5 ) & ppm
~-100.3410-72.99 (2 F, m), -13245 (1 F, d, /=838 Hz); LC-MS method L, RT =2.33
min, MS (ESI} sz 62515 (M+H)"

EXAMPLE 019

20 {1R,283-4 4-difluoro-2-({S-fluoro-2-(Z-methoxy-7-methy lquinoxalin-3-vbenzo| djthi
azol-6-yhoxy)evclohexyl (2-(2-(phosphonooxy yethoxy ypyrimidin-3-vl)carbamate

Example 019A:
25 (IR 28)-4 4-difluoro-2-((5-fluoro-2-(2-methoxy-7-methylquinoxalin-3-vhbenzoldjthi
azol-6-yhoxyeyclohexyl (2-(2-((bis(2-(trimethyIsilyDethoxy yphosphoryoxy jethoxy}

pyrimidin-5-yi}carbamate
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o {019A)

To a suspension solution of Example 001 (362 mg, 0.551 mmol} i anhvdrous DCM
{40 mL) was added bis-(2-(trimethylisilvlethvl) ditsopropviphosphoramidite (0.416
mk, 1.654 momol) followed by | H-etrazole (116 mg, 1.654 mimol) at RT. After 30
min, the reaction was cooled to 0 °C and hydrogen peroxide {(.336 mL, 5.51 mmol})
was added. The reaction mixture was allowed to warm {o room temperalure and the
solution cleared up. After 30 nunutes, the reaction mixture was diluted with EtQAc,
and washed with Sat. Nax$:03. The organic phase was dried over anhyvdrous NapSQOq,
filtered and concentrated. The crude product was added to a silica gel (40 g} column
(pre-flushed with 1% TEA/Hexane) and eluted with 0-100% EtOA/DCM. Collected
fractions were evaporated to give Example 019A (301 mg, 0.321 nunol, 58.3 % yield)

as the product. LC-MS: method H, RT =1 .40 nun, MS (ESH m/z: 937 2 (M+H)".

Exarmple 019:

To a solution of intermediate 019A (300 mg, 0.320 mmol} in DCM (5 mL) was added
TFA (1 mL, 12.98 mmol}. The mixture was stirred at room temperature for 10
mimites. Then the solvent was removed and the residue was purified by preparative
HPLC, Method B. The collected fractions were evaporated and freeze-dried to give
Example 019 (120 mg, 0.160 mmol, 49.9 % vield) as a white solid. "H NMR (400
MHz, DMSO-ds) 8 ppm 9.97 (1 H, brs), 8.74 (1 H, s). 8.61 (2 H, brs), 857 (1 H. d,
J=1.76 Hz), 8.15 (1 H. 4. J=8.14 Hz), 797 (1 H, d, J=11.66 Hz), 7.84 (1 H. 5), 5.35 (1
H,brs), 4.79-503 (1 H, m), 437 (2 H, brs). 409 (5H, ), 3.34 (7H, brs), 2.02 -
229 (3H, m), 1.69-1.99 (1 H, m); F NMR (376 MHz, DMSO-ds) & ppm -98.15 to
-83.91 (2F, m), -133.18 (1 F, s); ZC-MS: method H, RT = 1. 07 min, MS (EST) m/z:
736.9 (M+H)"

EXAMPLE 020
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rac-{cis}-4,4-difluoro-2-((5-fluoro-2-(2-methoxy-7-methylquinoxalin-3-yibenzofd jthi
azol-6-vhosyicyclohexyl (2-(2-(phosphonooxy Jethoxy)pyrimidin-5-ycarbamate

oy
%

F

(93}

Example 020A :

2-4{2-amino-6-fluorothiarolof S, 4-blpynidin-5-yDoxy)-4,4-diflucrocy clohexanone

ﬁ; II e

10 In around bottom flask charged with a stirting bar, Intermediate 1-22 (200 mg, 0.576
mimoly was dissolved in DMF (5 mL). KoCUGs (319 mg, 2.305 mmol) was added. The

(020A)

mixture was stirred at room temperature for 10 minutes, then
2-chloro-4 4-difluorocyclohexanone (486 mg, 2 88 nunol} was added. The mixture
was stirred at 70 °C for 3 hours. After cooling to RT., the reaction was diluted by
15 adding 40 mL of EtOAc and 20 mL of water. After separation, the ag. layer was
extracted by EtOAc (20 ml %2} The combined organic phases were washed with
brine, dried over NaxSQq, filtered and concentrated. The residue was purified by flash
chromatography (24 g silica gel, 0-100% EtQAc/DCM). Removing solvent gave
Example 020A (146 mg, (.460 mrmol, 80 % vield) as product. ZC-MS: method H, RT
20 =0.79 min, MS (ESD m/z: 318.1 (M+H)".

Example 0208 :

2-{(2-chloro-6-fluorothiazolo] 5. 4-blpyridin-Svoxy -4, 4-difluorocyclohexanone

ﬁ;\ II»-C.

(0208)

117
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In a round bottom flask charged with a stirring bar, copper{ll} chloride {93 mg, 0.690
mmol) and tert-butvl nitrite (71.2 mg, 0.690 mmol} were dissolved i anhydrous
acetonutrile (2 ml) and allowed to stir 10 minutes. Example 020A (146 mg, 0.460
mmol} was dissolved in acetonitrile (3 ml} to which the copper solution mixture was
added. Afier stirring for 4 hours, the reaction was diluted by adding FtOAc, washed
with sat. NHaCl, saturated NaHCOs, then brine, dried on NaxSQq, filtered, and
concentrated in vacuo. The crude product was purified by silica gel chromatography
(24 g column, 0-100% EtOAc/hexane, then G-10% MeOH/B{UM). The desired
fractions were collected the solvent removed to give Example 020B (63 mg, 0.187
mmol, 40.7 % vield) as the product. LC-MS: method H, RT = 1.07 min, MS (ESI)
mz: 3371 (M+HY'

Example 020C :

rac-cis-2-{{2-chloro-6-fluorothiazolo| 5 4-bpyridin-3-vioxy)-4 4-difluorocyclohexan

F F
F N
=

\
Y-
07 N7 S
OH

In a round bottom flask charged with a stirring bar, Example 020B (63 mg, ¢.187

ol

(0200)

mmol) was dissolved m anhydrous THF (8§ mil) under N2 and was cooled to -78 °C.
L-Selectride (0.187 ml, 0.187 mmol} was added dropwise. The mixiure was stirred at
=78 °C for 3 hours. Then the reaction was allowed to warm to RT, quenched by
adding 5 mb of sat. NHiCl (aq.) solution, extracted by FIOAc (20 mL x3). The
combined organic phases were washed with brine, dried over NazSQq, filtered and
concentrated to give crude Example 020C (59 mg, 0.174 mmol, 93 % vield) as oil.

LC-MS: method H, RT = 1.04 min, MS (ESI) m/2: 339.0 (M+HY"

Example 020D :

rac-ci5-4,4-difluoro-2-{{6-fluoro-2-(2-methoxy-7-methy lquinoxalin-S-yHthiazolo[ 5,4-

bipyridin-5-vhoxv)cyclohexanol
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FF
F N
T
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A (020D
In a vial charged with a stirring bar, Example 020C (59 mg, 0.174 mmol) was mixed
with 1-20 in 1.4-dioxane {2 mL}. Aqueous Na:COs (0.5 mL, 2M) solution was added,
followed by PACh{dpph)-CH2Ch adduct (7.11 mg, 8.71 ymol}. The mixture was
stirred at 100 °C for 1 hour. After cooling to RT, the reaction was diluted by adding
20 mL of FtOAc and 10 mL of water. After separation, aqueous layer was extracted
by EtOAc twice (10 mL x2). The combined organic phases were washed with brine,
dried over NaxS0s, filtered and concentrated. The crude product was purified by silica
gel chromatography (12 silica gel column, (-100% EtQAc/hexane, hold 100% EtOAc
for S minutes.) The desired fractions were removed the solvent to give Example 020D
(29 mg, 0.061 mmol, 34.9 % vield) as product. LZC-MS: method H, RT = 1.30 min,
MS (ESD m/z: 477.1 (M+H)'.

Example 020:

Example 020D (29 mg, 0.061 vywol) was dissolved 1n anhydrous THF (3 rol) and was
treated with phosgene (0,434 mi, 0.609 mmol} at room temperature for 4 days. Then
solvent was removed and the residue was dissolved in BCM (3 mL).

2-methy Ipyrumdin-S-amine (26.6 mg, 0.243 mmol) was added, {ollowed by pyridine
{0,023 mi, 0.304 mmol). The maxture was stirred at room temperature for 2 hours.
The solvent was removed in vacuo and residue was purified on preparative HPLC
with method D and dried to give Example 020 (5.5 mg, 0.008 mmol, 14.5%) as the
product. 'H NMR (500 MHz, DMSO-ds) & ppm 9.95 (1 H, brg), 8.64 (2 H, m), 856
(1H,s), 842 (1 1, 5), 834 (1 H, d, J=10.68 Hz), 7.75 (1 H, 5), 5.65 (1 H. m), 5.36 (
H,m), 404 (3, 5), 262 (2H. 4, J=13.73 Hz), 257 (31, 8), 243 (3H, 51, 216 (3 H,
m), 1.95 (1 H, m.); "F NMR (471 MHz, DMSO-ds) § ppm -88.9 (2 F, m), -139.81 {1
F, br s}, LC-MS: method L, RT = 2.483 min, MS (ESI) m/z: 61230 (M+H)"

EXAMPLE 021

19

PCT/US2017/041868
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rac-cis-2-({ 5-fluoro-2-(2-methoxy-7T-methylquinoxalin-5-yhbenzo| djthiazol-6-v1joxy}
cyclopentanol

\E\%[NTO\
P a
N
NZ s

</ \> HQ

F o—é

Example 021 (557 myg, 1.309 mmol, 64.0 % vield) was made from 1-20 (491 mg,

(021

2.252 mnol} and 1-01 (680 mg, 2.047 mmol) via the procedure described for Example
001 A as a yellow solid. "H NMR (400MHz, DMSO-ds} 6 8.98 (s, 1 H), 8.89(d, J=1 .8
Hz, 1 H), 8.56 (d, J=2.0 Hz, 1 H). 8.04 (d, J=8.4 Hz, 1 H), 8.00 (d, J=11.7 Hz, 1 H),

10 473(d,J=5.1Hz, 1 H),4.69 (m, | H), 429-4.21 (m. 1 H), 4.14 (s, 3H), 2.10 - 2.01
(m, T H). 1.93-1.76 (m, 3H), 1.72 (m. 1 H), 1.56 (m, 1 H); 19F NMR (376MHz,
DMSO-ds) §-132.53 (s, 1 F); LO-MS: method H, RT = 1.21 min, MS (ESI) m/z:
4261 (M+H)Y".

13 EXAMPLE 022

(1R, 28)-2((5-fluoro-2-(2-methoxy-T-methy lquinoxalin-S-viYbenzo{djthiazol-6-vHox
vicyclopentyl (6-methoxypyridin-3-yl)carbamate

N O
N7 s Q

N
H

F Qe

O

(022)

Example 022A:
(1R, Z28)-2-((5-fluoro-2-(2-methoxy-7-methviguinoxalin-5-y)benzo[d ithiazol-6-vHox

yicyclopentan-1-ol
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F N

O,

Y0 S
HO AN /<N

Vs (022A}
Example 022A (185 mg, 0.435 mmol, 33.2 % vield, peak 1, retention time 10.47 min)
was obtamned from chiral separation of Example 021 (557 mg, 1.309 mmol):
Instrument: Berger Multigram I SFC; column: Chiralpak [A, 21 x 250 num, 5 micron;
Mobile Phase: 35% EtOH / 65% C02; Flow Conditions: 45 mL/min, 150 Bar, 40°C;
Detector Wavelength: 220 nm. The assigned chirality has been verified by the chiral
svithesis of this intermediate by an alternate route. Starting from
(1R 2R)-2-hydroxycyclopentyl acetate, Mitsunobu reaction with 1-09, followed by
Suzuki cross-coupling with 1-20, which concomutantly removed the acetate protecting
group, provided a sample of Example 022 A which was identical in all respects to that

obtained by chiral separation of Example 021, including chiral HPLC retention time.

Example 022B:
(1R, 28)-2-((5-fluoro-2-(Z-methoxy-T-methylquinoxalin-5-ybenzo[djthiazol-6-vHox

vicyclopentyl carbonochlondate

F N
Q,
(o) S
Cl 2
0 N\ /N
Z]/ O
7/ {022B)

Example 0228 was made from Example 022A via the procedure described for

Example 0018, LC-AMS. method H, RT = 1.19 min, MS (EST m/z; 488.0 (M+H)Y"

Example 022:

Example 022 was synthesized from Example 022B via procedure described for
Example 001C. 'H NMR (400MHz, CDC1) 8 8.60 {d, J=1.5 Hx, | H), 8.55 (s, 1 H),
797(d, J=29Hz 1H), 780 (d, =112Hz, 1 H}),7.78-776{m, 1 H), 7.66 {d, J=7.7
Hz, 1H), 7.56-7.50 (m, 1 H). 6.64 {d, J=8.8 Hz 1 H), 6.43 (brs, 1 H), 5.25 (d, J=4.0
Hz, 1 H), 5.00-4.85 (m, 1 H), 4.14 (5. 3H), 3.81 (s, 3H), 2.66 {5, 3H), 2.16 - 2.06 (m,
4H), 1.71 (d. J=7.5 Hz, 2H): °F NMR (376MHz. CDCl3) § -78.5 (m, 2 F), -133.28 (br

5, 1 Fy, LO-MS: method H, RT = 1.22 nun, MS (ESI} m/z: 376.3 (M+H)".
121
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EXAMPLE 023 TO 038
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The following additional examples have been prepared, isolated and

characterized using the methods described for 022 and the examples above, from

F

N,
N
NZ s 0
N
QQ}H

o]

5 corresponding cyclic diol and aniline intermediates.
LCMS | LCMS
Ex.
] Structure Churality| IM+H]T [RT(Min)y NMR
Ne. miz | Method
H NMR (400MHz, CDCl3) § .60
(d,J=1.5Hz | H). 855 (s. 1 H),
797 (d,./=2.9 Hz, 1 H), 7.80 (d,
J=11.2 Hz, 1 H), 7.77 (dd. J=2.0,
j/o\ 0.9 Hz 1 H), 7.66 (d. J=5.6 Hz, |
\?i ~ —~ o~ [(1S.2R) H).7.55 - 7.50 (m, | H), 6.64 (d,
023 Q 5762 | 127/H U=88Hz 1 H), 6.45 (brs, 1 H),

5.25(d, F=4.8 Hr, 1 H), 492 (q.
=43 Hz, 1 H). 4.14 (s, 3H). 3.81
(s, 3H), 2.66 (s, 3H), 2.20 - 1.98
(m, 5SH), 1.78 - 1.66 (m, 1 H), 'F
NMR (376MHz, CDCl2) § -133.27

(brs, 1 F)
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024 N\
G &
&

(1R.28)

576.1

2.309/L

H NMR (500 MHz, DMSO-ds) 8
ppm 981 (1 H, 53, 870 (1 H, s},
§33¢1H,s), 799 (1 H, d, /=824
Hz), 7.85-792 (2 H, m), 7.80 (1
H, ), 758 (1 H, 4, /=916 Hz),
735-809(1H, m),S23 (0 H, 4,
J=427Hz), 499 (1 H, d. /=4 .58
Hz), 407 (3H,s), 368 (3H.s),
261 {(3H, 58}, 202-2222H, m),
LOVGBH, my, 1.61-1.71 (1 H, m);
UF NMR (471 MHz, DMSO-ds) 8§
ppm 13331 (1 F, brs)

023

(1R.25)

L
~\J
95
98]

H NMR {500 MHz. DMSGO-ds) 8
opm 9.34 - 9.49 (1 H. m), 8.70 (1
H.5). 8.52 (1 H,s), 7.99 (1 H, d,
F=§ 24 Hzy, 790 (1 H, d, /=11.60
Hz), 7.80 (1 H. 8), 7.26 (2 H, d,
J=8.24 Hz), 6.76 (2 H, d, /=8 85
Hzy, 5.21 (1 H, m), 4.99 (1 H, m),
407 (3H, s), 3613 H, s}, 2610
M, s). 218 (1 H, m), 2.01 - 2.11 (1
Hom), 179-1.98 (3 H. m), 1671
H, m); UF NMR (471 MHz,
DMSQ-ds) & ppm -133.82 (1 F, 8}




WO 2018/013770

PCT/US2017/041868

(026 NTPR )§
g
7 o)

(1R.28)

561.1

2.297/L

H NMR (500 MHz, DMSQO-ds) &
ppm 1020 (1 H, s}, 874 (1 H, s),
856(1H,s), 8382 H,s).801(1
H, d. /=824 Hz), 791 (1 H. 4,
J=11.60 Hz}, 783 (1 H, s}. 5.17 -
532 (1 H, m}y, 5001 H m), 409
(3H.s), 334 (1 H,m), 263 (3 H,
53, 218 (1 H. m), 2.09(3 H, s}, 1.845
-2.00(3H, my, 1.69(1 H, m)

U WNMR (471 MHz, DMSO-ds) 8
ppm -133.22 (1 F, brs)

(18.2R)

LAI8H

'H NMR (400MHz, CDCL)Y 8 8.72
(s, 2D, 8.58 (d, J=1.5 Hz, | H),
.54 (s, 1 H). 7.79(d, J=11.2 Hz. |
H). 7.76 (dd, /=19, 1.0 Hz, 1 H),
7.51{d, /=79 Hz, 1 H), 6.74 (s, 1
H). 5.29 (d, /=4.2 Hz, 1 H), 4.95 -
4.89 (m, 1 H). 4.13 (5. 3H). 2.65 (5.
3H), 2.61 (s, 3H), 2.39 (br s, 2H),
2.22 - 1.98 (ro, 3H), 1.81 - 1.63 (m,
EH),

9 NMR (376MHz, CDCE3) &
13332 (s, 1 F)

1
Q

racemic
{(from

1-03)

576.1

2.613/L

'H NMR (500MHz, BDMSO-ds)
973 (brs, 1 H). 8.72 (s, 1 H), 8.56
(s, TH), 8.21 (brs, 1 H). 8.07 (d,
J=8.1 Hr, 1 H), 7.97 (4. J=11.4 Hz,
1H), 7.82 (s, 1 H), 7.78 (brs, 1 H),
6.78 (d, /=9.1 Hz. 1 H), 5.17 (brs,
1 H), 4.94 (brs, 1 H), 4.07 (s, 3F),
378 (s, 3H), 2.62 (s, 3H). 2.33 -
2.09 (m, 2H), 1.93 - 1.73 (m, 4H)
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(Pf\ 9 N S 0

(IR, 28)

5111

2.693/

H NMR (500 MHz, DMSO-ds) 8
ppm &.71 (1 H, 53, 855 (1 H, s},
788 -8.00 (2 H, m). 7.81 (1 H, s},
7020 H,d,J/=763H7), 5090 H,
m), 4.83-4.98 (1 H, m), 407 (3 H,
$),2.61 (3H,s), 1.93-2182H,
m), 1.84 (3H, m), 1.56-1.69 (1 H,
m), 0.82 - 1.03 (6 H, m);

PFNMR (471 MHz, DMSO-ds) &
ppm 13319 (1 F, 5)

030 | N 7 Q0

(IR, 28}

560.20

2434/L

H NMR (500 MHz, DMSO-ds) &
ppm 11,10 (1 H, 5), 871 {1 H, s},
831 (1H, s, 841 (1 H, d, /=671
H7), 8.02 (1 H, d,./=7.93 Hz), 7.89
(1H,d J=1129Hz), 782 (1 H, s},
7.58-763{2H m}, 332{1H, 4,
J=4 88 Hz}, S.09 (1 H, d, /=4 .58
Hz), 4.08 3 H. s), 2.61 3 H, 5),
247 (3H,s),2.24 (1 H, m), 2.12 (1
H,omy, 187 -203GH m, 171 (1
H, ), 19F NMR (471 MHz,
DMSO-ds) & ppm -133.41 (1 F, s)

Ju—
b2
W
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031 N\
"8

(IR, 25)

576.15

2.039%L

H NMR (500 MHz, DMSO-ds) 8
ppm 9.76 (1 H, br s}, 8.63 (1 H. s).
8451 H,s, 840 (1 H, brs), 794
(1 H,d,=793H7), 783 H, d.
J=11.60 Hz), 7.67 - 777 (2 H, m),
725 H, d /=854 Hr), 5201 H
m), 495 (1 H, m), 434 2 H, s),
400(3H. 5. 3483(1 H,5),254(3
H, 5}, 2.14 (1 H, d, /=6.41 Hz),
195208 (1 H, m), 1.75-1.93¢3
H, m), 1.62 (1 H, d, J=5.80 Hz); ¥F
NMR (471 MHz, DMSO-ds) 3 ppm
-133531 (0 F, brs)

(32 Ni ES

(IR, 28)

360.20

2.087/L

H NMR (500 MHz, DMSO-ds) 8
ppm 1027 (1 H brs), 868 (1 H, s},
859 {1 H, brg), 848 (1 H, s}, 8.00
(2H. m), 7.86 {1 H,s), 779 (1 H.
8}, 753 (1 H, d, /~=885H7), 526 (1
H, o m), 5.05(1 H, m}, 406 (3 H, s},
260 (3H, ). 2353 H, 83, 22108
Hom), 203 -2 14 (0 H.om). 191 (3
H,om), 1.61-1.74 (1 H, m); ¥F
NMR (471 MHz, DMSO-ds) & ppm

13340 (1 F, 5)
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033 Ni ES

racenc
(from

1-01)

(o]
~J
[ @)
bd

"H NMR (500MHz, DMSO-ds) 8
947 {brs, 1 H), 859 (s, 1 Hj}, 8.43
(s, 1H), 803 (brs, 1 H), 7.89 (d.
/=82 Hz, 1 H), 783 (d, J=11.6 Hz,
FHY 7.72{s, 1 H), 7.60 (d, /=67
Hz, 1 H), 6.62 {d, /=8.8 Hz, 1 H),
519 (m, 1 H), 499 (m, 1 H), 4.03
(s, 3H}, 3.60 (s, 3H}, 2.56 (s, 3H),
222-211(m, T H), 2.11-199
{m, T H), 1.88 {m, 3H), 1.65(m, |
H)

(34 Ni i

(1R.28)

571.20

2.534/L

TH WNMR (500 MHz, DMSO-ds) &
ppm 1018 (1 H, brs), 869 (ZH, d,
F=1160 Hzy, 849 (1 H, s), 843 (1
H, brs), 8101 H, brs), 799 (1 H,
d J=793Hz), 787 (1 H, d,
J=11.60 Hzy, 7.79 (1 H, s}, 5.26 (4
H,om), 507 (1 H, m), 406 3 H, s},
2.60(3H. s}.220(1 H m), 2090
H.om), 1.81-201 S H, my, 1.68(1
H, m); UF NMR (471 MHz,
DMSC-ds) & ppm -13340 (1 F, br

s}

[
b2
~3
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035 Ni i

racenc
(from

1-01)

561.9

1184

I NMR (400 MHz, CDCls) 8 ppm
8.67(2H, s), 8.60 (1 H, d, J=1.98
Hz), 8.55 (1 H. ), 780 (1 H, 4,
J=11.22 Hzy, 7.77 (1 H, 5). 7.52 (1
H, d,J=7.70 Hz), 6.47 - 6.64 (1 H.
m), 5.28 (1 H, d. J=4.62 Hz), 4.92
(1 H.d. J=4.84 Hz), 4.14 G H. s),
2.66 (3H. s). 2.61 3 H,s), 1.96 -
2.23 (3 H, m), 0.72 - 0.97 (3 H, m);
9F NMR (376 MHz, CDCl3) 8 ppmi
1133.35 (1 F. 5)

036 NP Q
>y

(1R.28)

37110

2.50/L

H NMR (500 MHz, DMSO-ds) 6
ppm 10.25 (1 H, s}, 8.63 (1 H, s},
BE5(1H,s)844(1 H,s), 7.87 -
795(2H m), 783 (1 H, 4
F=11.29 Hz}, 7.72-7.77 (2 H, m},
5230 H, m), 3.06 0 H, m), 404
(3H. 5L 258 3H,s), 2191 H,
m), 2.08 {1 H,m), 1.84-199 3 H,
m), 1.67 {1 H, m); F NMR (471
MHz, DMSO-de) 8 ppm -133.44 (1
F, s}
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037

(1R.28)

H NMR (500 MHz, DMSO-ds) 8
ppm 989 (1 H, brs), 869 (1 H. s).
861{2H,s), 851 (1 H,). 80001
H, d, /=824 Hz), 789 (1 H. d,
J=11.29Hz), 780 (1 H,5). 525 (1
H, m), 5.03 (1 H, m}, 407 (3H, s},
2.61 (3H,s), 238(3H,8),2.20(1
H. d,./=793Hz), 203-213(1 H,
my, 1.80-2.01 (3H, m}, 1.68 (1 H,
i}

UF NMR (471 MHz, DMSO-ds) 8§
ppm -133.52 (1 F, brs)

038

racemic
{{rom

1-01)

546.15

2.00/L

H NMR (500MHz, DMSO-ds) 8
982 (brs, 1 H), 8.60 (s, 1 H), 852
(brs, 1 H) 843 (s, 1 H), 8.10(d,
=43 Hz, 1 H), 7.93(d, /=7.9 Hz,
FH), 7.83(d, /=11.3Hz 1 H), 7.77
{d. J=85Hz 1 H), 772 (s. 1 H),
723 (dd, /=82 46Hz 1 H), 525
(d,/=4.6Hz, 1 H}, 499(d, J=52
Hz, 1 H), 4.02 (s, 3H), 2.36 (s, 3H),
2.194{d, =67 Hz, 1 H), 2.13-2.02
(m, 1 H), 1.96-1.83 (m, 3H), 1.74
-1.62 (m, 1 H)
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P

\\_/<

(1R.28)

H NMR (500 MHz, DMSO-ds) 8
ppm &.65 (1 H, 53, 849 (1 H, s},
7.84.793¢(2H m).7.76 (1 H, s},
588688 C2H m).504(H, d,
J=4 27 Hz), 4 88 (1 H, d, /=488

{39 N Q 469.15 324/L Hzy, 404 (3H,8), 258 (3 H, s},
NH \
Q q 2 205-215(0 H.omy, 1.91-2.04 (1
o G H.oni), 172 - 191 (3 H, m), 1.51 -
171 (1 H, m);
U WNMR (471 MHz, DMSO-ds) 8
ppm -133.24 (1 F, br. s}
EXAMPLE 040
rac-5-f1 uom--2--(2--meﬂ’}oxy--’}’--meihviquinoxalin---S--- A-6-((cis-2-methoxycyclopentyljo
xy ybenzoldjthiazole
\g j/ \
O/
| FQ@
5

10

U
(93}

(040)

A solution of Example 021 (8.0 mg, 0.019 mmol) in acetonitrile (0.5 mL) and methyl

wodide (500 pl, 8.00 mmol) was stirred 1n a sealed vial at 60 °C in the presence of

stiver oxide {350 mg. 1.510 mmol) for 3 hours. After cooling o room temperature, the

reaction was diluted by adding 2 mbL of BUM and the solid was removed by filtration,

and the filtrate was concentrated. The residue was purified by reverse phase

preparative HPLC, Maethod C, to obtain Example 040 (0.9 mg, 0.002 mmol, 10%
vield) as the product. IH NMR (500MHz, DMSO-ds) 8 8.78 (s, 1 H), 8.63 (s, 1 H),
8.10-7.97 (m, 2H), 7.89 (s. 1 H), 4.93 (m, 1 H), 4.15 (s, 3H), 3.96 (m, 1 H), 3.33 (s,
3H), 2.69 (s, 3H), 2.10 (m. 1 H), 1.86 (m, 4H). 1.65 (m. 1 H); LC-AS: method L, RT
=2 662 min, MS (ESI) m/z: 440 15 (M+H)"

EXAMPLE 041
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rac-trans-2-{{ 53-fluoro-2-(2-methoxy-7-methylquinoxalin-S-ybenzofd jthiazol-6-yHox

vicyclopentanol

\@:NTO\
P

N

N7 s

H

. o_o
{041)

5 Example 041 {7.3 mg, ¢.017 mmol, 18%) was made from -03 (30.5 mg, 0.092 mmol}

.m\\\o

and F-20 (20 mg. 0.092 nunol} via the procedure deseribed for Example 001A. 'H
NMR (S00MHz, DMSO-ds) 8 8.62 (5, 1 H}, 8.47 (brs, 1 H), 7.93-7.82 (m, 2H), 7.75
(brs, THL459(m, 1 H), 414 (m. 1 H),4.04 (5, 3H), 3.65(s, 1 H}, 2.58 (s, 3H)}. 2.24
~2.13 (m, 1 H), 1.98 - 1.86 (m, 1 HI), 1.81 - 1.63 (m, 3H), 1.57 (d, J=4.6 Hz, 1 H):

10 LC-MS: method L, RT = 2.396 nin, MS (EST) m/z: 426 10 (M+H)".

EXAMPLE 042

rac-5-fluoro-2-(2-methoxy-7-methvlguinoxalin-5-y1)-6-({trans-2-methoxycvclopenty )

oxy tbenzo|djthiazole
F I b

F O’G (042)

Example 042 (1.8 mg, 0.004 mmol, 24%) was made from Example 041 (7.0 mg,

.|\\\\\O

[
W

0.016 mmol) by following the procedure for Example 040. 'H NMR {(500MHz,
DMSO-ds) 6869 (s, 1 H), 854 (s, 1 H), 798 -7.90(m, 2H), 780 (s, 1 H), 477 (m. |
H), 4.06 (3, 3H), 3.88 (. 1 H), 3.29 (5, 3H), 2.61 (5, 3H), 2.15(d. /=64 Hz, 1 H),
20 197{dd, /=128, 64 Hz, 1 H), 1.78 - 1.60 {m, 4H);, LC-AMS: method L, RT =2.857
min, MS (ESI) m/z: 440.10 (M+H)".
EXAMPLE 043

131



WO 2018/013770 PCT/US2017/041868

rac-trans-2-({ 3-fluoro-2-( 7-(hy droxymethy!)-2-methoxy quinoxalin-5-ybenzofd {thiaz

ol-6-vBoxy)evelopentanol

N
HO j/o\
S
N

FO_G
(043)

Example 043 (1.3 mg, 0.003 mmol, 11%) was made from 1-03 (8.5 mg, 0.026 mmol}
5 and I-26 (6 mg, $.026 mmol} by following the procedure described for Example

00T A. ‘H NMR (300MHz, DMSO-ds) 8. 74 (s, 1 H), 8.71 (s, 1 H), 8.02-7.88 (m,

4HY, 574 -558 (m, 1 H), 481 (d, /=55 Hz, 3H}, 462 (brs, 1 H}, 416 (brs, 1 H),

408(s,3H),2.02-184(m, 1 H), 1.83-1.61 (m 3H), 1.5& (brs, 1 H}, LC-MS:

method L, RT = 1.78 min, MS (EST m/z: 44210 (M+H)"

10
EXAMPLE 044
rac-¢is-2-{{5-fluoro-2-{7-(hy droxymethyl}-2-methoxyquinoxalin-5-y1}benzo| djthiazol
-6-vhoxycyvclopentyl pyridin-3-ylcarbamate
o~ \(/E: j/ ~
(044)
15

pyridin-3-ylcarbamate
o]

A /\

N S fe)

C—_

3
—%:‘ (044 A)
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In a round bottom flask charged with a stirring bar, I-01 {75 mg, 0.226 mimol} was
dissolved in anhydrous THF (8 mL), and phosgene (1.611 mL, 2.258 mmol} was
added The nuxture was stirred at room ternperature overnight. On the next day, the
solvent was removed on the rotary evaporator and the residue was dried on HV AC for

20 minutes. The crude chioroformate was dissolved in BCM (2 mL). DIEA (0.100

Wh

ml., 0.570 ramol) was added, followed by pyridin-3-amine (42.9 mg, 0.456 mmol).
The mixture was stirred at room temperature over the weekend. Un the next Monday,
the reaction mixture was loaded on a silica gel column {12g ) and eluted with 0-100%
EtOAc/hesane gradient. The desired fractions were collected and the solvent was

10 removed to give Example 044A (24 mg, 0.059 mmol, 51.6 % vield) as white solid. 'H
NMR (400MHz, CDCL)Y6845(d, /=24 Hz, 1 H), 832(d. /=4.0Hz 1 H), 782 (d,
JETOHz, T HY, 7.63(d, =108 Hz, 1H), 7.36(d, J=77Hz 1 H), 7.23 (dd, /=84, 4.6
Hz. 1 H), 6.63 (brs, 1 H), 5.30-5.19 (m, 1 H). 493 -4.80 (m, 1 H), 2.21 - 1.97 (m,
SH), 1.73(d, /=92 Hz, 1 H): °F NMR (376MHz. CDCl3) §-131.97 (brs, 1 F):

15 LO-MS method H, RT = 0.82 min, MS (ESD m/z: 442,10 (M+H)".

Example 044:
Example 044 (1.1 mg, 0.002 mmol, 11% vield) was made from Example 044A (8.4
mg, 0.021 mmol) and 1-26 (4 mg, 0.015 mmol) by the procedure described for

20 Example 001A. LC-MS: method L, RT = 1.632 min, MS (ESI) m/z: 562.15 (M+H)".

EXAMPLE 043
rac-¢is-2-({2-(7-cvano-2-methoxyquinoxalin-5-vi)-5-fluorobenzof d jthiazoi-6-y1joxy ic

yclopentyl {5-cyvanopyridin-3-yljcarbamate

NC N\ O\
N
N/ S 0 /\\
i M
o] H
e

N

(045)
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Example 045A;

&-{5-fluoro-6-({cis-2-hydroxyey clopentyDoxy benzofdithiazol-2-v13-3-methoxyquino

NC\@iNj/O\
=
N
NZ s
HO
; go%j

5 Example 045A (21 mg, 0.046 mmol, 38.4 % yield) was made from Intermediate 1-01

xaline-6-carbonitrile

{045A)

(40 mg, 0.120 mmol) and 1-25 (52.4 mg, 0.169 mwool} as a vellow solid, by following

the procedure described for Example 001, 'H NMR (400MHz, DMSQO-ds) 3 8.98 (5, 1

H), 8.89(d, /=1 8Hyz 1 H), 856(d, /=2.0Hz, 1 H), 8.04(d, J=84Hz 1H) 8.00(,

J=ILTHz TH), 473¢d, /=51 Hz, L H)L 469 (m, 1 H), 429421 (m, 1 H), 414 (5,
10 3H),210-201{(m 1 H), 193-1.76(m, 3H}, 1.72 {m, 1 H), 1.56 {m, 1 H)

F NMR (376MHz, DMSO-ds): 8 -132.53 (s, | F); LO-MS: method H, RT = 1.14

min, MS (ESD m/z: 437.1 (M+H)"

Example 045B:

15 ¢s-2-{2-{7-cvano-2-methoxyquinoxalin-5-vi)-5-fluorohenzo[djthiazol-6-y oxy eyl

Nc\@:Nj/o\
Z

N

7 g

N

Example 045A (20.0 mg, 0.046 romol) in anhvdrous THF (2 rol.) was treated with

openty! carbonochloridate

(045B)

20 phosgene {0.327 mL, 0.438 mmol) at room temperature for 8 hours. The solvent was
removed and residue was used without purification. LZC-AMS: method H, RT = 1.28

min, MS (ESI) m/z: 499.1 (M+H)"
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Example 045:

Example 045 (2.5 mg, 0.004mmol, 17% vield) was made from Example 0458 (12.5

mg, 0.025 mmol} and 5-aminonicotinonitriie {14.89 mg, 0.125 mmol) by the method
5 described for Example 001C. ‘H NMR {300 MHz, DMSO-ds) S ppm 10.16 (1 H, br

$),883 (1 H,s),875(1H.5),869(1H,s), 850(1H,s),842(1H,s), 807(1H, br

8), 802 (T H, d, /=824 Hz), 791 (1 H, 4, /=11.60Hz), 526 {1 H, m), 5.09 (1 H, m},

411 G3H, 612220 H, m), 210 (1 H, m), 1.84-2.02 B H, m), L.69 (1 H, m);, °F

NMR (471 MHz, DMSOQ-ds} 0 ppm -132.73 (1 F, brs); ZC-MS: method L, RT =236

10 min, MS (EST) mv/z; 582 15 (M+H)"™
EXAMPLE 046
rac-¢is-2-{({2-(7-cyano-2-methoxyquinoxalin-5-y1}-5-fluorobenzo| d{thiazol-6-yoxy)c

yclopentyl (2-methylpyrimidin-S-ylcarbamate

el
Sio

15 Example 046 (2.2 mg, 0.004 mmol, 15 % yield) was made from Example 0435B

(046)

(12.47 mg, 0.025 mmol) and Z-methylpyrimidin-3-amine (13.64 mg, 0.125 mmol) by
the method described for Example 001C. TH NMR (500 MHz. DMSO-ds) & ppm 9.79
~994 (1 H, m), 8.89 (1 H.s), 8.76 (1 H,5), 8,60 (2 H. 8), .49 (1 H, 5), 8.02 (1 H. d,
J=7.93Hz). 791 (1 H, d, J=11.60 Hz). 5.25 (1 H. m), 3.05 (1 H, m), 4 10 G H, s},

20 236G H,s), 2220 H, 4, /=641 H2), 201 -2 161 H,m), 1L.78-1.99(3H, m), 1.68
(1 H, m); “F NMR (471 MHz, DMSO-ds) & ppm -132.86 (1 F, br s): LO-MS method
L, RT=2.151 min. MS (ESI) m/z: 572.15 (M+H)*.

EXAMPLE 047
25 methyl
S-((( R, 28)-2«(5-fluoro-2-(2-methoxy-T-methylquinoxalin-S-vbenzo{ djthiazol-6-

vhoxyevclopentyloxy yearbonyl yanuno jpicolinate
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\\\OY

F Ollu
(047)

Example 047 (77.7 mg, 0.123 mmol, 85 % vield} was made as a vellow solid from
Example 022A (60 mg, 0.145 nwnol} by the method described for Example 001, 'H
NMR (400 MHz, DMSO-ds) & ppm 10.18 (1 H. §), 8.71 (1 H, 5), 8.60 (1 H, d. J=2.42

5 Hz),853(1H,s), 801 (1 H, d /=814 Hz), 7.76 - 7.94 (4 H. m), 5.26 (1 H, d, F=4.18
H7),3.00 (1 H, d, /=484 Hz). 4 10 3H, 5), 372 G H. 5L 263 (3H,8), 2.17-2.29 (1
Hom), 2.09 (1 H, m), 1.84-2.02 3 H, m). 1.70 (1 H, m): "F NMR (376 MHz,
DMSO-ds) & ppm -133.39 (1 F. br s); LC-MS: method H, RT = 1.17 nun, MS (ESD)
m/z 604.2 (MHH)Y"

10

EXAMPLE (48
(1R, 28)-2-(5-fluoro-2-(2-methoxy-7-methylguinoxalin-S-vYbenro[djthiazol-6-yDox

vicyclopentyl (6-(methylcarbamovhpyridin-3-yljcarbamate

o 3
Qe

Ollu

\\\\ OY
Iz

(048)

IS Inavial charged with a stirring bar, Example 047 (11 mg, 0.018 mmol) was dissolved
n THF (0.5 mL). Methananine (0.5 mL, 0.018 mmol} in methanol was added. The
mixture was heated to 60 °C and stirred for 20 hours. On the next day, the solvent was
removed and the residue was purified on the reverse phase preparative HPLC by
using Method D to give Example 048 (6.9 mg, 0.011 mmol, 63% vield) as the

20 product. 'H NMR (500 MHz, DMSO-ds) 8 ppm 10.01 (1 H, brs), 8.64 (1 H, 5), 8.50
(1H,5), 847 (11, s), 838 (1 H. brs), 7.95 (1 H. 4, J=7.93 Hz), 7.81 - 7.89 (2 H, m),
775 - 7.80 (2 H. m), 5.23 (1 H. brs), 5.07 (1 H, brs), 4.06 (31, 5), 3.16 (1 H. br s),
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267 (3H, d. J=4.27 Hz), 2.59 3 H,

191 (ZH, br.m), 16901
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s), 219 (1 H, br. m), 2.06 (1 H, d, J=12.21 Haz),

H, br. m.); ¥F NMR (471 MHz, DMSO-ds) & ppm -133.48

(1 F, ), LOC-MS: method H, RT =116 nun, MS (ESI) m/z: 603.1 (M+H)".

EXAMPLE 049

(IR 28)-2-( 5-ﬂu&ram2~(:2-methoxv-7~meﬁw Equmoxai in-5-viybenzo{djthiazol-6-yHox

~
e
\

o3

Ollu

\\\\OY
Iz

(049)

In a vial charged with a stirring bar, Exarople 047 (10 mg, 0.017 mmol) was dissolved

in THF (0.5 mL)}. Ammonia (1 mb, 7.00 mmol} in methanol (7N} was added. The

mixture was heated at 60 °C for 20 hours. On the next day, the solvent was removed

and residue was purified on the reverse phase prepm‘aﬁve HPLC by using Method D

vield) as the product. TH NMR (500

to give Example 049 (5.2 mg, 0.009 mmol, 539
MHz, DMSO-ds) 8 ppm 10.07 (1 H, brs), 8.
7O3(1H, d,J/=793Hz), 7.78-790(4H, m), 776 (1 H.s), 731 (1 H, brs). 5251
H,om), 5.03(1H, m),404(3H,s),257(GH,s),218(1 H, m), 1.99-2.13 (1 H, m),
1.82-1.98 2 H, m), 1.67 (1 H, m); F NMR (471 Mz, DMSO-ds) & ppm -133.48

(1 F 8), LC-MS method L, RT =

(1R,28)-2-

X0}
37

62(1H,s), 8.52 (1 H,5). 8

EXAMPLE 050

((5-fluoro-2-(2-methoxy

844 (1H,s),

2.266 min, MS (ESI) m/z: 589.2 (M+H)".

-7-methvigquinoxalin-3-yibenzo|djthiazol-6-viox

vicyclopentyl {(6-{dimethylcarbamoyDpyridin-3-vDcarbamate

F\IT\ 0
/
/\ \

QL

Ollu

i OY

13
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In a vial charged with a stirring bar, Example 047 (11 mg, 0.018 mmol} was dissolved
n THF (0.5 mL) and dimethylamine (6.5 mL, 1.000 mmol) in MeOH. Magnesium
chionide {R.68 mg, 0.091 mmmol) was added and heated to 60 °C and stirred for 20
hours. On the next day, the solvent was removed and the residue was dissolved in
DMF. The solid was filtered, and the crude product was purified on the reverse phase
preparative HPLC by using Method D to give Example 050 (6.2 mg, 0.010 rmmol,
55% vield) as the product. "H NMR (500 MHz, DMSQO-d:) & ppm 10.05 (1 H, br ),
BO4(1H, s}, 8501 H brs), 846 {1 H, ), 797 (1 H, d, /=824 Hx), 783-792Q2
H,om), 7.76 (1 H, 5), 7.46 (1 H. 4. J=8.55 Hz), 5.27 (1 H, m). 504 (1 H, m), 4.05 3 H,
5), 291 BH.s), 283 (3H,5). 2583 H. 81,222 (1 H,m), 211 (1 H, m), 1.84-2.02
(3H. m), 1.69 (1 H, m}); °F NMR (471 MHz, DMSO-ds) & ppm -133.43 (1 F. brs);
LC-MS: method H, RT =115 min, MS (ESHm/z: 617.2 (M+H)Y".

EXAMPLE 051
methyl
S-(({{AR,28}-2-((5-fluoro-2-(Z-methoxy-7-methviquinoxalin-3-y)benzof djthiazol-6-

vhoxyjevclopentyDoxy yearbony Darminopyrimdine-2-carboxylate

bl
o8

F Qe

Y
/

(051)

Example 051 (17 mg, 0,028 mmol, 42% yield) was made from FExample 022A (28
mg, 0.066 momol) and methyl S-aminopyrimidine-2-carboxylate (17.07 mg, 0.111
mmol) as a yellow solid by the method described for Example 001. F NMR (376
MHz, CDCl3) 8 ppm -133.45 (1 F. s); 'H NMR (400 MHz, CDC1) & ppm 8.98 (2 H,
$), 8.55 (1 H, ), 8.5 (1 H.s), 7.73(2H, 5), 7.49 (1 H. 4. J=7.70 Hz), 7.26 (1 H, br s),
525-530(1 H, om), 491 (1 H, d, /=440 Hz), 413 (3 H. 5), 3.98 (3 H, 5), 2.64 (3 H.
s), 1.95 -2.22 (5 H, m), 1.66 - 1.79 {1 H. m): LC-MS" method H, RT = 1.16 min, MS
(EST) m/z: 605 1 (M+H)"

EXAMPLE 052
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{(1R.28)-2{5-fluoro-2-(2-methoxv-T-methylguinoxalin-S-vijbenzo{d {thiazol-6-y1jox

yicyclopentyl (2-carbamoyipyvrimidin-S-vhcarbamate
F I T .
2

Ollu

\\\\OY

(052)
Example 052 (14.5 mg, 0.023 mmol, 95% vield) was made from Example 051 {15
5 mg, 0.025 mmol) by the method described for Example 049 'H NMR (400 MHz,
DMSO-ds) & ppm 10.27 - 10.48 (1 H, m), 8.88 (2 H, 5), .74 (1 H, 5), 8.55 (1 H. 4.
J=1.76 Hz). 8.07 (1 H, d, /=8.36 Hz), 8.00 (1 H. s), 7.93 (1 H, d, J=11.44 Hz), 7.84 (1
H,d. ./=088Hz), 760 (1 H, brs), 5320 H, d, J=4 18 Hz), 5.07 (1 H, m), 4.09 3 H,
$), 263 (3H,5), 2.05-229(2H, m), 1.94 3H, brs), 1.60-1.77 (1 H, m}; F NMR
10 (376 MHz, DMSO-ds) 6 ppm -133.60 (1 F, brs), LO-MS: method H, RT = 1.09 min,

MS (EST) m/z: 590.1 (M+H)"

EXAMPLE 053

[
(i

vicyclohexvi (6 methoxy pwndm- -y I)Qarbamate

Ejr\ )
o34

Fxample 053 A rac-trans-2-{{2-chloro-5-fluorobenrofdithiazol-6-vhoxy jcvclohexvl

\\\OY

(053)

(6-methoxypyridin-3-vhcarbamate
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0 |\O\

=N

o)J\N
S Ou,,
29000
N F (033A)

[-18 (34 mg, 0.098 mmol)} was dissolved in THF {1 mL) and was treated with
phosgene (0.704 mL, 0.982 mmol) at room temperature overnight. On the next day,

the solvent was removed and the residue was dissolved in anhydrous THF {1 mL),

W

6-methoxypyridin-3-amine (259 mg, 0.209 mmol) in 1 mL of THF was added.
followed by adding pyridine {4.22 pl, 0.052 mumol). The muxture was stirred at room
temperature tor 30 muinutes. Then the reaction mixture was loaded on a stlica gel
columm (12g) and eluted with 0-100% EtOAc/hexane gradient. The desired fractions
were collected and solvent was removed o give Example 053A (19 mg, $.042 mmol,
10 81 % yield) as the product. LC-MS: method H, RT = 1.07 min, M5 (ES] m/2: 451 8
(M+H)".

Example 053:
Example 033 (9.7 mg, 0.016 mimol, 39% vield) was made from Example 053A (19
15 mg. 0.042 nunol) and 1-20 (13.8 mg, 0.063 mmol) as a yellow solid by the method
described for Example 001A. 'TH NMR (500 MHz, DMSO-ds) 8 ppm 936 -9.57 (1 H,
m), 8.70 (1 H, s), 8.54 (1 H. s). $.14 (1 H, m), 8.04 (1 H. d. /=702 Hz), 7.90 (1 H, d,
J=11.29 Hz), 7.80 (1 H, 5), 7.70 (1 H, m.), 6.72 (1 H. m.), 4.85-4.97 (1 H, m), 4.49
(1 H, d,J/=366H7),407{(3H.5),374(3H, brs), 261 (3H,8), 2201 H.brs), 2.06
20 (0H, 4, J=732Hz), 1.72(2H, brs), 1.33- 161 (4 H, m); FNMR (471 MHz,
DMSO-ds) d ppm -133.17 (1 F, br sy, LO-AMS: method L, RT = 2.616 min, MS {ES{)
m/z 590.0 (M+H)"

EXAMPLE 054

o}
Wh

rac-trans-2-{{5-fluoro-2-2-methoxy-7-methyviguinoxalin-5-yi}benzo{djthiazol-6-vHox

vicyclohexyl (Z-methylpyrimidin-S-yl)carbamate
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o OY

Q

Example 054 (2.3 mg, 0.004 mmol, 9% yield} was made from I-18 by the method

(054)

described for Example 053, 'H NMR (500 MHz, DMSO-ds) § ppm 9.83 (1 H, m.),
§72(1H,5), 8.68 (1 H, m), 855 (1 .8}, 8.06 (1 H, d, J=7.63 Hz), 7.91 {1 H, d,

S J=11.60Hz), 7.83 (1 H,5). 487-507 (1 H, m), 453 (1 H, m), 4.09 (3 H, 5), 2.63 (3
H,s),2.56 (3H.s). 225 (1 H, d, J=12.82 Hz), 2.09 (1 H. d. J=8.85 Hz), 1.75 (2 H,
m.), 1.34 - 1.64 (4 1, m), °F NMR (471 MHz, DMSO-ds) 8 ppm -133.15 (1 F, br s);
LC-MS: method L, RT = 2.44 min, MS (ESD m/z: 5751 (M+H)".

16 EXAMPLE 055

rac-cis-2-({5-fluore-2-(2-methoxy-7T-methy lquinoxalin-5S-vl}benzo[djthiazol-6-yoxy)

cvclohexyl pyridin-3-ylcarbamate

F I T b
—b (055)
Example 055A; cis-2-((2-bromo-3-fluorobenzo| djthiazol-6-vHoxy yeyclohexyl

O

CIYO

o (055A)

[
(i

carbonochloridate
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In a round bottom flask charged with a stirming bar, I-02 {200 mg, G.578 mmol) was
suspended in anhydrous THF (5 mL) and was treated with phosgene (4.12 mL, 5.78
mmol) at room temperature overnight. On the next day, the solvent was removed on

the rotary evaporator and the residue was dried on HVAC for 2 hours. The crude

Wh

product was used in next step. LC-MS: method H, RT = 1.20 min, M8 (ESH w2
364.0 (M+H)

Example 0558: cis-2-{{2-chloro-S-fluorobenzold|thiazol-6-vhoxyjeyclohexyl
pyridin-3-vicarbamate

Cl

N

~5 ¢

ey
o] H

10 (055B)

In a vial charged with a stirring bar, Example 055A {6.078 g, 0.192 mmol) was
dissolved in DCM (2 mL). DIEA {0.168 mL, 0.960 mimol) was added, foliowed by
pyridin-3-amine (0.072 g, 0.768 mmol). The mixture was stirred at room temperature

overnight. On the next day, without workup, the reaction mixture was purified by

[
(i

stlica gel chromatography (12g silica gel colummn, 0-100% EtOAc/hexane gradient).
Solvent was removed from the desired fractions to give Example 055B (0.037 g,
0.088 mumol, 45.7 % yield) as a white solid. 'H NMR (400MHz, CDCl) 8 8.47 {d,
J=2.6 Hz, 1 H), 8.32(dd, J=4.7, 1.4 Hz, 1 H), 7.88 (d, J=6.4 Hz, 1 H), 7.66 (d, J=10.8
Hz, LH), 7.38(d, J=7.7 Hz, 1 H), 7.26 - 7.22 (m. 1 H), 6.62 (brs, 1 H), 5.08 (d. J=9.7
20 Hz LH). 4.64 (brs, 1 H), 231 -2.02 (m. 2H), 1.91 - 1.69 (m, 4H), 1.52 (br s, 2H);
BF NMR (376MHz, CDC)Y 8 -131.17 (5. 1 F); LC-MS: method H, RT = 0.86 min,
MS (ESD sz 422.1 (M+H)".

Example 055:

25 Example 055 (11.2 mg, 0.02 munol, 59% yield) was made from Example 055B (14.05
mg, 0.033 mmol) and 1-20 (10 mg, 0.033 mmol} by the method described for Example
O0TA. *H NMR (500MHz, DMSO-ds) 5 9.86 (brs, I H), 8.64 (s, 1 H). 8.60 (brs, 1
H), 849, 1 H), 8.16(d, /=43 Hz 1 H), 801 (d. /=82 Hz 1 H), 790 (d, /=11.6 Hz,
TH) 785(d,/=73Hz 1H),776(, 1 H}), 728(dd, /=81,47Hz 1 H), 511 (brs, 1
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), 4.82 (brs, 1 H), 4.04 (s, 3H), 2.58 (s, 3H), 2.00 (d, J=8.5 Hz, 2H), 1.79 (br. m,
2H), 1.66 (br. m, 2H), 1.48 (br. m, 2H). 1°F NMR (471MHz, DMSO-ds) § ~133.30 (br
5. 1 F); LO-MS: method L, RT = 2.182 min, MS (ESI) m/z: 560.20 (M+H)".

3 EXAMPLE 056
rac-cis-2-{{ 5-fluoro-2-(2-methoxy-T-methylquinoxalin-5-yhbenzo| djthiazol-6-v1joxy}

cyclohexyl pyvridin-4-vicarbamate

“@ \
%

Example 056 (7.8 mg, 0.014 mmol, 41% vield) was made by the method described for
10 Example 055. 'H NMR (500MHz, DMSO-ds) 8 10.11 (s. 1 H), 8.64 (s, 1 H). 8.49 (s.

1 H), 8.32 (d, J=5.2 Hz, 2H). 8.00 (d, /=8 2 Hz. 1 H), 7.89 (d, /=11.6 Hz, 1 H), 7.76

(s, 1 H), 7.41 (d, J=55 Hz, 2H), 5.12 (br. m, 1 H), 4.81 (br. m., 1 H), 4.04 (s, 31D,

258 (s,3H), 2.11 - 1.92 (m, 2H), 1.79 (br. m, 2H), 1.66 {br. m, 2H3, 1.48 (br. m, 2H);

PENMR (471MHz, DMSO-ds) 8 -133.31 (brs, 1 FY, LC-A4S: method L., RT =2.208
15 min, MS (EST) a2z 360.20 (M+H).

EXAMPLE 057
rac-¢is-2-{{S-fluore-2-(2-methoxy-7-methy lguinoxalin-S-ybenzol djthiazol-6-yDoxy)

cvclohexyl (6-methoxy pyrnidin-3-vljcarbamate

~
| I T \
O
20 —b (057)

Example 057 (8.6 mg, 0.014 mumol, 42% yield) was made by the method described for

Example 055, TH NMR (500MHz, CDCL) 88.61 (5, L H). 8.54 (s.. 1 H), 8.03 (s, 1
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Hy, 7.82(d, /=80Hz 1 HY,777(s, 1HL7.72(s,1H),754 (s, 1 H), 668(s, 1
H), 647 (5, 1 H)Y, 5.08 (m, 1 H), 471 (my, 1 H), 4.14 (s, 3H), 3.86 (s, 3H), 2.66 (s,
3H), 2.17 (o, 2HD), 181 (my, 4HD, 1.51 (m, 2H); YF NMR (47 IMHz, CDC) §-132.49
(s, 1 F); LC-AMS: method H, RT = 1.30 mun, MS (ESE m/z: 5390.3 (M+H)"

5
EXAMPLE 058
cis-2-{(S-fluoro-2-2-methoxy-7-methylguinoxalin-S-vbenzoldjthiazol-6-yDoxy)evel
chexyl pyridin-3-vicarbamate (enantiomer )
F I T h
F Ollu
{058}
10

EXAMPLE 059
cism2~((5~ﬂu0r0~2~(2~methoxy—7—methvlquinﬁxalm-S-y Bibenzoldithiazol-6-v1joxyjicycl

1 pyridin-3-vicarbamaie {enantiomer 2)

?E " )
hen

15 Example 055 {10.6 mg, 0.019 mmol} was separated by chiral SFC: PIC Solution 200
SFC, Chiralpak A column, 21 < 250 mm, S micron, 40%EIOH / 60% (00 45
mb/min, 150 Bar, 40°C, 220 nm to vield Example 058 (peak 1. 5.1 mg, 0.009 mymol,
retention time: 10.7 min, > 99% ee} and Example 059 {peak 2, 4.8 mg, 0.008 mmol,
retention time : 12,9 min, > 99% ee) as the products.

20
Example 058 TH NMR (400MHz, DMSO-ds) 8 9.88 (brs, 1 H), 8.75 (s, 1 H). 8.63
(brs, 1 H), 859(d, /=20Hz, 1 H}, 819 (brs, 1 H), 8.08(d, /=86 Hz, I H), 7.96 {d,
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J=114Hz, T HY, 785¢s, 2H), 732-726 (m, 1 H), 5.12(m, 1 H}, 485 (m, 1 H), 4.09
(s, 3H), 2.64 (s, 3H), 2.04 (m, 2H), 1.81 (m, 28, 1.68 (m, 2H), 1.49 (m, 2H); VF
NMR (376MHz, DMSQ-ds) & -133.31 (5, 1 F);, LC-MS: method H, RT = 1.07 min,
M8 (EST) m/z: 560.2 (M+H)'

Exarmple 039:

H NMR (400MHz, DMSO-ds) 8 9.88 (s, 1 H). 8.75(s. 1 H), 8.62 (s, 1 H), 8.59 (d.
J=20Hz, 1 H), 818(d, /=48 Hz L H), 808 (d, /=84 Hz I H),796(d, /=11 7Hz 1}
H), 7.85(s,2H), 7.29(dd, /=83, 45Hz 1 H), 5.14 (m, 1 H}, 486 (m, 1 H}), 4.09 (s,
3H), 2.64 (5, 3H), 2.05 (m, 2H). 1.81 {m, 2H}, 1.70 (m, 2H), 1.51 (m, 2H), "F NMR
(376MHz, DMSG-ds) 6 -133.31 (s, 1 F); LC-AMS: method H, RT = 1.07 min, MS
(ESTy m/z: 560.2 (M+H)"

EXAMPLE 060
cis-2-((5-fluoro-2-(2-methoxy-7-methylguinoxalin-3-yhbenzo{d |thiazol-6-yDoxy)evel

obutano! ¢homochiral)

el

H

F O<> (060

Example 60 (84 mg, 0.204 munol, 76% vield) was moade from 1-09 (86 mg, 0.270

e}

mmol) and 1-20 (88 mg, 0.405 mmol) by the method described for Example 001A. 'H
NMR (S00MHz, DMSO-ds) 8 8.69 (s, 1 H), 8.54 (s, 1 H), 7.92 (d, J=11.6 Hz, 1 H},
7.80(s, 1 H), 7.76 (d, J=8.2 Hz, 1 H). 4.79 (brs. 1 H), 4.53 (brs. 1 H), 4.06 (s, 3H),
2.54 (s, 3H), 2.28 - 2.07 (m, 3H), 1.93 (m, 1 H): '°F NMR (471 MHz. DMSO-ds) §
-133.75 (brs, 1 F); LC-MS: method H, RT = 1.16 nun, MS (ESD) m/z: 412.0 (M+H)"

EXAMPLE 061

rac-Cis-2-{{ 5-fluoro-2-(2-methoxy-7-methylquinoxalin-5-yljbenzo| dithiazol-6-viloxv}

cyclobutyl (2-methylpyrimidin-S-vlcarbamate

145
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)L LY

(061)

Example 061 (5.6 mg, 0.10 nuynol, 35%) was made from 1-07 and [-20 by the method
described for Example 055, 'H NMR (500 MHz, DMSO-ds) 6 ppm 9.86 - 10.00 (1 H,

S my, 871 (U H sL859CQH, ), 833 H. 4, /=122Hz), 792 H, d, J=11.60 Hz),
797-7862H m), 544 (0 H d,/=3.66Hz7), 515 (1 H. d. J=3.05Hz), 408 (3 H, 5.
263(3H,5),239-245(1 H, m), 235 (3H, brs),2.20- 232 (2 H, m); "FNMR
(471 MHz, DMSO-ds) S ppm -138.91 (1 F, brs); LC-MS: method L, RT = 2.20 min,
MS (ESI) m/z: 547.30 (M+HY"

10
EXAMPLE 062

cis-2-{(5-fluoro-2-(2-methoxy-7-methylquinoxalin-5-yhbenzold{thiazol-6-y ljoxy)evel

obutvi (2-({R)-2-hy droxypropoxy jpyrimidin-3-y1}carbamate (homochiral)

?ﬁj\
e XLY

(062)
15 Example 062 was made from 1-08 and [-31 by the method described for Example 001,
H NMR (500 MHz, DMSO-ds) & ppm 9.78 (1 H, brs), 8.69 (1 H, ), 8.52 (1 H. brs),
843 (2H, brs), 7.92 (1 H, d, /=11.90 Hz). 7.80 (2 H, brs), 5.44 (1 H, brs), 5.15 (1
H, brs), 4.08 (3H, s), 3.91 (1 H. brs), 3.82 (2 H. brs), 3.36 (1 H. d, J=11.29 Hx).
2.62(3H,8), 242 (1 H, brs), 234 (1 H, brs), 2.19-231 (2 H, m), 1.04 (3 H, brs);
20 PFNMR (471 MHz, DMSO-ds) 8 ppm -133.81 (1 F, brs);, LC-MS: method L, RT =
2.19 min, MS (ESD m/z: 607.0 (M+H)".

EXAMPLE 063 TO 073
146
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The following additional examples have been prepared, isolated and
characterized using the methods described for Example 001 and the examples above,

from the corresponding cvclic diol and aniline intermediates.
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Ex.
No.

Structure

Chirality

LCMS
[M+H]"

mz

LCMS
RT(Mi
ny

Method

MNMR

063

homochiral

(from §-09)

607.3

2.20/L,

'H NMR (500 MHz, DMSO-ds) &
ppm 9.64 -9 87 (1 H, m}, 8.68 (1
H, s}, 8.52 (1 H. s}, 843 (2 H, brs),
792 (1 H,d /~11.60Hz), 7802
H, brsy, S44 (0 H, m), 515 (1 H,
), 4.08 (3H,s5), 391 (1 H, brs),
3802 H brs), 262 (3H, s}, 241
(1H, brs), 234¢1 H, brs), 2.18 -
23V2H, m),L 1.03(3H, 4), “F
NMR (471 MHz, DMSO-ds) & ppm
13384 (1 F, 8)

064

homochiral

(from 1-09)

393.0

1.09'H

IH NMR (500 MHz, DMSO-ds) 8
ppm 9.63 -9.85 (1 H, m), 8.65 (1
H, s}, 8.48 (1 H, s}, 842 (2 H, brs),
783 ¢1H, d,/=11.60Hz), 7.69 -
7822 H, m), 541 (1 H, m), 5.13
{(1H m),4062H, 1),4053H,
$),355(1 H, brs), 25393 H, s),
254 (2H,s), 2401 H, d,J=7.02
Hz), 230-236 (1 H.m), 2.18 -
2.29 (2 H, m); F NMR (471 MHz,
DMSQO-ds) & ppm -133.85 (1 F, br
5)
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063

homochiral

{(from 1-09)

577.0

1.06/H

H NMR (500 MHz, DMSO-ds) 8
ppm 998 {1 H, brg), 8.66 {1 H, s},
862{(2H,s), 848 (1 H, ), 789 (1
H, d. /=11.60Hz), 781 (1 H. d,
=793 Hz), 777 (1 H.s), 543 (1
H, brsy, 5.13 (1 H, d, J=3.66 Hz),
405 (3H, ). 369 H, d /=580
Hz), 337 (1 H, brs), 279 (2 H, br
81, 2.59(3H, 8}, 242 (1 H, brs),
233¢1H brs), 2252 H, d,
/=580 Hz},""F NMR (471 MHz,
DMSO-ds) 8 ppm -133.86 (1 F, s)

066

racemic

561.9

1.18'H

H NMR (400 MHz, CDCIs) 8 ppm
3T (I H. d.J=154Hz), 846 (1
H. s). 7.86 (1 H, d, J=2.64 Hz),
773(1H,d J=1144 Hz), 769 (1
H, d, /=088 Hz}, 7.54 (1 H, br s},
731 (1 H, d, /=726 Hz), 654 (1
H, d, J=8.80 Hr), 6.29 - 6,44 (1 H,
my, 333543 (1 H m), 4951 H,
d, /=396 Hz), 406 (3 H,s), 3.71
(3H,brs), 257 (3 H.s), 230 (4 H,
d, =528 Hz), PF NMR (376
MHz, CDCl:) S ppm -134.04 (1 F,

br 5}
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067

Pl

)LLY

homochiral

{from 1-08)

54730

2.191

TH NMR (300MHz, DMSO-ds) &
9.93 (brs, 1 H), 8.65 (s, 1 H), 8.57
(s, 2FD), 8.47 (s, 1 F), 7.85 (4,
J=11.6 Hz, 1 H), 7.82 - 7.69 (m,
2H), 542 (brs, 1 H), 513 (brs, 1
), 4.05 (s, 3H), 2.59 (s, 3H), 2.54
(s, 3H). 2.45 - 2.12 (m, 4H):F
NMR (471 MHz, DMSO-ds) & ppm
113388 (1 F, brs)

068

homochiral

(fmm 1-08)

93
&
43
<

1.07/H §

"H NMR (500 MHz, DMSO-ds) 8
ppm 9.76 (1 H, brs}, 8.66 (1 H, s},
849 (1 H,s),842{(2H, brs), 7.90
{(I1H, 4 J=11.60H2, 778 (2 H, br
5), 5.42 (1 H.brs), 5.3 (1 H. brs),

(G H, s), 2.54 (:z H.s), 240 (1 H, br
$), 232 (1 H, brs). 216-2.29 (2
1, m), PF NMR (471 MHz,
DMSO-ds) 8 ppm -133.83 (1 F, br
)

069

homochiral

(from {-09)

U
L
.\q
[¥S]

2.186/L

H NMR (500 MHz, DMSO-ds) 8
ppm 9.76 - 10.06 (1 H, m), 8.66 (1
H, s}, 837 (2 H, s). 848 (1 H, 3),
7R H, d,/=1160Hz), 7.71 -
782 Q2H, m). 542 (1 H, m), 5.14
{1H, m),4053H,s),259(3H,
$), 254 (3H, ), 214-245(4 H,
m); F NMR (471 MHz,
DMSO-ds) & ppm -133.86 (1 F_ br
5)
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070

o

QyL

F o]

homochiral

(from 1-08)

5772

2.875/L

H NMR (500 MHz, DMSO-ds) 8
ppm 9.96 {1 H, brg), 8.66 {1 H, s},
8.61 (2 H,s), 8.48 (1 H. s), 7.89 (1
H,d.J=11.60Hz), 771 -783 (2
H, m), 542 (1 H m), 513 (1 H.
m), 4.05 (3 H, 5}, 3.67(2H, d,
=519 Hz), 277 (2 H, brs), 2.54
(3H,5),237-245(1 H m), 2.33
(1H m),2252H, 4 J=549
Hz).'F NMR (471 MHz,
DMSO-ds) & ppm -133.88 (1 F, br
8)

071

racemic

{from 1-07)

W
Rel
w2
[ ]

H NMR (500 MHz, DMSO-ds) &
-987(0H. m), 8700
H, s}, 833 (1 H,s), 843 {2 H. brs),
7.93(1H, d J=11.60Hz), 7.75 -
TR6(ZH, m), 543 (1 H, d. =366

ppm 9.64

/LIHZ). 5.14 (1 H, brs), 4.78 (1 H. br

s), 4.08 (3 H. s), 4.04 (2 H, brs),

351 -3.62(2H. m), 2.62 (3H. 5),
2.24 (4 H, m):°F NMR (471 MHz,
DMSO-de) & ppm -133.82 (1 F_ br
5)
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072

homochiral

(from 1-08)

O—

561.9 | 1.21/H

H NMR (400 MHz, CDC13) 8 ppm
8359 (1 H, d,J=1.54 Hz), 8.54 (1
. s}, 7.94 (1 H, d, J=2.42 H»),
781 (1 H, d,J=1122 Hz), 7.76 (1
H,s),7.57-7.68 (1 H. m), 7.34 -
746 (1 H,m), 6.61 (1H,d, /=880
H2), 6.35-6.53 (1 H, m), 5.31 -
5.56 (1 H, m), 489 -521 (1 H, m),
414 (3H, 5), 3.79 (3 H, brs), 2.65
(3T, s), 2.38 (4 1. d. J=4.84 Hz):
YF NMR (376 MHz, CDC) S
ppm -134.03 (1 F, br s}

073 N7 o

homochiral

{from 1-09)

5619 |1.21/H

H NMR (400 MHz, CDCIs) 8 ppm
B39 (1 H, d.J=154Hz), 8541
H. s). 7.94 (1 H, d, J=2.64 H7),
781 (1 H, d, J=1122 Hz), 7.76 (1
H, d. /=088 Hz}, 7.57 - 7.68 (1 H,
m). 7.39 (1 H. d. J=7.70 Hz), 6.61
(1 H. d, J=8 80 Hz), 6.46 (1 H, br
$), 5.46 (1 H, d. /=6.82 Hz), 4.97 -
500 (1 H. m), 4.14 3 H, 5), 3.79 (3
H. brs), 2.65 (3 H. 5). 238 (4 H. d.
J=4 84 Hz), F NMR (376 MHz,

CDCL) S ppm -134.04 (1 F, brs)

EXAMPLE 074

cis-2-{{ 5-fluoro-2-(3-methoxy-6-methylquinolin-8-vi}benzoldjthiazol-6-vDoxylcvelo

buty! (2-(2-hydroxyethoxy)pyrimidin-5-ylicarbamate thomochiral)

[
4
b2
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O

A VN

P
N

e o) Ji\l(O\/\OH
O)kN NN
H

HE
(074

Example 074A: cis-2-{(2-chloro-S-fluorobenzoldlthiazol-6-vhoxy ey clobutyl

carbonochloridate

Cl

A

N S

o)
o)l\m

28
{(074A)

[-08 {80 mg, 0.251 mmol) was dissolved in THF (5 mL) and was treated with

W

phosgene (1.795 mL, 2.51 nunol) at room temperature for 18 hows. On the next day.

the solvent was removed and the residue was dried on HVAC for 1 hour. The crude

product was used in the next step without purification. ZC-MS: method H, RT = 1.09
10 min, MS (ESD m/z: 336.0 (M+H)",

Example 0748 cis-2-{(2-chloro-5-fluorobenzo| dithiazol-6-vhoxyicyvclobuivl
(2-(Z2-((tert-buty ldimethyisilyoxy yethoxy)py rimidin-3-yljcarbamate
OTBDMS
cl

N%S o ﬁ/\lro
I
O—é (074B)

15 Inaround bottom flask charged with a stirring bar, Intermediate 1-30 (0.135 g, 0.502

mmol} was dissolved in DCM (4 mL} and mixed with pyridine (0.061 mbL, 0.753

-

mmol). To the mixture was added Example 074A (0.084 ¢, 0.251 mmol) in DCM

(2ml.) dropwise. The mixture was stirred at room temperature for 3 hour. Then the
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solvent was removed and the residue was used in the next step without purification.

LC-AMS: method H, RT = 1.27 min, MS (EST) m/z: 569.0 (M+H)Y"

Example 074C: cis-2-{(2-chloro-5-fluorobenzo| dithiazol-6-voxvicvclobuivl
(2-(Z-hydroxyethoxy)pyrimidin-3-yljcarbamate
OH
Cl

N%S o JiN/TO
A

SSaN
(074C)

Example 074B {0.142 g, 0.25 mmol) was dissolved 1in THF (10 mb} and HCl (dM n

-n

dioxane) (1 mL, 4.00 mmol} was added. The mixture was stirred at room temperature
for 1 hour. LC/MS showed partial reaction. The reaction was stirred at room
temperature overnight. On the next day, the solvent was removed and the product was
used without purification. LC-MS: method H, RT = 0.85 nun, MS (ESIym/z: 455.0
(M+H)",

Example 074

In a vial charged with a stirring bar, Example 074 A (11.37 mg, 0.025 mwmol) was
dissolved in 1 4-dioxane (1 mb). 128 (11.22 mg, 0.038 mmol) was added, followed
bv NaxC0Os5 (0.30 mL, (0.600 mmol) and PACh{dpp)-CHCh adduct (2.042 mg, 2.500
umol}. The mixture was stirred at 80 °C for 30 minutes. After cooling to RT, the
reaction was dituted by EtOAc (10 mL)Y/H0(5mL). After separation, the organic
phase was dried on NaxSOu, filtered and concentrated. The crude product was purified
by reverse phase preparative HPLC, method D to give Example 074 (5.0 mg, 0.008
mmol, 34% vield) as the product. 'H NMR (500 MHz, DMSO-ds) 8 ppm 9.69 - $.87
(1H, m), 8.78 (1 H. d, J=2.44 Hz), 8.58 (1 H, 5), 8.46 (2 H. brs), 7.92 (1 H. &,
J=11.60 Hz), 7.86 (2 H, d, J=3.05 Hz), 7.82 (1 1, d, J=8.24 Hz), 5.44 (1 H, brs), 5.15
(1 H brs), 4072 H brs), 399(3H, 53,359 (1 H, brs), 337(2H, brs), 261 (3H,

PCT/US2017/041868
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s), 2.19-2.46 (4 H, m); PF NMR (471 MHz, DMSO-ds) 8 ppm -134.3910-133.94 (1
F. my;, LC-MS: method H, RT = 0.95 mun, MS (ESE m/z; 592 1(M+H)"

EXAMPLE 075 T(O 083

The following additional examples have been prepared, isolated and

characterized using the methods described for Example 074 and the examples above,

from corresponding cyclic diol and boronic acid/ester intermediates.

] LCMS | LCMS
B Structure Chirality | [M+H]" | RT(MinY NMR
Neo. s Method
H NMR (400 MHz,
CDCL) & ppm 8.54 -
850 (1 H. m), 851 (1 H,
s). 8.48 (2 H.5), 7.80 (1
homochiral H, 4, J/=11.22Hz), 7.73
(from 1-08) (1 1, d, .7=0.88 Hz), 7.37
\E\E[Nj/oj o (1 H, 4,.7=7.92 H»). 651
N ‘ ,
075 5 AN 60740 | 1azm [CTHIHm.S4TE

T, d, /=638 Hz). 5.04 (1
H. d, /=3.96 Hz). 4.58 (2
H. d, J=7.04 Hz), 4.29 -
443 (2H, m), 3.89 (2 1L,
brs), 2.64 (3H, s, 2.27
2,56 (4 H. o), 1.51 (3
H, . J=7.04 Hz), 1.27 (1

H, 1, J=7.04 Hz)

W
W
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H NMR (500 MHz,
DMSO-ds) & ppm 9.74
(1 H,brg), 881 (1 H, 4,
homochiral J=2 14 Hz), 8535 (1 H,
(from {-08) 9), 840 (2 H, brg), 8.15
(1H.s),7.85-798(2
N H H, m), 7.78 (1 H, 4,
076 %ig )Ok i“le/O 612.0 1.08/H V=824Hz). 541 (1 H,
TN brs), 5.14 (1 H, brs),
’ °’g> 597 (5H, 5), 3.43 (2 H,
brs), 2.30-244 (2 H,
m), 2.24 (2 H. m.); °F
NMR (471 MHz,
DMSO-ds) 6 ppm
133.61 (1 F, s}

Cl

4 NMR (500 MHz,
DMSO-ds) O ppm 9.56 -
9.8% (1 H, m). 8.79 (1 H,
d, J=2.44 Hz), 854 (1 H,
homochiral s), 840 (2 H, brs), 8.13
{from 1-08) (1 H,s5), 7.85-799(2
H. m), 7.80 (1 H, 4,
? Y o =793 Hz), 5.34 - 5.47
(1 H, m), 4.98 -5.22 (1

) e .
77 oY 626.0 113/H )
Q O)J\uk»l H, m), 4.24 (2 H. q.
- _<5 =671 Hz), 4.00 (2 H.

brsy, 342 (3 H, 4,
=580 Hz), 230 - 2.44
(2H, m),2.17-230(2
H,om), 144 (3H. t,
J=6.87 Hz), YF NMR
(471 MHz, DMSO-ds) &
ppm -133.71 (1 F, 8}
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07%

Cl N\ O\
OH
P
N \

Q LT
L

homochiral

(from {-08)

613.0

115/H

TH NMR {500 MHz,
DMSO-ds) & ppm 9.71

(1 H, brg), 8B67(1H,s),
8.45 (1 H, s}, 8.38 (Z H,
brsy, 7951 H, d.

=2 14 Hey, 787 {1 H, d,
U=11.29 Hz), 7.73 (1 H,
d, /=824 Hz). 540 (1 H,
brs), 5.13 (1 H, brs),
405(3H, 5),398 (2 H,
brs), 3.43 (2 H. s, 2.24
(4 H, brs); YF NMR
(471 MHz, DMSO-ds)
ppm -133.38 (1 F, brs}

079

Cl

racermic

{from I-07)

612.30

2.16/L

TH NMR {500 MHz,
DMSO-ds) & ppm 970 -
983 (1 H, m), 8.85 (1 H,
d.J=275Hz), 859 (1 H,
d J=214Hz), 843 2 H,
brsy, 8.19 (1 H, d,
=244 Hz), 7.89 - 8.02
(2H, m), 783 (1 H. 4,
J=8 24 Hzy 544 (1 H, 4,
/=336 Hz), 5.16 (1 .
brsy, 4.79(1 H, brs),
4.03 (2 H, br s), 4.00 (3
H,$), 3.57 (1 1, br s),
217 -2.46 (4 H. m)

19F NMR (471 MHz,
DMSO-ds} & ppm
-133.65 (1 F, brs)

W
2
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080

homochiral

(from {-08)

604.0

1.04/H

TH NMR {500 MHz,
DMSO-ds) & ppm 9.74
(1 H, brg), 883¢(1H,s),
§70 (1 H,5), 8.44 (1 H.
9), 840 (2 H, brs), 7.90
(1 H, 4, /=11.29 Hz},
777 (1 H, d. J=8.24 H7),
542 (1 H. brs), 5.15(1
., brs), 410 (3 H, 5,
4002 H brs), 3.37 -
361 (2H, m), 214 -
247 (4 H, m): F NMR
(471 MHz, DMSO-ds)
ppm -133 18 (1 F, brs}

081

homochiral

{from 1-08)

596.0

1.04/H

TH NMR {500 MHz,
DMSO-ds) & ppm 9.60 -
988 (1 H, m), 8.79 (1 H,
brsy, 8.42(3 H, brs),
7.89 -7.96 (2 H. m),
7.87 (1 H. d, J=6.41 Hz),
781 (1 H. d. J=8.24 H7),
529-5.55(1 H, m),
5.02-525(1 H, m),
395 -4.07 (5 H, m),
3.47-3.52 (3 H. m),
231 -246 (2 H, m),
2.26 (2 H. m); '°F NMR
(471 MHz, DMSGO-ds) &
ppm -117.45 (1 F, s},
14188 10 -135.45 (1 F,

1)

158
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082

Cl

racemic

{(from 1-07)

v
O\
g\
[\

2.22/L

TH NMR {500 MHz,
DMSO-ds) & ppm 970 -
10.00 (1 H, m), 885 (1
H, d, J=2.75 Hz), 8.45 -
864 (3H, m). 818 (1 H,
d =214 Hz), 7.93 (2 H,
dd, /=717, 4.42 Hz),
783 (1 H. d.J=824 Hz),
544 (1 H, d, J=5 49 Hz),
516 (1 H, d,.J=4.58 Hz),
399 (3 H,s), 2.30 (7 H.
br s}

083

raceric

{(from §-13)

589.1

1.25/H

TH NMR (400 MHz,
DMSO-ds) & ppm 8.75
(1T, 5). 863 (2 H. 5),
8.56 (1 H, d, J=1.76 Hz),
8.03 (1 H, d, /=8.36 Hx).
793 (1 H. d,/=11.44
H2), 7.85 (1 H, 5). 5.36
(1H,5),5.17 (1 H. ),
410 (3 H, 5), 2.66 - 2.71
(11, m). 2.64 (3 H, 5,
240 3H,s). 1.78-2.17
(4T, m), 1.21 G H, s).
1.14 (3 H. s); F NMR
(376 MHz, DMSO-ds) §

ppm -133.61 (1 F, )

EXAMPLE 084

{cis)-2-{{5-fluoro-2-(2-methoxy-7-methylquinoxalin-5-y1)benzo| dithiazol-6-y1joxy -4

A-dimethyleyclopentyl (2-methyipyrimidin-S-ylcarbamate enantiomer |

W




(9]
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25 et
{084)

EXAMPLE 085

fe

(c18)-2-((5-fluoro-2- 2-methoxy -T-methyvlgquinoxalin-5-yDbenzo{dlthiazol-6-vHoxy)-4
A-dimethvicyclopentyl (Z-methylpynmidin-S-yljcarbamate enantiomer 2

7N

Example 083 (7 mg, 0.012 ramol) was separated by chural SFC: Waters Berger MGII
SFC, Chiralpak IB. 30 x 250 mm, 5 micron colunmn; 35%MeQOH/EIOH(1:1)/ 65%

CO2, 85 mL/min, 150 Bar, 40°C, 220 nm.

The 1% stereoisomer to elute (retention time: 7.41 min) is Example 084: "H NMR (400
MHz, CDCL) 8 ppm 8.67 (2 H. ), 8.59 (1 H, d. J=1.76 Hz), 8.55 (1 H. s). 7.80 (1 H,
d, 71144 He), 7.77 (1 H. ), 749 (1 1, d, J=7.70 Hz). 6.56 (1 H, brs), 5.38 (1 H, 4,
J=3.96 Hz), 4.95-5.03 (1 H, m), 4. 14 (3 H, 8), 2.66 (3 H, s), 2.60 (3 H, 5), 1.94 - 2.13
(4H, m), 127 (3H, 5). 1.15 (3 H. s); 1%F NMR (376 MHz, CDCls) § ppm -133.34 (1
F, s}, LO-MS: method H, RT = 1.27 min, MS (ESD) m/z: 589.2 (M+H)".

The 2nd sterevisomer to elute (retention time: 11.47 min) is Example 085 'H NMR
(400 MHz, CDCH) S ppm 8.67 (2 H, 5), 839 (1 H, d, /=176 Hz), 8.55 (1 H,5), 7.79
(1H, d J=11.44 Hz), 7.77 (1 H.5). 7.48 (1 H, d, J=7.70 Hz), 6.57 (1 H. br s), 5.28 -
552 (1H, m), 4.99 (1 H. q, J=4.77 Hz), 4.14 (3 H, 5). 2.65 (3 H, ), 2.60 (3 H, 5). 1.94
S213 (4 H, m), 1.26 3 H. 8), 1.15 (3 H, s); F NMR (376 MHz, CDCL) § ppm
133.35 (1 F, brs), LC-MS: method H, RT = 1.27 min, MS (ESI) m/z: 589.2 (M+H)".

EXAMPLE 086

160
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rac-cis-4-({ 5-fluoro-2-(2-methoxy-7T-methylquinoxalin-5-yhbenzo| djthiazol-6-v1joxy}

tetrahy drofuran-3-y] (Z-methylpyrimidin-5-ylcarbamate
FFI“
Example 086 was made from 1-135 and [-20 by the method described for Example 061
5 1H NMR (300MHz, DMSO-ds) 5 1014998 (m, 1 H). 8.73 (s, 1 H), 8.60 (s, 7H),
854 (d. J=1 4 Hz, 1 H), 8.04 (4. J=8 3 Hz | H}. 792 (d, /=11.6 Hz, 1 H), 783 (s, 1
H), 5.56 (q, J=5.2 Hz. 1 H), 5.30 (d. J=5.2 Hz, 1 H), 4.25 (dd, J=9.6, 5.8 Hz, 1 H),

4.124{dd, /=99, 55Hz, 1 H), 408 (s, 3H), 3.94 {(ddd, J=9.8, 7.6, 4 5 Hz, 2H), 2.62 (5,
3H), 2.39 (s, 3H), LC-MS: method L, RT = 1781 min, MS (ESD m/z: 563.15 (M+H)"

(056)

16

EXAMPLE 087

rac-¢is-4-{{S-fluore-2-(2-methoxy-7-methy lguinoxalin-5-ybenzol djthiazol-6-yDoxy)
tetrahy drofuran-3-v1 (6-methoxy pyrnidin-3-vljcarbamate
FFI“
\
’b (087)

15 Example 087 was made from 1-15 and 1-20 by the method described for Example 001:

'H NMR (500MHz, DMSO-ds) § 9.68 (brs, 1 H), 8.67 (s, 1 H), 8.49 (5. 1 H), 8.05 (br
s, 1H), 7.98 (d, /=¢.2 Hz. 1 H). 789 (d, J=11.6 Hz, 1 H), 7.77 (s, 1 H), 7.60 (d, J=7.3
Hz, 1 H), 6.64 (d, J=8.8 Hz, 1 H), 5.52 (4, J=4.9 Hz, 1 H), 5.26 (d, /=4.9 Hz, 1 H),
424 (dd. J=9.5, 5.8 Hz, 1 ), 4.11 (dd. /=9.8. 5.5 Hz, 1 H), 4.05 (s, 3H), 3.92 (d,

20 J=4.3 Hz 2H), 3.65 (br s, 3H), 2.59 (s, 3H); LC-AS: method H, RT = 1.15 min, MS
(EST) m/z: 578.3 (M+H)".

EXAMPLE 088
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rac-cis-3-({ 5-fluoro-2-(2-methoxy-7T-methylquinoxalin-5-yhbenzo| djthiazol-6-v1joxy}

tetrahy dro-2H-pyran-4-y1 (6-methoxypyridin-3-vljcarbamate

N\ O
N? S 0 Q
’b {088)

Example 088 was made from {-16 and 1-20 by the method described for Example 053:
5 'HNMR (500MHz, DMSGO-ds) 6 9.57 (brs, 1 H), 8.66 (s, 1 H). 8.50 (s, 1 H}, 8.10 (br
s, TH)L 800{(d, J=TOHz, 1 HL 794 (s, 1 H), 701{(d, J=11.6 Hz, 1 H), 777 (5, 1 H),
765¢brs, THYL 5 19(d, /=85Hz I H), 487 (brs. I H}), 405 (s5,3H), 389 (brs, |
H), 3.74(d. J=11.6 Hz, 1 H)Y, 3.65-358 (m, 1 H}, 2.88 (5. 4H)}. 2.15(d, /=98 Hz. 1
H), 1.89(d, J=10.1 Hz, 1 H};, LC-MS: method L, RT = 2.01 min, M5 (ESD) m/z:
10 592.05 (M+H)"
EXAMPLE 089
rac-cis-3-((2-(7-cy ano-2-methoxy quinoxalin-5-v}-5-fluorobenzof d jthiazol-6-yljoxy)t

etrahy dro-ZH-pyran-4-y1 {G-methoxypyndin-3-ylcarbamate

NC N\ O\
N 7 S 0 Q
—b (0B9)

15 Example 089 was made from 1-16 and 1-25 by the method described for Example 053:
'H NMR (400MHz, DMSO-ds) 6 8.95 (5, 1 H), 8.85(d, J=1.8 Hz, 1 H), 8.55 (d, J=1.8
Hz, 1 H), 8.13 - 8.05 (m, 2H), 8.00 (d, J=11.4 Hz, 1 H), 7.65 (brs, 1 H), 6.66 (d,
J=8 8 Hz 1 H), 521 (brs, 1 H). 492 (brs, 1 H). 4.13 (5. 3H). 4.02 (brs, 1 H). 3.88
{(brs, 1H), 3.67 (s, 3H), 2.17 (d, J=10.1 Hz, 1 H), 1.90(d, /=84 Hz, 1 H); "F NMR
20 {(376MHz, DMSO-ds) & -132.28 (brs, 1 F; LO-MS: method L, RT = 1.04 min, MS
(BST) m/z: 603.2 (M+H)
EXAMPLE 090



(93}

16
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WO 2018/013770

rac-trans-benzyl
3-{(8-fuoro-2-(2-methoxy-7-methy lquinosalin-3-yDbenzo| djthiazol-6-vhoxy }-4-hy dr

oxypyrrolidine-1-carboxylate
N O

| l T
N

NZ s

" °’Gcw(@90}

Under nitrogen atmosphere, 1-27 (72 mg, 0.211 mmol) was mixed with benzyl

e}

6-oxa-3-azabicyclo{3.1.0] hexane-3-carboxylate (185 mg, 0.844 mmol) in DMF (1
mb}. Anhydrous Cs2C0s (103 mg, 0.316 mmol) was added. The mixture was stirred
at 30 °C for 6 hours. After cooling to room temperature, the reaction was diluted by
adding 20 L of EtOAc and 20 ml. of water. Afier separation, the aq. laver was
extracted with EtOAc (20 mL %2} The organic phases were cornbined and washed
with brine, dried over Na:SOy, filtered and concentrated. The crude product was
purified by stlica gel chromatography (24 g silica) and eluted with 0-100%
EtOAc/hexane gradient. The desired fractions were collected and solvent was
removed to give Example 090 (177 mg, 0.316 nunol, 150 % vield} as a vellow solid,
which contains some unreacted starting material. ‘H NMR (400 MHz, CDCl3) 8 ppm
§62(1H, d,J=176H2), 856 (1 H.s). 784 (1 1. d, J=11.44 Hz). 7.78 (1 H. s), 7.49
(1H, d,J=770Hz). 731-743 (GH, m). 5.18 (2 H. brs), 4.78 {1 H, brs}), 4.58 (1 H.
brs), 4.14 (3, 5), 3.82-3.99 (2 H, m), 3.80 (1 H. s), 3.63 (1 H, dd, /=19.81, 11.88
Hz), 2.66 (3 H, s); F NMR (376 MHz, CDCI3) 8 ppm -140.59 t0 -128.86 (1 F, m):
LC-MS: method H, RT = 1.27 min, MS (ESD) m/z: 561.1 (M+H)"

EXAMPLE 091
rac-cis-tert-buty!
3-{(5-fluoro-2-2-methoxy-7-methylguinoxalin-5-yDbenzo{d jthiazol-6-y Doxy }-4-({ (2~

methylpyrimidin-5-ylicarbamoyljoxy ypiperidine-1-carboxylate

PCT/US2017/041868
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Exarnple 091 was made from {-17 and 1-20 by the method described for Example 001

'H NMR (500MHz. DMSO-ds) 8 8.72 - 8.68 (m. 1 H), 8.67 (s, 2H), 8.52 (brs. 1 H),
5 8.04(d, J=6.7Hz 1H), 7.93 (brs, I H), 7.78 (s, 1 H), 5.15 (m, 1 H), 4.94 (m. 1 H),

433 (m, 1 H). 4.05 (5. 3H). 3.32-3.20 (m, 1 H). 3.06 - 2.96 (m, 1 H). 2.59 (5. 3H).

2.54 (s, 3H), 2.14 - 1.98 (m, 2H). 1.93 - 1.81 (m, 2H), 1.00 (s, 9H), UF NMR

(47 1MHz, DMSO-ds) 6 -133.36 (s, 1 F); LO-AMS: method L, RT = 2.427 min, MS

(ESTy m/z: 676.2 (M+H)".

10
EXAMPLE 092
rac-cis-tert-buty|
3{(5-fluoro-2-(2-methoxy-7-methvigumoxalin-3-y{Ybenzo| d fthiazol-6-vy Doxy }-4-{((6-
15 methoxypyridin-3-ylcarbamoylyoxyypiperidine-1-carboxylate

j/ ~
\(E[ O\
—ro {()92)

Example 092 was made from {-17 and 1-20 by the method descnbed for Example 001,
'H NMR (500MHz, DMSO-ds) § 8.70 (5, 1 H), 8.55 (brs, L H), 8.18 (brs, 1 H), 8.05
20 (brs, TH), 7.97(d, =11.6Hz, TH), 781 (s, 1 H}, 772 (brs, 1 H), 673 (d, /=8.2 Hy,
TH), 5.14 (m, 1 H), 4.94 (m, 1 H), 435 (m, 1 H), 4.07 (5. 3H), 3.74 (s, 3H), 3.27 (4,
J=153 Hz, 1 H), 3.09 -2.94 (m, 1 H), 2.61 (s, 3H), 2.07 (m, 1 H1, 1.88 (m, 1 H). 1.40
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{m, 2H), 1.02 {s., 9H); F NMR (471MHz, DMSO-ds} 6 -133.30 (brs, 1 F); LC-MS:
method M, RT = 2.677 min, MS (ESD m/z: 691.20 (M+H)".
EXAMPLE (93

5 rac-cis-3-((5-fuoro-2-(2-methoxy-7-methylguinoxahn-S-yDbenzol djthiazol-6-yDoxy)

piperidin-4-vi (6-methoxypyridin-3-yljcarbamate
T
\g O\

Example 092 (37 mg, 0.054 mwool} was dissolved in DCM (2 ml) and was treated

NH {093}

with TFA (500 uyl, 6.49 nmywol) at room temperature for 1 hour. Then the solvent was
10 removed and the residue was purified by reverse phase preparative HPLC, method D,
to afford Example 093 (2.5 mg, 0.004 mmol, 8% vield) as the product. 'H NMR (500
MHz, DMSO-ds) 8 ppm 9.53 (1 H, brs), £.63 (1 H, 5), 8.48 (1 H, s}, §.08 (1 H, brs),
798¢ (1 H, &, J=7.93Hz), 790 (1 H, d, /=11.29 Hz), 7.77 (1 H, 5), 7.64 (1 H. brs),
6OTTH, L =885Hz), SIS H, brs), 473 (1 H, brs), 404 (4 H,5), 3.24 (1 H, br
S), 3.05 (1 H, d,J=12.51 Hz). 2.92-3.01 (1 H, m), 2.81 (1 H, brs), 2.54 (6 H. ), 1.97
~2.11(1 H, m), 1.80 - 1.88 (1 H, m); '°F NMR (471 MHz, DMSO-ds) 8 ppm -132.44
(1 F, bre)y, LC-MS: method L, RT = 1.757 nun, MS (ESI) m/z: 5390.45 (M+H)".

[
(i

EXAMPLE 094
20 rac-cis-l-acetyl-3-((5-fluoro-2-(2-methoxy-7-methyvlquinoxalin-5-yhbenzold {thiazol-

6-vhoxyypiperidin-4-vl (Z2-methyvipyrimidin-3-ylcarbamate

?U\
@

o {094)

[
<N
(i



WO 2018/013770 PCT/US2017/041868

Example 094A:
cis-3-({5-fluoro-2-(2-moethoxy-7-methyiquinoxalin-S-yhbenzof dithiazol-6-vhoxy)pip

eridin-4-yl (Z-methyipyvrimidin-S-vijcarbamate, TFA salt

TEU\/«
2.

In a round bottom flask charged with a sturring bar, Example 091 (136 mg, ¢.201

Wh

mmol} was dissolved in DCM (2 ml} and treated with TFA (1 ml, 12.98 mmol) at
roora temperature for 30 manutes. Then the solvent was removed 1o vacuo and the
10 residue was dried on HVAC for 2 hour to give crude product which was used without

purification. LO-MS: method H, RT = 0.85 mun, MS (ESI} m/z: 576.1 (M+H)"

Example 094:
In a vial charged with a stirring bar, Example 094A (35 mg, 0.051 mmol} was
15 dissolved m THF {1 mL), and pynidine (0.012 mL, 8.152 mmol} was added, followed
by Ac2Q (4.79 pl, 0.051 mumol}. The mixture was stirred at room temperature for 1
hour. Then the solvent was removed on the rotary evaporator and the residue was
purified by reverse phase preparative HPLC, method D, to give Example 094 (11.7
mg, 0.019 mmol, 37% vield) as the product. LC-3S" method L, RT = 1.968 ymun, MS
20 (BSDm/z 618.30 (M+H)"

EXAMPLE 093
rac-¢is-3-({5-fluore-2-(2-methoxy-7T-methy lquinoxalin-5S-vi}benzo[djthiazol-6-yoxy)

-1 -{methylsulfonyipiperidin-4-v! (Z-methylpyrimidin-Svijcarbamate
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?U\
Q@

g (095)

In a vial charged with a stirring bar, Example 0944 (13 mg, 0.023 mumol) was
5 suspended in DCM (1 mL), methanesulfonyl chlonide (12.94 mg, 0.113 mmol) was

added. followed by DIEA (0.032 mL, 0.181 mmol). The mixture was stirred at room
temperature for 30 minutes. Then the solvent was removed by rotary evaporator and
the residue was purified on reverse phase preparative HPLC, method D, to give
Example 095 (5.2 mg, 0.008 mmol. 35% vield) as the product. 1H NMR (500 MHz,

10 DMSO-ds) & ppm 9.96 (1 H, brs), 8.64 (3 H, d. /=13.12 Hz), 8.49 (1 H, 5). 8.05 (1 H.
d,J=7.93 Hz). 792 (1 H,d. /=120 Hz), 778 (1 2, s). 5.17 (1 H, d. /=732 Hz), 498
{(1H,brs), 405 (3H.s), 3.69-383(1 H.m), 3.20-3.34(1 H, m), 297 (3H, s, 2.59
(31, ), 239 (3. s), 2.20 (1 H, d, J=9.46 Hz), 2.01 (1 1, brs), 1.03 (1 H. d, /=5.80
Hzy, YFNMR (471 MHz, DMSO-ds) § ppm -132.69 (1 F, br s}, LC-MS: method L,

15 RT=2.031 min, MS (ESI) mZz: 654.25 (M+H}".

EXAMPLE 096

raC—cisG~((5—ﬂuom—L(ZamethG};V—7—methviqmnoxahn—i nvl)benzo{d} thiazoL(i-vi)@xy)

20 k (0u6)

[
[}
~3
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Example 096 was isolated as a side product of the reaction for making Example 093.

LOC-MS: method L, RT = 2,272 man, MS (ESI m/z: 672.5 (M+H}"

EXAMPLE 097
5 rac-cis-4,4-difluoro-2<{((5-fluoro-2-(Z-methoxy-7-methviquinoxalin-3-yi}benzo| djthia

zol-6-vhoxy eyvelopentyl (C-methylpyrimidin-5-ylicarbamate)

Padbe
S

= (097)

Exarnple 097 was made from {-10 and 1-20 by the method described for Example 053.

'H NMR (400 MHz, DMSO-ds) 8 ppm 10.02 (1 H, brs), 8.75 (1 H. 5), 8.63 (2 H, 5),
10 8356(1H,d, /=176 Hz), 8.00(1 H. d. J=8.14 Hz), 7.96 (1 H. d, /=11.66 Hz). 7.85 (1

H,s), 553 (1 H, &, J=4.40 Hz), 532 (1 H, d, /=4.62 Hz), 410 (3 H, 5), 2.82 - 2.99 (1

H,om), 271 -2.81 (1 H, m), 2.64 (3, 5), 2.54 - 2.62 (2 H. m), 2.39 (3 H. o), F

NMR (376 MHz, DMSQ-de) 0 ppm -85.28 10 -7890 2 F, m}, -133.42 (1 F, 5);

LC-MS: method H, RT = 1.13 min, MS (ESI) m/z: 597.0 (M+H)".

EXAMPLE 098
rac-cis-2-{{2-{6-chloro-3-methoxy quinolin-8-y1)-3-fluorobenzo| djthiazol-6-vHoxy -4,
4-diffuorocyclopentyl (Z-methylpyvrimidin-S-ycarbamate

Cl ~ O\

P a
N

7 Ng

F
F {098)

20 Example 098 was made from I-10 and Intermediate 1-29 by the method described for

Example 053. IH NMR (500MHz, DMSO-ds) 8 8.88 - 8.83 (m, 1 H), 8.74 (br s, 2H),

R.62-8.55(m. 1 H), 8.17(d. /=1 8 Hz, 1 H), .09 (d. J=R8.2 Hz, 1 H}. 8.00 (d, J=11.3
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Hz, 1 H), 7.92(d, J=2.7 Hz, 1 H). 5.37 (brs, 1 H), 5.17 (brs, 1 H), 3.98 (s, 3H), 2.98
- 2.80 (m, 2FD), 2.52 (s, 3H), 2.41 - 2.27 {m. 1 H), 2.25 - 2.12 {m, 1 H); F NMR

(47 IMHz, DMSO-ds) § -82.56 10 -84.40 (m, 2F), -133.53 (s, 1 F); LC-MS: method L,
RT = 2.442 min, MS (ESD) m/z: 616.20 (M+H)",

EXAMPLE 099

(cis)—4,4~diﬂu0r0~2~{ { 5—ﬁm‘;r0~2~(2-methoxvJ-n‘aethyiquimxai in-5 —Vl)henm{ dithiazo

?U\
Qa )

10 Example 099 was made from 1-12 and 1-20 by the method described for Example 053.
'H NMR (500MHz. DMSO-ds) 8 9.98 (brs. 1 H), 8.65 (s, 1 H). 8.58 (5. 2H). 8.47 (s.
1 H), 8.00 (d, /=8.2 Hz, 1 H), 7.89(d. J=11.6 Hz, 1 H), 7.78 (s, | H), 5.49 (brs, 1 H),
532 (brs, 1 H). 4.06 (s, 3H), 2.98 - 2.68 (m, 2H), 2.63 (m, 2H). 2.60 (s, 3H), 2.33 s,
3H), 1F NMR (471MHz, DMSO-ds) & -81.18 to -85.01 (m, 2F), -133.36 (5., 1 F);

15 LC-MS: method L, RT =2271 nin, MS (EST) m/z: 597 10 (M+H)".
EXAMPLE 100
(cis)-4,4-diftuoro-2-{{ 5-fluoro-2-(2-methoxy-7-methyigunoxalin-5-ybenzoldjthiazo
i-6-yhoxy jeyclopenty! (Z-methylpyrimidin-S-vi)carbamate (homochiral
F I T )
F Qi
20 F (100}

Example 099 was made from I-11 and I-20 by the method described for Example 053,

T NMR (500 MHz, DMSO-ds) 6 ppm 995 (1 H, brs), 8.64 (1 H, 5}, 856 (Z H. ¢},

169



WO 2018/013770 PCT/US2017/041868

846{1H,s), 799 (1 H,d, /<793 Hz), 787 (1 H,d, J=11.60 Hz), 777 (1 H, s}, 539 -
SSS(IH, m), 530 (0 H, brs), 404 (3H. ¢), 285 (1 H, d, /=16.48 Hz), 2.66 - 2.78 {1
H,m), 258 QH, m), 254 (3 H, 5), 2.32 (3 H, s3:'F NMR (471 MHz, DMSO-ds) &
ppm -84.29 10 -81 533 (2 F, m), -133.53 {0 -133.25 (1 F, s); LO-MS: method L, RT =

5 2270 mun, MS (EST m/z: 597.0 (M+H)".

EXAMPLE 101
{cis)-4.4-difluoro-2-{(S-fluoro-2-(3-methoxy-6-methy Iquinolin-8-ybenrzol djthiazol-6

-vyoxy Jevclopentyl (2-(2-hydroxyethoxy ypyrimidin-5-ylhcarbamate (homochiral)
HO

NN 8
P

N O

N
y Q
N S o) — N
Py
Q H
F
10 2 (101
Example 101 was made from 1-12, 1-20 and Intermediate 1-30 by the method
described for Example 053, 'H NMR (500MHz, DMSO-ds) 8 9.85 (brs, 1 H), 8.67 (s,
1 H), 8.50 (s, 1 H), 8.47 (brs, 2H), 8.03 (d, J=7.9 Hz, 1 H), 7.92(d, J=11.6 Hz, 1 H),
779 (s, 1 H), 5.49 (m, 1 H), 5.30 (m, 1 H), 4.10 (m, 2H), 4.06 (s, 3H), 3.58 (m, 2H),

15 295-2.67(m, 2ZH), 2.60 {m, ZH), 2.54 (s, 3H}); LC-AS" method L, RT =219 nun,
MS (EST) m/z: 643.0 (M+H).
EXAMPLE 102
(cis)-4, 4-difluoro-2-{{5-fluoro-2-(3-methoxy-6-methyiquinolin-8-yibenzo| djthiazol-6
20 yhoxy)eyclopentyl (2-(2-hy droxyethoxy ypyrimidin-5-vljcarbamate homochiral

F Qmues

\\\OY o
m T Z
bl

(102)

i

-

0
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[
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Example 102 was made from [-11, I-20 and Intermediate [-30 by the method
described for Example 053, 'H NMR (500MHz, DMSO-ds) § 9.82 (brs, 1 H), 8.63 (s,
1 H), 8.46 (m, 3H), 7.99 (d. J=8.2 Hz, 1 H), 789 (d, J=11.3 Hz, 1 H). 7.76 (s, 1 H),
548 (m. 1 H), 5.29 (m, 1 H), 4.06 (m, 2H), 4.04 (s, 3H), 3.51 {m, 2H), 2.95 - 2.65 (m,
2H), 2.63 - 2.59 (m, 2H), 2.58 (s, 3H); F NMR (471 MHz, DMSO-ds) & -81.43 to
-84.12 {m, 2F}, -133.23 (s, | F); LC-MS: method L, RT = 2.20 min, MS (ESDm/z:
665.0 (M+Na)"

EXAMPLE 103
rac-cis-S-({(5-fluoro-2-(2-methoxy-7-methylquinoxalin-S-yybenzo[ djthazol-6-vyHoxy)

-2, 2-dumethvicyclopentanol

\?:N\ O\
T
N
N? s
<} \>HO
(103)

Example 103 was made from 1-14 and [-20 by the method deseribed for Example
001 A TH NMR (500 MHz, DMSO-ds) S ppm 870 (1 H, 5}, 8.55 (1 H, 5), 7.88 - 7.97
(2H, m), 7.80 (1 F, s), 487 (1 H, d, /=6.71 Hz), 4.68 (1 H, d, J=5.80 Hz), 4.07 G H,
$),3.73 (1 H. 1. /=534 Hz), 2.61 (3H, s). 2.19 (1 H, d. J=7.93 Hz), 1.50 (1 H. 4,
J=5 19 Hz), 1.59- 1.72 (1 H. m), 1.37 (1 H. dd, J=12.66, 6.56 Hz), 1.03 (6 H, 4,
J=2.44 Hz) ; LC-MS: method M, RT = 2.716 min, MS (ESI m/z: 454 20 (M+H)".

EXAMPLE 104

rac-cis-5-{(5-11 uoro-Z—Q—meihaxy~7~methylquinoxalin-i -vi)benzo|djthiazol-6-vijoxy)

?U\
83
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Example 104 (10.8 mg, 0.017 mmol, 32% yield) was made from Example 103 (28
mg, 0.054 mmol) via the procedure described for Example 055, TH NMR (500 MHz,
DMSO-ds) & ppm 9.84 (1 H, brs). §.63 (1 H, ), 8.58 (2 H, brs), 845 (1 H, ), 7.91 (1
H. 4 J=7.93Hz), 781 A H, d, J=11.60 Hz), 7.74 (1 H. 5), 5.14 (0 H, d, /=6.41 Hz),
483(1H, brs), 402 (3H. s), 2.56 (3 H, s), 2.46 (3 H. brs), 2.37 (2 H. d. /=580 Hz),
186 (1H, brs), 173 (1 H,brs), 1.44 - 1.56 (1 H, m), 1.05 - 1.15 (6 H, m): 1°F NMR
{471 MHz, DMSO-ds) O ppm -133.68 (1 F, brs); LC-MS: method L, RT =2.521 min,
MS (ESD) m/z: 589.20 (M+H)+.

,..,
-
b2



WO 2018/013770 PCT/US2017/041868

What 1s claimed is;

1. A compound of formula (1) to (V)

Wh

(R?), 1 ®), K
|\\ Nj/R |\\ X R
RE N N R8N N
R® (1) R® (In
2
(R?), R,
SO>S
N = N/ Nz N/
R® ay R3 (V)

sterecisomers, or salt thereof] wherein;

Rlis F, Cl, -OH, Ci4 alkyl, C1a fluoroalkyl, Coa atkenyl, Cra alkynyl, Cs7
10 cyeloalkyl, Cs7 fluorocycloatkyl, Cra alkoxy, Cia fucroalkoxy, Coa hydroxyalkoxy,
Cs6 cvcloalkoxy, (Cis alkoxy)}-(Cis alkylene), (Cios alkoxyv)-(Cis fluorcalkylene),
(Crs fluorcalkoxy ) Cis fluorcalkyleng), (Cis deuteroalkoxy )-{Cis deutercalkylene),
{Cis fluorcalkoxy}-{Cis alkylenel, -(CHznO{phenvl), (CHzNRR?, -C{OY{Cis
alky D), <C{OINRR?, -C(OINRPRY, -NH:, -NH(C 16 alkyl), -N{Crs alkyl, -NH(Cis

[
(i

piperazinvi, -S(OR(Crz alkyl), -S(ORNRR?, (15 alkylthio, or Cis fluorcalkylthio;

hydroxvalkylh), azetidinyl, pyrrolidinyl, furanyl, pyranvl, pipenidiny!, morpholiny!

Ro, at each occurrence, is independently H, F, Cl, Br, -OH, -CN, Ci4 alkyvi,
Crs fluoroalkyl, Cie hvdroxvalkyl, Cis aminealkyl, Crs alkenyl, Crsalkvoyl, Cao
20 eycloalkyl, Car fluorocycloalkyl, Cie alkoxy, Cis Huoroalkoxy, Cis altkylihio, Cis
fluoroalkylthio, (Ci1s alkoxy-{Cis alkyiene), (Cis fluorcalkoxy)}-(C 3 alkylene),
-C{OWNH2, -C{ONH{Ci6 alkvl), -CIOIN(Crs alky ), -COY(Cis alkyl),
-C{OWNH(CHCH20(C13 atkyl)), -CIOINRPRP, -C(O){piperidinyl), -CH(OH Y 5.
cveloalkyl), -CH(OH)(phenyl), -CH(OH)(pyridyD), -S(OR(Cizalkyl), -S(ORNRRY,
25 oracychic group selected from phenyl, 5- to 6-membered heteroarvl, and 3- 1o
7-memberead heterocyclyl, wherein said cvelic group is substituted with zero to 5
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substitnents independently selected from F, Cl, hydroxy, Ci4 alkvl, {14 fluoroalkyl,

Cis atkoxy, Cis fluorcatkoxy, cyclopropyl, and -CN;

R?is:
N” NJ\S o o
RS — RS R5 — R5
R® o} R\ N R® o R\ N C
N7 “NH N\/ ) N\ A
" O'RS » N O’R5 or g N O’RS s and
\ / \ 7/

v

)
n
®)
w
A
o
@)
ov)
)
n
®)

&

R*is H. F, CL hydroxy, Cia alkyl, Ci4 flucroalkyl, Cis hydroxyalkyl, Cis

alkoxy, Cis fluorcalkoxy, Ui alkylihio, cyclopropyi, or -ON;

Ring B, along with the two carbon atoms through which 1t 1s attached, is 2 3
10 107 membered cycloalkyl, or a 5 to 7 membered heterocycle having 1 nitrogen,
oxygen, or sulphur atom, wherein the cycloalkyi and heterocycle are substituted with

0-4 RY:

R¥is H, or C{O)NRRS;

15
R®1is H, Ci4 alkyl, phenyl, or a 5 or 6 membered heteroaryl, containing 1 0 3
nitrogen atoros and 0-1 oxvgen or sulphur atorus, the phenvl or heteroaryl being
substituted with 0-2 R7;

20 R7is CN. hydroxy, NR*R? halogen, Cisalkyvl, Crafluoroalkyl, Cia-
hydroxyalkvl, Cshydroxytiuoroalkyl, C(OMR?, C{OYORE, C{OINRERS, S{(ORNRERS,
and S(ORR®, -0-Craalkyl, -S-Craalkyl, A0-Crs-hydroxyalkyl, -0-Cig-aminoalkyl,
-0-Cra-hydroxyfluorcalkyl, O-Crafluoroalkyl, O-POs~, -Craalkyl-0-POs7,
-Crafluoroalkyl-0-P0Os 7, -0-Craalkyl-0-P0s 7, -O-Crafluoroalkyi-O-P0s,

25 -N{R#-Cishvdroxyalkyl, or -N(R*)-Cishydroxyfluoroalkyl;
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R¥isH, F, CL or CH3;

R%is H, N, hydroxyl, Ciaalkyl, Ciafluorcalkyl, cyclopropyl. or halogen:

R?is H, Craalkyl, or Crafluorcalkvi;

two RP along with the nitrogen atom to which they are atiached form a 4- to
T-membered heterocyclo ring, having 1 to 2 nitrogen atoms and 0-1 oxygen or sulfur
atoms;

RCis H, Craalkyl, or Cishydroxvalkyl;

Réis F, CL, hydroxy, Cre alkyl, Cia fluoroalkyl, Cia hydrosyalkyl, Cis
alkoxy, Cis fluorcalkoxy, Cis alkylihio, cyclopropyl, -CN, C(OMRY, C{OY0OR?,

C(OYNRARS, S(O)NRRS, or S(O1R? and

nis i3

b

. A compound of claim 1, sterecisomer or salt thereof, wherein

R!is methyl, methoxy, ethoxy, OCHF:, or -CH»OCH3;

R*is F, C1, CN, methyl, hydroxymethyl, methoxy, or difluoromethyl;

R*is
N/*S NJ\S o
R5 — RS RS
9 ’ 9 ’ 9 ’
R O R \ /N (@] or R (@]
R*isHorF;

Ring B, along with the two carbon atoms through which it is attached, is
cyclobutyvl, cvclopentyl, cyclohexvi, tetrahydrofuranyl, pyrrolidinyl,

75
1o
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tetrahy dropyranyl, or piperadinyl, each of these being substituted with 0-3 R,

R is C{OINHR®;

Wh

RO is phenvl, pyridinyl, pyrimidinyl, pyridazinvl, or pyrazinyl, each of these

being substituted with 0-2 R7,
R7is F, C1, CN, hydroxy, Craalkyl, Crafluoroalkyl Crahydroxyalkyl,
COOYOR?, CIOINRRE, -O-Craalkyl, -5-Craalkyl, -O-Cra-hydroxyalkyl,
10 O-Ciafluoroalkyl, -0-POs7, -Craalky-O-PO3 2, or ~-O-Craalkvi-0-POs 7%,

R¥isHorF;

R”is H, F, Cl, CHs. or CHF2;

15
R¥is H, or Craalkyl,
Reis H, Cisalkyl, or Cishydroxyalkyl;
20 R%is F, Cra alkyl, C(O)0-Craalkyl, Cis fluorealkyl, Cis alkoxy, or Cis
fluoroalkoxy:;
3. A compound of claims 1 or 2, stereoisomer or salt thereof, wherein
25
R! is methoxy, or ethoxy;
R%is F, Cl, CN, or methyl;
R3is
s s
R5 — R5
R® o R® N O
or ¢
R* o—B R* o—B
30 RtisHorF;
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Ring B, along with the two carbon atoms through which it is attached, is a
cyclobutyl, cyclopentyl, or cvelohexyl, each of these being substituted with 0-2 RY;
R is C{OINHR®;

R® is pyvridinyl, or pyrimidinyl, each of these being substituted with 0-2 R7;

5 R7is F, Cl, CN, hydroxy, methyl, CFs, CHF», CH2OH, CHxCH0H,
SOCHCHOH, -OCHs, -OCF: -OCHF:, -CHCH(CH:)0H, -O-CH>CH(CH:0H, |
-0-POx?2, CH20-POx?, CHoCH20-PO3 2, -OCHCH20-POs7, CHCHCH)O-POs 2,
or -0-CHCH(CH3)0-PO5 2,

R¥*isHorF;
10 R”is H: and
R¢is F, or methyl.
4. A compound of claims 1 - 3, stereoisomer or salt thereof, wherein
R*is
s
RS
RLQ o}
15 R O@.
5. A compound of claims 1 - 4, sterecisomer or salt thereof, wherein the compound 18
of formula (I
(Ri)” Ny R
YR
By
20 R? 0

6. A compound of claims 1 or 2, stereoisomer or salt thereof, wherein the compound

is of formula

[a)
~3
~3
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N R® N
z
RQ o N/ S N S N/ S
R5 /R5 R5
RO o RY 0 9
R4 o) R O
F 4
- 4N A Y
2 1 2 1 2 1
R N\j/R R N\j/R R2 N\ R R Nj/R
) ) Y )
R® N R® N RJ(E[N/ R® N
N7 s N7 s 7 N” s
N
R5 ,R5 P R5 ,Rs
Rg O/ 9 e} R9 o 9 0]
4 F 4
oo Hhag T RO
F R © (@]

R8 N N“ s
’d
z R5 NS
N s RO 5 s
RS o ,
R® o R Q
N R* O
R4 \ N.
© o RY or RY.

5 7. The compound of claim 6, sterecisomer or salt thereof, wherein

R!is methoxy, or ethoxy;

R?is F, Cl, CN, or methyi;

R*is F;

Ring B, along with the two carbon atoms through which it is attached, is a
10 cvelobutyl, cyclopentyl, or cyclohexyl, each of these being substituted with 0-2 RY;

R is C{OINHRY;

R is pyridinyl, or pyrimidinyl, each of these being substituted with 0-2 R7;

R7is F, Cl, CN, hydroxy, methyl, CFs, CHF2, CH2OH, CHCH0H,

-OCH:2CH:0H, -OCH:, -OCF3 -OCHF:, -CHCH(CH3)OH, or -O-CH2CH(CH:)OH,
15 R®is H:
178
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R%is H; and
R%is H, methyl, or C{OYO-Craalkvl:

8. The compound of claims 1-3, stereoisomer or salt thereof,, wherein

9. A compound of claims 1-8, stereoisomer or salt thereof, wherein

R7is F, Cl, CN, hydroxy, methyl, CFs, CHF2, CH2OH, CHCH0H,
-OCHCH2OH, -OCH;s, -OCF; -OCHF:, -CHXCH(CH:)YOH, or -O-CHCH(CH:)OH.

10, The compound according to claim 1 stereoisomer or salt thereof, wherein said

compound is selected from Examples 1 to Example 104.

11. A pharmaceutical composition, which comprises a pharmaceutically acceptable
carrier and a compound according to claim 1 or a pharmaceutically acceptable salt

thereof, alone or in combination with another therapeutic agent.

12. A method for the treatment of a thromboembolic disorder or the primary
prophyviaxis of a thromboembolic disorder, which comprises the steps of
administering to a patient in need thereof a therapeutically effective amount of a
compound according to claim | or a pharmaceutically acceptable salt thereof, wherein
the thromboembolic disorder is selected from the group consisting of arternal
cardiovascular thromboembolic disorders, venous cardiovascular thromboembolic
disorders, and thromboembolic disorders in the chambers of the heart or in the

peripheral circulation.

13. The method according to claim 12 wherein the thromboembolic disorder s
selected from the group consisting of unstable angina, an acute coronary syndrorue,

atrial fibrillation, myocardial infarction, transient ischenuc attack, stroke,
179

PCT/US2017/041868



Wh

10

WO 2018/013770 PCT/US2017/041868

atherosclerosis, peripheral occlusive arterial disease, venous thrombosis, deep vein
thrombosis, thrombophlebitis, arferial embolism, coronary arterial thrombosis,
cerebral arterial thrombosis, cerebral embolism, kidney embolism, pulmonary
embolism, and thrombosis resulting from medical implants, devices, and procedures

in which blood is exposed to an artificial surface that promotes thrombosis.
14. A method of inhibiting or preventing platelet aggregation, which comprises the

step of administering to a subject in need thereof a therapeutically effective amount of

a compound according to claim 1 or a salt thereof
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