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HEPATITIS B VIRAL ASSEMBLY EFFECTORS

RELATED APPLICATIONS

j0001] This application claims the benefit of and priority to United States Provisional
Patent Application serial number 61/892,561, filed October 18, 2013; the contents of which are
hereby mcorporated by reference.

STATEMENT OF GOVERNMENT SUPPORT

{0602} This invention was made with government support under AI067417 awarded by

the National Instittes of Health. The government has certain rights in the mvention,

BACKGROUND
100031 Hepatitis B (HBV} causes viral hepatitis that can further lead to chronic bver

disease and mcrease the risk of hver cirrhosis and hiver cancer (hepatocellular carcioma),
Worldwide, more than 2 billion people have been infected with HBV_ around 360 milhon people
are chronically infected and every year HBY infection canses more than one million deaths.
HBV can be spread by body fhuds: from mother to child, by sex, and via blood products.
Chuldren born to HBVY-positive mothers may alse be infected, unless vaceinated at birth,

{00041 At present, chronic HBV 15 pnimanily treated with nucleosidesiuocleotides {e.g.
entecavir) that suppress the virus while the patient remains on treatment but do not eliminate the
mfection, even after many years of treatment. Once a patient starts taking nucleotide analogs
most must continne taking them or risk the possibility of a life threatening mnmune response ©
virgl rebound. Further, antiviral nucleoside therapy may lead to the emergence of antiviral drug
resistance.

[0605] The only FDA approved altemnative to antiviral nucleoside/nucleotide analogs is
treatment with interferon o or pegylated mterferon «. Unfortunately, the adverse event incidence
and profile of interferon-nt can vesult in poor tolerability, and many patients are unable 1o
complete therapy. Moreover, only a small percentage of patients are considered appropriate for
mterferon therapy. as only a small subset of patients who present with low viral loads and

transarminitis greater than 2x the upper Hmat of normal are likely to have a sustained chinieal
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response to a year-long course of inferferon therapy. As a result, interferon-based therapies are
used in only a small percentage of all diagnosed patients whe elect for treatment.

{0006} Thus, curvent HBV treatments can range from palliative to benign neglect.
Nugcleoside analogs suppress virus production, treating the symptom, but leave the infection
mtact. Interferon o has severe side effects and less tolerability among patients and is successful
as a finite treatment strategy in only a small minority of patients. There is a clear on-going need
for more effective treatments for HBY infections.

SUMMARY

00071 The present disclosure is directed in part o 2 4-diaminopyvrimidine compounds
having activity against hepatitis B virns, for example, by affeciimg assembly of viral capsid
proteins. For example, disclosed compounds may be considered UpAMs——core protetn allosteric
modifiers—which can lead to defective viral capsid assembly. Without being bound by any
theory, such CpAMs may affeet steps “upstream” of capsid assembly by aliering the
concentrations of Cp (core protein) available as dimers as compared to capsid or other
muliimeric forms. Disclosed compounds or CpAMs may noticeably affect functions upstream of
viral assembly, such as interfering with cocDNA transcription, RNA stability and/or protein-
protein interactions.

0008} in ope aspect, the present mvention provides a pharmaceutical composition

comprising: {1} a compound of Formula 1 having the structure:

¢ NN
{ ey e/ N O
(R Tq ( N;).—N N-8-X
N6 ) / §
R} ¢

Formula 1

or a pharmaceutically acceptable salt or sterevisomer thereof, wherein:

\ &3 h { R
3 S ”?a\i.R;;\z §\ y (_\,;,;\ Ir
. . . . . LR {
X is selected from the group consisting of P and e/ N

qis0, 1,2, 3014,
pis 0, 1.2, 3, ord;
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vis(, 1,2, 3, ord;

R is independently for each ocecurrence selected from the group consisting of -H, (-
Cealkyl, -Ci-Caalkony, -Ci-Cualkyl-0-C-Calkyl, halogen, cyano, -OH, -C{MH, -COR’, -
CIOMN(RHR™), -C{OXC1-Cealkyl, -NR'UR"), -NO,, -NRY(OW-Cealkyl, -S{OW-C)-
Cealkyl, -NRIS{O)-Cr-Coallkeyl, and -S{O).~-NRHR")

wis 0, Lor2:

R’ 1s independently for each occurrence selected from the growp consisting of ~H and -Cy-
Cralkyl;

R™ 15 independently for each occwrrence selected from the group consisting of -H and -
Ui-Cealkyl; or R and R” are taken together with the nitrogen atom to which they are attached
to form a 4-7 membered heterocyehic ring;

R is independently for each eccurrence selected from the group consisting of -, -C-
Cealkyl, ~Ci-Cealkoxy, ~C-Cealkyl-0-C-Cralkyl, halogen, cyane, ~OH, ~-C(OMH, -CO:R’, -
CIOMNRHR"™Y, -CONC-Cealkyl, -NRYR™, -NO;, -NRY(OY-Cealkyl, ~S{O)-Ci-
Coalkyl, -N{RISIOW-C-Cralkyl, and -S{O)~N{R HR "), and

R is selected from the group consisting of -H and ~C;-Cealkyl;

wherein C-Cealkyl or C3-Cialkoxy may be independently for cach occurrence optionally
sabstituted with one, two, or three halogens; and
(i1) a pharmaceutically acceptable excipient.

{0609] In another aspect, the present disclosure provides a wmethod of treating
ameliorating, preventing, or substantially delaying a hepatitis B viral infection in an individual,
the method comprising administering to the individual a pharmaceutical composition disclosed
heremn.

{0010} In another aspect, the present disclosure relates to nse of a compound of Fornwla
i, Formula 1-A, or Formala 1-B in the manvfactre of a medicament for the treatment of a

hepatitis B viral infection.

DETAILED DESCRIPTION

Befinttions
o011 The features and other details of the disclosure will now be more particularly

described.  Before further description of the present invention, certamn terms emploved m the

L
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specification, examples and appended claims are collected here. These definitions should be
read i hight of the remainder of the disclosure and onderstood as by a person of skill m the art.
Unless defined otherwise, all technical and scientific terms used herein have the same meaning
as commonly understood by a person of ordinary skill in the art,

[0 12} As intended herein, the terms 3”7 and “an” include singular as well as plural
references unless the context clearly dictates otherwise. For example, the term “an assembly
effector™ can include one or more such effeciors.

0013} “Treating” includes any effect, e, lessening, reducing, medulating, or
ehiminating, that resalts in the improvement of the condition, disease, disorder and the bike.
[0014] The term “alkenyl™ as used herein refers 1o an unsatrated straight or branched
hydrocarbon having at teast one carbon-~-carbon double bond, such as a straight or branched group
of 2-6 or 3-4 carbon atoms, referred to heremn for example as Cp-Cy alkenyl, and C3-Cy alkenyl,
respectively.  Exenplary alkenyl groups include, but are not himited to, vinyl allvl, butenvl,
pentenyl, etc.

{0015} The term “alkoxy” as used herem refers to a straiglt or branched alkyl group
attached to an oxveen {(allkyl-0-). Exemplary alkoxy groups mclude, but are not hmited to,
groups with an alkyvl group of 1-6 or 2-6 carbon atoms, referred to heremn as C-Cy alkoxy, and
Ca-Cy alkoxy, vespectively. Exemplary alkoxy groups nclude, but are not limited to methoxy,
ethoxy, isopropoxy. ete.

{0016} The term “alkyl” as used herein refers to a saturated straight or branched
hydrocarbon, such as a straight or branched group of 1-6, -4, or 1.3 carbon atoms, referred to
herem as Cy-Cy alkyl, C-Cy alkyl, and C;-Cy alkyl, respectively. Exemplary alkyl groups
include, but are not hmted to, methyl, ethyl, propvl, isopropyl, Z-methyd-1-propyl, 2-methyl-2-
propyl, 2-methyl-1-butyl, 3-methyi-1-butyl, 3-methyl-2-butyvl, 2 2-dimethyl-1-propyl, 2-methyl-
f-pentyl, 3-methyil-1-pentyl. d-methyl-1-pentyl, 2-methyl-2-pentyl, 3-methyi-2-pentyl, 4-methyl-
2-pentyl, 2. 2-dimethyl-1-butyl, 33-dimethyl-1-butyl, 2-ethyl-1-butyl, butyl, isobutyl, t-butyl,
pentyl, isopentyl, neopentyl, hexyi, ete.

{00173 The tenm “alkyoyl” as used herain refers o an unsaturated straight or branched
hvdrocarbon having at least one carbon-carbon triple bond, such as a straight or branched group

of 2-6, or 3-6 carbon atoms, referred to hevein as $-Cy alkvayt and C3-Cy alkynyl, respectively.
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Exemplary alkvoyl groups include, but are not hmited to, ethynvl, propvnvl, butyayl, peatyayl,
hexynyvl, methvipropynyl, etc.

j0018] The term “cycloatkoxy™ as used herein vefers to a cycloalkyl group attached to an
oxveen {oycloalkyl-0-).

0619} The term “cvcloalkyl™ as used berein refers to a monocyelic saturated or partially
unsaturated hyvdrocarbon group of, for example 3-6, or 4-6 carbons, referred to heremn, e.g., ax
CCg eycloalkyt or Co-Cy oveloalkyl, Exemplary cycloatkyl groups include, but are not himited

to, cyclohexane, cyclohexene, cvelopentane, cyclobutane or, cvclopropane.

{00204 The terms “halo™ or “halogen™ as used heretn veferto P, CL By, or L
{0021} The terms “hydroxy” and “hydrexyl™ as used herein refers to the radical -OH.
{00221 “Pharmaceutically or pharmacologically accepiable” include molecular entities

and compositions that do not produce an adverse, allergic or other untoward reaction when
administered to an antmal, or g human, as appropriate.  For human administration, preparations
shoeld meet sterility, pyrogenicity, general safety, and purty standards as required by FDA
Office of Biologics standards.

0023} The term “pharmaceutically acceptable carvier™ or “pharmaceatically acceptable
excipient” as used herein refers to any and all solvents, dispersion media, coatings, isotonic and
absorption delaving agents, and the like, that are compatible with pharmaceutical administration.
The use of such media and agents for pharmaceutically active substances is well known i the
art.  The compositions may also contain other achive compounds providing supplemental,
additional, or enhanced therapeutic functions.

0024} The tenn “pharmacentical composition”™ as used herein refers t© a composition
comprising at least one compound az disclosed herein formulated together with one or more
pharmaceutically acceptable carriers.

[0025] “Individual,” “patient,” or “subject” are used mterchangeably and include any
animal, including mammals, preferably miice, rats, other rodents, rabbits, dogs. cats, swine,
cattle, sheep, horses, or priruates, and most preferably humass., The compounds of the mvention
can be admuisterad to a mammal, such as a human, but can also be admuusterad to other
mammals such as an anunal in need of vetermary treatment, ey, domestic animals (e.g., dogs,
cats, and the bike), farm animals (e.g, cows, sheep, pigs, horses, and the like) and laboratory

animals (e, rats, nuce, guinea pigs, and the hike). The mammal treated in the methods of the

(w4
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mvention is desirably a mammal in which treatment of hepatitis B s destred.  “Modulation™
mncludes anfagonism (e.g., mhibition), agonism, partial antagorysm and/or partial agonism.

[0026] In the present disclosure, the term “therapentically effective amount” means the
amount of the subject compound that will elicit the biological or medical response of a tissue,
system, antmal or human that is being sought by the researcher, veterinarian, medical doctor or
other chnician. The compounds of the invention are administered in therapeutically effective
amounts to treat a disease.

00274 The term “pharmaceutically acceptable sali{s)” as used herem refers to salix of
acidic or basic groups that may be present in compounds used in the present composiions.
Compounds included in the present compositions that are basic in nature are capable of forming
a wide variety of salts with various inorganic and organic acids. The acids that may be used to
prepare pharmaceutically acceptable acid addition salts of such basic compounds are those that
form non-toxic acid addition salts, i.e., salts containing pharmacologically acceptable anions,
inchidmg but not limited to malate, oxalate, chlonde, bromide, 1odide, nitrate, sulfate, bisulfate,
phosphate, acid phosphate, isonicotingte, acetate, laciate, salicvlate, citrate, tartrate, oleate,
tannate, pantothenate, bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate, ghiconate,

ghwaronate, saccharate, formate, benzoate, glutamate, methanesulfonate, ethanesulfonate,

benzenesulfonate, p-toluenesulfonate and pamoate (e, 1,"-methylene-bis-(2-hydroxy-3-
naphthoate)} salts. Compounds included in the present compositions that are acidic in nature are
capable of forming base salts with various pharmacologically acceptable cations. Examples of
such salts yaclode alkall metal or alkaline carth metal salts and, particalarly, calciom,
magnesium, sedivny, hithium, zing, potassiom, and won salts. Compounds included in the present
compositions that include a basie or acdic moiety may also form pharmaceutically acceptable
salts with various amino acids. The compounds of the disclosure may contain both acidic and
basic groups; for example, one amino and one carboxylic actd group. In such a case, the
componnd can exist as an acid addition salt, a zwitterion, or a base salt.

{0028} The compounds of the disclosure may comtain one or more chiral centers andior
double bonds and, therefore, exist as sterepisomers, such as geometric isomers, enantiomers of
diastereomers.  The term “stereoisomers” when used herein consist of all geometnic isomers,
enantiomers or diastereomers. These compownds may be designated by the symbols "R” or “8.7

depending on the configuration of substituents aronnd the stereogenic carbon atom. The present
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mvention encompasses various sterecisomers of these compounds and mixtures thereof
Sterecisomers mclude enantiomers and diastereomers. Mixtares of enantiomers or diastereomers
may be designated “{=}" in nomenclature, but the skilled artisan will recognize that a structure
may denote a chiral center implicitly.

{00291 The compounds of the disclosure may contain one or more chiral centers and/or
double bonds and, therefore, exist as geometric isomers, enantiomers or diastercomers.  The
enantiomer and diastereomers may be designated by the symbols “{(+),” “(-).7 "R” or “§87
depending on the configuration of substituents around the stereogenic carbon atom, but the
skilled artisan will recognize that a strocture may denote a chiral center implicitly.  Geometric
isomers, resulting from the arrangement of substituents around a carbon-carbon double bond or
arrangement of substitvents around a cycloalkyl or heterocyelic ring, can also exist in the
compounds of the present invention. The symbol === denotes a bond that may be a single,
double or triple bond as described herein. Substituents around a carbon-carbon double bond are
designated as being in the *Z27 or “£7 configuration wherein the terms “77 and “F7 are used in
accordance with IUPAC standards.  Unless otherwise specified, structures depicting double
bonds encompass both the “£™ and “77 1somers.  Substituents around a carbon-carbon double

£

bond alternatively can be referred to as “cis”™ or “wans,” where “ois” represents substituents on
the same side of the double bond and “trans™ represents substituents on opposite sides of the
double bond. The arrangement of substituents around a carbocyclic ring can also be designated
as “ois” or “trans.”” The tenm “cis” represenis substituents on the same side of the plane of the
ring and the term “trans” represents substituents oo opposite sides of the plane of the ring
Mixtures of compounds wherein the substituents are disposed on both the same and opposite
sides of plane of the ring ave designated “cisftrans.”

{0630} The term “sterecisomers” when used herein consist of all geometric isomers,
enantiomers or dstercomers.  The present invention encompasses various stereoisomers of
these compounds and mixtures thereof.

{0031} individual enantiomers and diasteriomers of compounds of the present invention
can be prepared symthetically from comumercially available starting materials that contain
asyimumetric or stereogenic centers, or by preparation of racemic mixtures followed by resolution
methods well known o those of ordinary skill in the art.  These methods of resolution are

exemplified by (1) attachment of & mixmure of enantiomers to a chiral anxiliary, separation of the



WO 2015/057945 PCT/US2014/060869

resulting mixture of diasteriomers by recrystallization or chromatography and liberation of the
optically pure product from the auxiliary, (2} salt formation employing an optically active
resolving agent, (3) divect separation of the mixture of optical enantiomers on chiral liquid
chromatographic columns or (4} kinetic resolution using stereoselective chemical or enzymatic
reagents. Racemic mixtures can also be resolved into thelr component enantiomers by well
known methods, such as chiral-phase gas chromatography or crvstallizing the compound in a
chiral solvent. Stereoselective syntheses, a chemical or enzymatic reaction m which a single
reactant forms an unequal mixture of stereoisomers during the creation of a new stereocenter or
during the transformation of a pre-existing one, are well known i the ant.  Stereoselective
syntheses encompass both enantio- and diastereoselective transformations. For examples, see
Carreira and Kvaemo, Classios i Stereoselective Syathesiy, Wiley-VCH: Weinheim, 2009,
j08321 The compounds disclosed herein can exist m solvated as well as unsolvated forms
with pharmaceutically accepiable solvents such as water, ethanol, and the like, and it 18 intended
that the mvention embrace both solvated and unselvated forms.  In one embodiment, the
compound is amorphous, In one embodiment, the compoeund is a polymorph.  In another
embodiment, the compound is in a crystaliine form.

00331 The invention also embraces isotopicaliv-labeled compounds of the invention
which are identical to those recited herein, except that one or more atoms are replaced by an
atom having an atomic mass or mass number different from the atomic mass or mass number
usually found mn nature. Examples of isotopes that can be incorporated into compounds of the
mvention include 1sotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus, fluorme and
chlorine, such as “H, H, V¢, B¢, BN, P00, 70, e, ¥p, B8, BE . and 01, respectively.  For
example, a compound of the invention may have one or more H atom replaced with deuterium.
{0034] Certain isotopically-labeled disclosed compounds {e.g., those labeled with *H and
M’C} are nsefd in compound andior substrate tissue distribution assays. Tritiated (e, ;Iﬁi} and
carbon-14 (e, MC) isotopes are particularly preferred for their ease of preparation and
detectability. Further, substitution with heavier isotopes such as deuterium (Z.e., “H) may afford
certain therapentic advantages resulting from greater metabolic stability {e.g., incraased & vivo
halt-life or reduced dosage requirements) and hence may be preforred 1 some circumstances.

Isotopically labeled compounds of the invention can generally be prepared by following
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procedures analogous to those disclosed m the e.g, Examples herein by substituting an
isotopically labeled reagent for a non-isotopically labeled reagent.

[0035] The term “prodrug” refers to compounds that are transformed in vive to vield a
disclosed compound or a pharmacentically acceptable salt, hvdrate or solvate of the compound.
The tansformation may occur by various mechanisms (such as by esterase, amidase,
phosphatase, oxidative andfor reductive metabolism) in vanous locations {such as in the
mtestinal {umen or upon transit of the miestine, blood or hiver). Prodrugs are well known in the
art (for example, see Rautio, Kumpulainen, ef of, Natre Reviews Drug Discovery 2008, 7, 255).
For example, tf a compound of the invention or a pharmaceutically acceptable salt, hydrate or
sobvate of the compound contains a carboxylic acid fimctional group, a prodrug can comprise an
ester formed by the replacement of the hydrogen atom of the acid group, for example with a
aroup such as {C-Cylalkyl, {Co-Cinlalkanovioxymethvl, 1-{alkanovioxyiethyt having from 4 t0 9
carbon  atoms, l-methyl-1-(alkanoyloxyviethyl having from 3 to 10 carbon atoms,
alkoxyearbonvloxymethyl having from 3 to 6 carbon atoms, 1-{alkoxycarbonyloxy)jethyl having
from 4 to 7 carbon atoms, I-methvl-1-{alkoxvearbonvloxyethyl having from 5 to 8§ carbon
atoms,  N-{alkoxycarbonvDamimomethyl  having  from 3 o 9 carbon  atoms,
I~+(N-{alkoxycarbonvhaminolethyl having from 4 to 10 cawbon atoms, 3-phthahidyl,
4-crotonolactonyl, gamma-botyrolacton-d-vl, di-NVNA{Ci-Cyatkviamino{Cy-Calalky! {sach as -
dimethylaminoethyl), carbamovi-{(C-Calalkyl, N A-d{C)-Cojalkylcarbamoyi-(Ci-Chiatkyl and
piperidino~, pyrrolidine- or morpholino(Cy-Cilalkyl.

{00361 Simtlarly, if a compound of the mvention contains an alcohol functional group, a
prodrug can be formed by the replacement of the hydrogen atom of the alcobol grovp with a
group such  as,  for  example, (Ci-Cgalkanovioaymethyl, 1-{{Cigslatkanovioxyiethyl,
F-methyl-1-({C-Cslalkanovioxylethyl {C-Cslalkoxyearbonyloxymethyl,
NAC-Colalkoxyearbonylammomethyl, succimoyl, (Ci-Gelalkanoyl, o-amino(C-Cylalkanoyl,
arylacyl and o-mmnoacyl, or g-aminoacvi-o-aminoacyl, wherein each o-aminoacyl group is
mdependently  selected  from  the  naturally  occurrtng L-amune  aads;  or
PEOWOH ), -PIONOIC-Clalkylla, or glyeosyl {the radical resulting from the removal of a
hvdroxyl group of the henvacetal form of g carbohydrate).

00371 If a compound of the invention Incorporates an amine functional group, a prodrug

can be formed, for example, by creation of an amde or carbamate, an N-aovioxvakyl derivative,

9
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an {oxodioxolenylimethyl derivative, an N-Mannich base, mine or enamine. In addition, a
secondary amione can be metabolically cleaved 10 generate a bioactive primary amine, or a
tertiary amine can metabolically cleaved to generate a bicactive prumary or secondary amine. For
examples, see Simphicio, ef &, Molecrdes 2008, 13, 519 and references therein.

0038} The present invention is based in part on the discovery of that certain classes of
compounds such as those described herein may activate assembly of the viral capsid independent
of the normal nucleating signals, e.g. act as core protein allosteric modulators having an effect
against HBV. For example, disclosed compounds may activate assembly of the viral capsid
independent of the normal nucleating signals.

[0039] Hepatitis B virus, for example, consists of an envelope, a nucleocapsid core, viral
DNA, and reverse transcriptase (RT), Infection starts when the virus emers the host. The viral
core enclosing the viral DNA and the RT are then transferred to cvtoplasm of the host and to the
host’s nucleus, a process m which the circular and partislly double stranded viral DNA s
released from the viral core.

{0040} Inside the nucleus, the viral DNA is converted into a covalently-closed circular
DNA (cecDNA), which codes for a pregenomic RNA {pg RNA) and other mRNAs. The
pregenontic RNA, exported to the cvioplasm, codes for core protein and the reverse
transcriptase.  Encapsidation of the pregenomic RNA and the reverse transcriptase by core
protein results in the formation of immature HBY cores which maturate as the pregenomic RNA
1s reverse transcribed to the circular and partially double stranded DNA, completing the cycle.
{0041} Central to HBV infection 1s the assembly of the viral core. The capsid uselts a
complex of 120 copies of core protein homodimers that spontancously self-assemble.  In the
presence of assembly effectors {AE) capsid assembly beging with an CpAM=Cp {Assembly
effectorsCore protein} complex instead of waiting for the biological RTepgRNA nucleating
complex; the resulting capsid is thus defective.  CpAMs can leverage consumption of a few
molecules ngeded for nucleation {0 consume for example up to 117 Cp dimers. To nucleate
asserably, i some embodiments, CpAMs may have one or both of activities such as substantially
nteracting with or e.g., binding to Cp dimers, activating assembly, andfor substantially binding

or interacting with capsids at e.g., a higher affinity as compared to binding to the Cp dimer.

18
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[0042] Core proteins also have roles upsiream of capsid assembly and are associated with
nuclear cccDNA and affect their stability and {ranseription; they are 1ovolved in export of the
pregenomic RNA from the nucleus.

{0043} For example, the compounds provided herein may affect vires assembly by
mteracting with core protein dimers as well as capsids, andor may affect core protemn activity
upstream of capsid assembly. Defective assembly can immediately suppress vinus production.
Suppressed Cp activity upsiream of assembly can also wterfere with activities of the viras
required for stabihity of the infection ttself. For example, provided compounds may successfully
treat HBV with a finite cowrse of therapy (as opposed to the potentially life-long therapy
necessary with current antivital nucleosides/nucleotides), e.g such finite therapy would result
from a loss of new viral proteins and mRNA resuliing from epigenetic modification of the viral
cceDNA, as well as a reduction in new mfectious virions. In other words, disclosed compounds
may activate viral capsid assembly independent of the normal nucleating signals leading to
defective assembly: capsid assembly begimg with an ABE«Cp complex instead of waiting for the
biological RT+peRNA nucleating complex; the resulting capsid or aberrant complex, ¢.¢., cannot
support production of a new virion. In some embodiments, disclosed compounds may leverage
consumption of a few molecules needed for nucleation to consume up to 120 Cp dimers.
Without being bound by theory, disclosed compounds may, for example, alter the concentration
of Cp {core protein), likelv required for activities upstream of capsid assembly. Suppressing Cp
activity opstream of assermnbly interferes with the Cp interactions with the wiral reservon
{eccINAY. This may lead 1o clearance of the mfection by reduction of viral protems and
ceeDNA activity,

[0044] The disclosure provides, 10 an embodiment, compounds of Formula 1 below, and

a pharmaceutical composition comprising: (1) a compound of Formula 1 having the structure:

—\
Vo N\H

i 4 — N O
{Rj:z ( =N NeBeX

N8

R-J
Formula §

or a pharmacentically acceptable salt, sterecisomer or prodrug thereof, wherein:

11
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SN S =
E < ! @y
—--—( .»', 1\1\ :,>——-:\} R j;‘

X is selected from the group consisting of !p and _g

qis0, 1,2, 3ord;

pis0, 1,2, 3, ord;

risQ, 1,2 3 ord;

R is independently for each occurrence selected from the group consisting of -H, -Cy-
Cealkyl, -C-Cealkoxy, ~C-Cealkvl-O-Cy-Cealkvl, balogen, cvano, -OH, -C{OHH, ~COR', -
CHOMMN(RURY), ~COYC-Caallovl, ~NRHMR™, -NOQj, NRICINC-Caalkyd, -S(03~Cy-
Coaltkyl, -N(RYS(O - Cr-Coalkyl, and -S{OR-NRHR"Y;

win0, lor:

R’ is independently for each occurrence selected from the group consisting of -H and -Cy-
Cealkyl;

R” 15 independently for each occurrence selected from the group consisting of -H and -
C-Cealkyl; or R"and R™ are taken together with the nitrogen atom to which they are attached
to form a 4-7 membered heterocvelic ring;

R* is independently for each occnrrence selected from the group consisting of -H, -Ci-
Cealkyl, -C-Cealkoxy, ~C-Cealkvl-O-Ci-Caalkyl, halogen, cvano, -OH, -C{(HH, ~CO:R’, ~
CIOINIRMR™), -CLOXC-Cralkyl, -NR'HR™, -NO2. -NRICOWC-Caalkyl, -S{0)-C-
Cgallovl, ~“N{RIS{O 1~ C-Coalkyl, and -S(O}-NIR YR, and

R is selected from the group consisting of -H and -C-Cealkyl;

wherein C-Cralkyl or Ci-Cgalkoxy may be independently for each occuwrrence optionally
substituted with one, two, or three halogens; and

{11} a pharmaceutically acceprable excipient.

[0045] In certain embodiments, pis 1 or 2.
{0046} In certain embodiments, the compound of Formula 1 is represented by Formulg 1-
A

DNNH g\z'ﬁ 1322
9 =

Formula 1-4;

12
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or a pharmaceutically acceptable salt or sterecisomer thersof, wheremn:

R is independently for each ocecurrence selected from the group consisting of -H, (-
Cealkyl, -Ci-Caalkony, -Ci-Cualkyl-0-C-Calkyl, halogen, cyano, -OH, -C{MH, -COR’, -
CIOMN(RHR™), -C{OXC1-Cealkyl, -NR'UR"), -NO,, -NRY(OW-Cealkyl, -S{OW-C)-
Cealkyl, -NRIS{O)-Cr-Coallkeyl, and -S{O).~-NRHR")

R is independently for each ocawrence selected from the group consisting of -H and
halogen;

R™ is mdependently for each occurrence selected from the gronp consisting of -H, (-
Cealkyl, ~Ci-Cralkoxy, ~C-Coalkyl-O-Ci-Cealkyl, halogen, cyane, -OH, -C(OMH, -COR’, -
CONERMR™, -COW-Cealkyl, -NRYR™, -NO;, -NRHYHO)C,-Chalkyl, -S(0)e-Cs-
Cealkyl, ~-N{RIS{O)~C1-Cralkyl, and ~S{O)-NR KR}

R™ is independently for each occurrence selected from the group consisting of -H, -C-
Cealkyl, ~Ci-Cealkoxy, ~C-Cealkyl-0-C-Cralkyl, halogen, cyane, ~OH, ~-C(OMH, -CO:R’, -
CIOMNRHR"™Y, -CONC-Cealkyl, -NRYR™, -NO;, -NRY(OY-Cealkyl, ~S{O)-Ci-
Coalkyd, -N{RISIOW-Ci-Craltkvl, and -S{O)-N{R{R"}; and

R™ is independently for each occurrence selected from the group cousisting of -H and
halogen;

R* 45 independently for each occurrence selected from the group consisting of -H, -C -
Cralkyl, -C-Cealkoxy, ~C1-Coalkyl-O-Ci-Chalkyl, halogen, evanoe, ~-OH, -C{OMH, -COR’, -
CLOMNRIRT), CIOYC-Caalkyl, -NRHR), ~NOz SNRYWAOWC-Cralkyl, -S{0)-Cor
Cralkyl, -N(RIS(O)C-Cralkyl, and ~S{O ) N{RHR™Y;

wis 0 1or2;

qis®t 1,2, 3or4d;

R’ 1s independently for each occaurrence selected from the proup consisting of -H and -Cs-
Cealkyl:

R* 15 independently for each occwrrence selected from the group consisting of -H and -
Ci-Cealkyl; or R"and R™ are taken together with the nitrogen atom to which they are attached
o form a 4-7 membered heterocyclic ting;

R’ is selected from the gronp consisting of -H and -Cy-Catkyl:

wherein Cy-Cealkyvl or C-Cealkoxy may be independently for each occurrence optionally

substituted with one, two, or three halogens;
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wherein C-Cealkyl or C;-Caalkoxy may be independently for each occurrence optionally

substituted with one, two, or three halogens.
00471 tn certain embodiments, R andfor R™ is -HL
{0048} In certain embodiments, R™ is selected from the group consisting of H, -Cy-
Ceatkyl, -Cy-Cralkoxy, -Ci-Csalkyl-O-Ci-Cealkyl, halogen, covano, -OH, -C{OH, -COR', -
CIOM{RNMR"Y, -COY0-Cratkyl, -N{RHR"), -NOy, -N{RHWHOWC-Cralkyl, -S{O)-C-Coatkyl,
SN{RIS(O)Ci-Cratkovl, and ~S{O)~-NRWR’
00494 in certain embodiments. R™ is mdependenﬂ for pach cccurrence selected from
the group consisting of -H, ~C-Cralkyl, ~C-Cealkoxy, and halogen.
{0030} In certain embodiments, R is selocted from the group consisting of H, -Cy-
Cealkyl, ~Cy-Cealkoxy, ~C-Caalkyl-O-Ci-Cralkyl, halogen, cvano, ~OH, -C(O, -CORY, -
COMNRHURY, -CIOIC-Ceatkyl, ~N{RWUR"Y, -NO,, -NRWCOW-Cealkyl, -S{O0~C-Cealkyl,
NRYS{O)-Ci-Ualkyd, and -S{O)-NRHR™.
[0051] In certain embodiments, R* is independently for each occurrence selected from
the group consisting of -H, -C-Caalkyl, -Ci-Coalkoxy, and halogen.
{00521 tn certain embodiments, R™ is selected from the group consisting of -H, -Cy-
Cealkyl, -Ci-Cralkoxy, halogen, cvano, -COWR', -NRW(OW-Cealkyl, -CHONRHR™,
COYC-Cralkyl, and SN(RHMR™).
{0053 In certain embodiments, R’ is selected independently for each occurrence from

the group consisting of -H, «Cj-Cealkl, -C~Ceatkoxy, halogen, cyano, and ~OH.

00541 in certain embodiments, gis 1 or 2.
[0055] In certain embodiments, the compound of Formula 1 1s represented by Formula 1-
B

R1@ NH o RE‘ R
/X\_ r{’?ﬁN\MJN i /\,-«WRZJ
R:-i 33
Formula {-B
or a pharmaceutically acceptable sali or slercoisomer thereof, wherein R' is selected from the
group copsisting of ~H, -CHs, <-CH:CHa, -CFs, -F, (4, ~Br, cvano, -OQCH;, and -OCFy;

R is selected from the gronp consisting of -H, -CHx, -F, and ~OCH;: and

14
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R* is selected from the group consisting of -H, -CHa, -CHCH;, -CH2OHCHyCH,, <CFy,
FCL O ~OH, ~OCH;, ~OCHCH:, -OC(CHz), -OCHCHOHCH;, -NHi SNHCH,, -
NHC(O)CH;, -NHC{OCF;, -OCHF;, and -OCF, with other R subsitituents as above.

{0056} In certain enabodiments, R of Formula 1, 1-A or 1-B is selected from the group
consisting of ~CHj, -CH{CHa ), -CH2CHACHy, -CFy, and -C{CH)

{0057} In ceriain embodimenis, R® of Formula 1, 1-A or 1-B is selected from the group
consisting of ~H, ~CHy, ~CHCH;, -CFy, -F.-Cl <Br, «ON,| -OCH;, and -OCFa.

0058 in another aspect, the present disclosure provides a method of treating
ameliorating, preventing, or substantially delayving a hepatitis B viral mfection in an mdividual,
the method comprising administering to the individual @ compound or a pharmaceutical
composition disclosed herein.

j08591 in another aspect, the present disclosure relates to use of a compound of Formula
i, Formula 1-A, or Formla 1-B i the manufacture of a medicament for the weatment of a

hepatitis B viral infection.

LA Disclosed compounds may be prepared by methods known in the art. A disclosed
compound may be preparing using a method comprising providing 2 4-dichloro-6-substituted
pyriniidine and a8 R-substituted antline group together in an orgamic solvent (wheremn R may be
sefected from R’ above), and then contacting a resultant compound with Z {e.g. piperazine or 4-

amuno antline group).

0061} Thereafter, an optionally substituted sulfonyl benzene group is added. In a further
aspect, a method for treating HBV infection {e.g. an acute or chronic HBV wifection) in a patient
in need thereof is provided. The method includes administering 1o a patient a pharmaceutical

composition comprising a therapentically effective amount of a disclosed compound.

0062} For ase in accordance with this aspect, the appropriate dosage is expected o vary
depending on, for example, the particular compound emploved, the meode of administration, and
the nature and severity of the infection to be treated as well gs the specific infection to be treated
and 15 within the purview of the treating physician.  Usually, an indicated admimistration dose
mayv be i the range between about 0.1 to about 15 mpiky body weight. In some cases, the
admingsiration dose of the compound may be less than 10 mg'kg body weight. In other cases,

the administration dos¢ may be less than 5 mgkg body weight.  In vet other cases, the

15
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administration dose may be in the range between about 0.1 to about 1 myg/'kg body weight. The
dose may be conveniently administered once daily, or in divided doses up to, for example, fow

times a day or in sustained release form.

0063} A compound or composition may be adnunistered by any conventional route, in
particudar enterally, topically, orally, nasally, e.g in the form of tablets or capsules, via
suppositories, or parenterally, eg. in the formy of injectable selutions or suspensions, for
mtravenous, infra~-mmscular, sub-cutaneous, or inra-peritoneal imjection. Suttable formulations
and pharmaceutical compositions will mclude those formulated m a conventional manner using
one or more physiclogically acceptable carniers or excipients, and any of those known and
commercially available and currently emploved m the clinical setting.  Thas, the compounds
may be formulated for oral, buccal, topical, parenteral, rectal or transdermal administration or m

a form suttable for administration by inhalation or insufflation (either orally or nasally).

0064} For oral administration, pharmaceutical compositions may take the form of, for
example, tablets or capsules prepared by conventional means with pharmaceutically accepiable
exciptents such as binding agents {e.g pregelatinized maize starch, polvvinyvipyrrolidone or
hydroxypropyl methyleellulose), fillers (e.g. lactose, microcrystalline cellulose or calocium
hydrogen phosphate); lubricants (e g magnesium stearate, wle or silica); dismtegrants {e.g
potato starch or sodium starch glveollate); or wetting agents (e.g. sodium lauryl sulfate). Tablets
may be coated by methods well known in the art.  Liquid preparations for oral admimstration
may take the form of, for example, solutions, syrups or suspensions, or they may be presented as
a drv product for constitution with water or other suitable vehicle before use. Such liquid
preparations may be prepared by conventional means with pharmaceutically acceptable additives
such as suspending agents (e.g. sorbitol syrap, cellulose derivatives or hydrogenated edible fats);
emulsifying agenis {e.g lecithin or acacia); non-aqueous vehicles {e.g. almond oil, oily esters,
ethyl alcohol or fractionated vegetable oils); and preservatives {e.g. methyl or propylp-
hydroxybenzoates or sorbic acid). Preparations may also contain buffer salis, flavonng, colonng

and sweetaning agents as appropriate.

j0065] Preparations for oral administration may alse be suitably formulated to give

controlled-release or sustained release of the active compound(s) over an extended perrod. For

16
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buccal administration the compositions may take the form of tablets or lozenges formulated i a

conventional manner known to the skilled artisan.

00661 A compound may also be formulated for parenteral admunistration by injection
e.g. by bolus injection or contimuous infusion.  Formulations for injection may be presented in
umt dosage form e g in amponles or in multi-dose containers, with an added preservative. The
compositions may take such forms as suspensions, solutions or emulsions n oily or aqueous
vehicles, and may contain additives such as suspending, stabilizing and/or dispersing agents.
Alternatively, the compound may be in powder form for constitution with a suitable vehicle, e.g
sterile pyrogen-free water, before use.  Compounds may also be formulated for rectal
administration as suppositories of retention enemas, e.g. containing conventional suppository

bases such as cocoa butter or other glycendes.

{0067} In some cases, disclosed compounds may be administered as pant of a
combination therapy in conmjunction with one or more antivirals. Exemplary antivirals mchude
nucleoside  analogs, interferon o, and other assembly effectors, for instance
heterparyldihydropynmidines (HAPs) such as methyl 4-(2-chloro-4-fluorophenyl)-G-methyl-2~
{pyridin-2-yl)-1 4-dihydropyrimiding-S-carboxylate.  This may inveolve administering to a
subject a first amount of a disclosed compound in combination with a second amount of an
antiviral, wherein the first and second amounts together comprise a pharmaceutically effective
amount. The first amount, the second amount, or both may be the same, more, or less than
effective amounts of each compound administered as monotherapies. Therapeutically effective
amounts of disclosed compound and antiviral may be co-administered to the subject, ie,
admimstered to the subject simalianeously or separately, in any given order and by the same or
different routes of admimstration.  In some instances, it may be advamtageous to mifiate
admirgstration of a disclosed compound or composition first, for example one or more days or
weeks prior to initiation of admumistiation of the antiviral. Moreover, additional drugs may be

given i conjunction with the above combination therapy.
EXAMPLES
Example 1 - Synthesis of Common Intermadiates 6 and 13

[0068] Svathesis of 6-methvi-2-(piperazin-1-y-A-{p-tolyDpyrimidin-d-amine (6) - a

Comnon Internediate:

po—
~ud
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{00691 Synthesis of 2-chloro~-6-methyl-N-{p-tolylipyrinmdim-4-amine (3}
RN o
AR N N
- JE\\f;I (}\‘ - sgj
3
00701 To a stirred solution of 2 4-dichloro-6-methylpyrimidine 1 (600 mg, 3.68 mmol)

i CHON {5 ml) under argon atmosphere were added p-tohuidine 2 (473 mg, 441 mmol) and
triethylamine {0.77 mL, 352 mumol} at RT; the mixture was warmed to 80 °C and stirred for 24
h. The reaction was monitored by TLC; after completion of the reaction, the volatiles were
removed f#1 vaono to obtain the crude product. The crude product was parified through silica gel
colunmn chrowatography using 10% ethyl acetate {E1OAcYhexanes to aftord compound 3 (300
mg, 35%) as an offewhite solid. TLC: 20% FtOA hexanes (R 0.4), "TH-NMR (DMSO-ds, 400
MHzp 6 9.76 (5, 1H)Y, 742 (d, /=80 Hz, 2H), 7.16 {d, ./ = 8.4 Hz 2H), 6.52 {5, 1H), 2.27 (5,
3HY, 225 {5, 3H)

0071} Synthesis of tert-butyl 4-(4-methyi-6-(p-tolylamine) pyrimidin-2-yl) piperazine-

{~carboxviate (8):

oy BOT
" R N P
[ ; i
:__VI;\Q:]”, N \AYA;_.\Q \r N \//
e "\,‘}-'.:‘; IL{X.{«-L'
5
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0072} To a stirred solution of compound 3 (200 mg, 0.85 mmol) i a-butano! (3 mL)
under argon atmosphere were added /eri-buty! piperazine-1-carboxylate 4 (238 mg, 1.28 mmeol)
and ¥ N-dilsopropylethyvlamine (DIPEA; 0.30 mi., 1.70 mmol) at RT; the mixture was heated to
100 °C and stirred for 16 h. The reaction was monttored by TLC: after completion of the
reaction, the volatiles were removed in vacue to obtain the crude product. The crude product
was purified through silica gel column chromatography using 20% EsQAc¢/ hexanes to afford
compound 8§ (220 mg. 67%) as an offvwhite solid. TLC: 20% FtOA/ hexanes (Ky 0.5); H-

NMR {DMSO-dg, 400 MHz): 6 900 (5, 1H), 745¢(d, /=84 Hz, 2H), 7.10 {d, /= 8.0 Hz, 2H)},

589 (s, 1H), 3.66 (1, /= 3.6 Hz, 4H), 331 (¢, =36 Hz 4H), 2.24 (5, 3H), 2.12 (5, 3H), 1.42 (5,
9H),
{0073} Synthesis of 6-methyl-2-(piperazin- -yl A-{r-tolvlipyrimidin-4-amine {6):;

TN N
J

0074 To a stirred solution of compound § (220 mg, 0.57 mmol) m CHxCh (3 mb)
under inert atmosphere was added trifluoreacetic acid (8.25 mi., 2.86 mmol) at 0 “C; the mixtwe
was warmed 1o 15 °C and stuved for 30 min. The reaction was monitored by TLC: after
completion of the reaction, the volatiles were removed /n vacua, The residue was newtralized
with saturated NaHCO: solution (30 mL) and extracted with EtOA¢ (2 x 30 mL}. The combined
organic extracts were dried over sodiom sulfate, filtered and concentrated in vacwo to atford
compound 6 (130 mg, 80%) as an off-white solid. TLC: 8% MeOH/ CH:CL (R 0.2); TH-NMR
{(DMSO-d;, 400 MHz): 5 898 (5, 1H), 745(d, J=84 Hz 2H), 7.09(d, ./ = § 4 Hz, 2H}, .87 (s,
PHY, 3.67 (1, = 5.2 He, 4HD, 2.81 {1, /= 4.8 Hz, 4H), 2.24 (s, 3}, 2.12 (s, 3H).

{0675} Synthesis of N-{4-fluorophenvl}-6-18opropyvl-2-(piperazin-1-yhpyrimidin-d-amine

{13} — a Common Intermediate;

19
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{0076} Synthesis of 2 4-dichloro-6-1sopropylpyrimidine {9

10077}

anhydrous tetrahydroturan (THF, 200 mL) were added isopropyl magnestum chloride 8 {2 M sol.

-

To a stived solution of 2.4, 6-trichloropyrimadine 7 (10 g, 54.49 mmol) in

m THF, 534.5 mL., 109.0 mmeol) and copper iodide (520 mg, 2.72 mumol) at -20 °C under argon

atmosphere; the mixture was stitred at 0 “C for 2 b, The reaction was monitored by TLC, after

completion of the reaction, the reaction mixtare was guenched with agueous saturated

ammonium chloride solution (150 mL) and extracted with EtOAc (2 % 150 mL). The combined
organic extracts were dried over sodium sulfate, filtered and concentrated in vacuo 1w obtan the

crade product. The crude product was purified through silica gel column chromatography using

2% EtOAC/ hexanes 1o afford compound 9 (6 g, 58%) as a colorless hqud. TLC: 7% EtOAc/

hexanes (K¢ 0.8); TH-NMR (CDCly, 400 MEz): § 7.16 (s, 1TH), 3.042.97 (m, 1H), 1.31 (&, J =

6.8 Hz, 6H).
{0078

Synthesis of 2~chloro-N-{4-fluorophenyi)-O-isopropyipyrimudin-d-anune (11}
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{06791 To a stirred solution of compound 9 (4.5 g, 23.36 mmol) in ethanol {50 mL) were
added 4-fluorcaniline 10 {2.01 g, 23.56 mmol) and wiethylamine (5.1 mL, 3534 munol} at RT
under argon atmosphere; heated to 70 °C and stirred for 24 h. The reaction was moaitored by
TLC; after completion of the reaction, the volatiles were removed 7 vacuo to obtain the crude
product. The crude product was purified through silica gel column chromatography using 4%
EtOAc/hexanes to afford compound 11 (3.5 g, 56%) as an off-white solid. TLC: 10% EtOAL
hexanes (Re 0.2) "THENMR (CDCl, 400 MEz): § 7.30-7 28 (m, 2H), 7.11 (1, = 8.0 Hz, 2H),
6.96 {brs, 1H}), 630 (s, 1H}, 2.84-2.77 (m, 1H), 1.21 {d, ./ = 0.8 Hz, 6H).

{0080 Synthesis of fert-butyl 4-(4-{(4-fluorophenyhamino)-6-isopropylpyrinudin-2-y1)

piperazine-1-carboxylate {12):

A
Nz \} N P
& N NBec
Vol At
...... {
12
[0081} To a stirred solution of compound 11 (3.5 g, 1321 mmol} in #-butanol (60 mL)

were added ferf-butyl piperazine-t-carboxylate 4 {3.66 g, 19.81 mmol) and ¥ V-
ditsopropylethylamine (3.65 mL, 1981 mmot)} in sealed tube at RT under argon atmosphere; the
mixture was heated to 120 °C and stirred for 36 h. The reaction was monitored by TLC: after
completion of the reaction, the volatiles were removed in vacun 1o obtain the crude product. The
crade product was purified throagh silica gel column chromatography usimg 10% EtOA¢/
hexanes to afford compound 12 (4 g, 73%) as a white selid. TLC: 10% EtOAc/ hexanes (Ry
0.8); TH-NMR (CDCly, 400 M¥z): § 7.30-7.28 (m, 2H), 7.03 (0.7 = 8.4 Hz, 2H), 6.32 (br 5.
THYL 379 (s, 1H), 3.77 (1, J= 52 Hz, 4H), 3.49-3.46 (m, 4H), 2.72-2.61 (m, 1H), 1.48 (s, OH),
1.18(d, J= 6.8 Hz, 6H).

[0082] Svathesis of N-{¢-fluorophenyl}-6-isopropyl-2-{piperazin-I-vi jpyrinudin-d-amine

{13}
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[0083] To a stirred solution of compound 12 {500 myg, 1.2 mmol) m CHCh (10 mL) was
added 4 N HCHin 1 4-dioxane {4 mlL) at 0 “C under argon atmosphere; the mixture was warmed
to R'T and stived for 2 1. The reaction was monitored by TLC, after completion of the reaction,
the volatiles were removed in vacuno. The residue was peutralized with 10% NaHCO solution
{20 mL} and extracted with EtOAc (2 x 30 mi). The combined organic extracts were dried over
sodium sulfate, filered and concentrated in vacue 1o afford compounnd 13 (340 my, 90%) as an
off-white solid. TLC: 10% CHOH CHCL (Rr 0.2) H-NMR {DMSIO-dg, 400 MHz): 6 9.09
{s, 1H), 7.62-7.58 {m 2H}, 7.11 {t, J=8.8 Hz, 2H), 586 (s, 1 H), 3.60 {t,./J= 4.8 Hz, 4H}), 2.71 (¢,

J= 4.8 Ha, AH), 2.67-2.58 (m, TH), 118 {d, J= 6.8 Hx, 6H).
Example 2 - Synthesis of Target Compounds 1-22
{0084} Intermediates 6 and 13 were converted to final products either by using

commercially available sulfonyl chlorides or by using prepared sulfonyl chlorides emploving
typical procedure A and the reselts are captured in Table 1 below.

[0085] Typical procedure A: To a stirred solation of compound 6 {30 mg, 0.14 mmol)
in CHCL (5 mb) under argon atmosphere were added pyridine (8.06 ml., 0.70 mmol), and
suifonyl chloride {29.5 myg, 0.15 mmeol) at 0 °C; warmed to RT and stirred for 4 . The reaction
was monitored by TLC; after completion the reaction, the reaction mixiure was dituted with
CHCl (30 mL), washed with water (153 mL), 1 N HCI (10 mL), 10% NaHCO; solution (15
ml.}, brine (15 mL), dried over sodium sulfate, filtered and concentrated in vacuo 10 obtain the
crude product. The precipitated material was either directly dried in vacus or triturated or
purified by coluwmn chromatography to afford the desired target compounds.

Table ¥

Target ] Mass B
. . Procedure, Ry, y Mass Spec, .
Cmpd. Structure ] . o Spee. H-NMR
Intermediate | Yield Calculated
No. Found
"H-NMR {DMSO-
y 43719 for | o, 300 MHz: &
FARY b "
7N 438.6 e 20048, T, 62
i - A6 T CotN,0 | HI0 s T, 762
HN M1y - (d. J = R0 He, 21,
L o S , - LH)
o N N
& N NSl O 7.43-7 38 (m, 45D,
IV X SNV S W
/ 708 (e, J = 8.0 Ha,

7
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THY. S.N6 (s, 15y,
177, F= 48 Ha
4H), 289 (=
4.8 Hz. 4H), 2.38
{s. 3H3, 2.24 (5,
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Example 3 — Synthesis of Target Compounds 23 & 24
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Synthesis of 6-methyl-2-(4-({(4-nitrophenvl) sulfonyl piperazin-1-yD-N-(p-tolyl)

pyrimidin-4-amine {64} To a stiwred solution of compound 6 (100 myg, 0.35 mmel) in CHCL (5

mbL} under argon atmosphere were added pyridine (0.15 ml, 1.76 mmol) and 4-

nfrobenzenesulfonyl chlonde 63 (78 mg. (.35 numol) at 0 °C; warmed to RT and stuved for 4 h.

The reaction was monitored by TLC: after completion of the reaction, the reaction mixture was

(9]
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diluted with CHCl (30 mL), washed with | N HCHIS mL), 1026 NaHCOQq solution {20 mL),
water (20 mL), dried over sodium sulfate, filtered and concentrated a2 vacuo to obtain the crade
product. The crude product was washed with diethy! ether (2 x § mL) and n-pentane {2 x 5 ml.)
and dried i vacno to afford compound 64 {110 myg, 67%;) as a white solid. TLC: 5% MeOH/
CHaCls (R 0.8}, "H-NMR (DMSO-dg, 400 MHz): § 9.00 (s, 1H), 8.41 (d, J= 8.8 Hz, 2H), 8.01
{d, /=88 Hz, 2H), 738 (d, /=84 Hz, 21}, 7.08(d, J= 84 Hz, 2H), 5.86 (s, 1H}, 3.790 (1, J =
S22 He, 4H), 3.02 (1,7 = 4.8 Hz, 4H), 2.24 (s, 3H), 2.08 {s, 3H}).

j0087] Synthesis of 6-methvi-2-(4-{{4-nitrophenyl} sulfonyl piperazin-{-yD)-N-{p-tolvl)
pyrimidin-4-antne (63} To a stirred solution of compound 64 (100 mg, 0.21 munol) in MeOH (5
ml} under argon atmosphere was added 10% P&/C (30 mg) at RT; the mixture was stirred under
hydrogen atmosphere (balloon pressure) for 4 h. The reaction was monitored by TLC; after
completion of the reaction, the reaction mixture was filtered through celite, washed with CH»Cls,
{2 x 20 mL) and the filtrate was concenmtrated in vacwo to obtain the crode compound 65 (73 mg,
78%6) as an off-white solid. TLC: $% MeOH/ CHaCh (R 0.5); "H-NMR (DMSO-d,, 400
MHz)p: & 8.99 (5, 1H), 740 (1, /=84 Hz, 2H}, 735 (d, /= 8.8 Hz, 2H), 7.08 (d, /= 8.0 Hz, ZH),
6.62 {d, J=84 Hz, 2H), 6.05 (brs, ZH)Y, 386 (s, TH), 3.73 (1, /=32 Hx, 4H}), 282 {t, /=52
Hz, 4H), 2.24 (s, 3H), 2.09 (s, 3H),

{0088} Synthesis of 2-{4-({4-(dimethyiamino} phenyl) sulfonvhipiperazin-1-v-6-methyl-
N(p-tobhyDpyrimidin-4-amine {target compound 23) & d-methyl-2-{4-{{4-(methvlamino} phenyl}
buimm }pz erazin- -y »m{p*m }p\nmtajm ~4-aming {mrs.,et Lmnpmund 24y, To a stured

argon atmosp‘here were added potasstum carbonate (110 mg, 0.79 mmel), methyi todide (G.US
ml, 0.79 mmel) at 8 °C; warmed {o 50 °C and stirred for 16 . The reaction was monitored by
TLC; after completion of the reaction, the reaction mixture was diluted with e cold water (10
ml.} and the precipiated solid was filtered, washed with ether {2 x § mL) to obtain the crude
product, which was purified by preparative HPLC to afford target compounds 23 (30 myg, 20%)
& 24 (25 myg, 17%) as off-white sohids.

{0089] Apalvtical data of target compound 23; TLC: 5% MeOH! CHCL (B 0.6); H-
NMR (DMSO-d;, 400 MHz): 6 9.00 (s, 1H), 748 (d, /= 9.2 Hz, 2H}, 7.39(d, /= §.4 He, 2H),
TO8{d, J=80Hz, 2H), 677 {d, /=88 Hz, 2H), 585 (s, 1H), 3.76 (1,7 =52 Hz, 4H)}, 2.98 {5,
6H3, 2.82 (1, S = 4.8 Hz, 4H), 2.24 (s, 3H), 2.08 ( 5, 3H); LC-MS: 99.37%:; 467.0 (M +1};
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{column; X-select CSH C-18, {50 # 3.0 mum, 3.5 pm); RT 3.06 min. 0.05% TFA (AQACN; 0.8
mb/min}; UPLC (purity): 99.15%; (column: Acguity BEH C-18(50x 2.1 mam, 1.7 uj; RT 2.14
min. ACNQ.0253% TFA (Aqg) 0.5 mL/min) (IP13090223)

{0090} Analvtical data of target »::Ompmmd 24: TLC: 5% MeOH/ CHyClz (R 0.5); 'H-
NMR (DMSO-d;, 400 MHz): 3 8.99 (s, 1H), 7.40 (¢, J= 8.8 Hz, 4H), 7.08 (d, /= 8.0 Hz, 2H),
£5.65-6.63 {m, 1H)}, 6.61 {d, /= 8.8 Hz, EH}, SBafs, 1H), 376 (t, J=48 He, 4H), 282 (1, /= 438
Hiz, 48, 2.70(d, ./ = 5.2 Hz, 3H), 2.24 (3, 34}, 2.08 (s, 3H), LOC-MS: 93.74%; 453.0 (M #1 )
{columm; X-select CSH C-18, (30 x 3.0 mm, 3.5 um}, RT 2.92 mm. 0.03% TFA {Aq) : ACN; 08
mlAniny, UPLC (punity): 92.23%; {column: Acquity BEH C-IB {30 x 2. mm, 1.7 u); RT 2.04

min, ACN: 0.025% TFA (Ag) 0.5 mb/min) (IP13090222).

Example 4 — Synthests of Target Compounds 25 & 26:
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[00911 Synthesis of feré-butvl 4-({4-mitrophenyhsulfonylpiperazme-1-carboxylate (66):

To a stirred solution of feri-butyl piperazine~-1 -carboxylate 4 (500 mg, 2.68 mumol} in CHCl (10
mb.} under argon atmosphere were added pyridine (1.1 mi, 13.4 mmol), 4-nitrobenzenesulfonyl
chloride 63 (594 mg, 2.68 mmol) at 0 °C; warmed to RT and stirred for 4 h. The reaction was
monitored by TLC; after completion of the reaction, the reaction mixture was diluted with
EtOAc (30 mL), washed with water (20 mL), 1 N HCI{15 mL), 10% NaHCO; solution (20 mL),

brine (20 ml.), dried over sodinm sulfate, filtered and concentrated in vacue to obtan the crude

(9]
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product. The crude product was washed with diethyl ether (2 x 10 mL) and #-pentane (2 x 10
mbL) and dried in vacue to afford compound 66 (760 mg, 76%) as a white solid. TLC: 30%
FtQAc/ hexanes (X 0.5);, TH-NMR {(CDCls, 560 MHz): 5 839 (d, J=9.0 Hz, 2H), 794 (d, J =
9.0 Hz, 2H), 353 {6, /= 5.0 Hz, 4H), 3.04 (1, /= 5.0 Hz, 4H), 1,40 (s, 9H).

0092} Svynthesis of rerr-butyl 4-((4-aminophenyl) sulfonyl) piperazine-1-carboxviate
{67): To a stirred sohution of compound 66 {750 myg, 2.02 mmol} in MeOH (10 mL) under argon
atmosphere was added 10% Pd/ C {200 myg) at RT and stirred undey hydrogen atmosphere
{balloon pressure) for 6 h. The reaction was monttored by TLC, after completion of the reaction,
the reaction mixture was filtered throagh celite, washed with CHaCh (2 x 30 ml), and the floate
was concentrated in vacno to obtam the crude product. The crude product was washed with
CH2Cl (2 x 10 mb) to afford compound 67 (610 mg, 89%) as white solid. TLC: 30% EtOAc
hexanes (Ry 0.3) "H-NMR (CDCls, 400 MHz): 5 7.54 (d. /= 8.4 Hz, 2H), 6.78 {d, /=~ 8.4 Hz,
2H), 3.49 (1, J= 5.6 He, 4H), 293 (1, /= 5.2 Hz 4H), 1.41 (s, 8H).

{0093} Synthesis of rert-butyl 4-((4-(2,2,2~

triffuoroacetamido phenyhsulfonylpiperazine-1-carboxylate (68). To a stirved solution of
compound 67 (100 mg, 0.29 mmol} in CHCh (3 mL) onder argon atmosphere were added
pyridine (0.04 mL, 0.58 mmol) and trifluoroacetic anhydride (0.04 mL, 0.29 mmol) at 0 °C; and
stirred for 30 min. The reaction was monttored by TLC; after completion the reaction, the
reaction mixture was diluted with water (20 mL) and extracted with CHCh (2 x 20 mL). The
combined organic extracts were dried over sodium sulfate, filtered and concentrated iz vaeno to
obtain the crude product. The crude preduct was purified through silica gel column
chromatography using 30% EtOAc/ hexanes to afford compound 68 {105 mg, §82%) as white
sofid. TLC: 40% FtOAe hexanes (8 0.8); "H-NMR (DMSO-d;, 400 MHz): & 11.64 (s, TH),
795¢(d, /=80 Hz, 2H), 778 (d, /=92 Hz, ZH), 3.38 {1, /=52 Hz, 4H), 285 {t, /=52 Hz,
4H), 133 (s, 9H).

0094} Synthesis of 2,2, 2-trifluoro-N-{(4-(piperazin- {-visulfonyliphenyl Jacetanude
hydrochloride (69); To a stirred solution of compound 68 {100 myg, 0.22 vamol) in CHCL (3
mb) was added 4 N HCI in 1 4-dioxane (2 ml) under argon atmosphere at 0 “C was stirred for 3
b The reaction was monitored by TLC; after completion of the reaction, the volatles were
removed f#1 vaono to obtain the crude product. The crude product was triturated with diethvl

ether (2 1 5 mL) and dried in vacuo to afford compound 69 (45 mg, HCI salt) as an off-white

(9]
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solid,. TEC: 3% MeOH/ CHaCl; (Ry 0.2); "H-NMR (DMSO-d;, 500 MHz): 5 11.78 (brs, 1H),
Q03 {brs, 1H), 8.50(d, =68 He, 2H), 785 (d, F= 72 Hz, 2H), 3.17-3.16 (m, 4H), 3.13-3.12
{m, 4H}.

[0095] Synthesis of 2,2 2-trifluoro-N-(4-({4-(4-methyl-6-(p-tolylammo) pyrimidin-2-vl}
piperazin-1-vl} sulfonyl) phenvl) acetamude (28) & 2,2, 2-trifluoro-N-{4-{{4-(d-methyl-6-(p-
tolylanuno) pyeimidin-2-y1) piperazin-1-v1) sulfonyl) phenyl) acetamide (26): To a stirred
solution of compound 69 (70 myg, 0.29 mmol) m s-butanot (3 mL) under argon atmosphere were
added compound 3 {100 mg, 0.29 mumol), dusopropylethviamine (0.13 mi, 0.74 mmol) at RT;
warmed to 100 °C and stirred for 12 b, The reaction was monttored by TLC; after completion of
the reaction, the volatiles were removed in vacuo to obtain crude. The crude product was
purified through silica gel column chromatography using 30% EtOAc¢/ hexanes to afford 25 (20
mg, 12%) & 26 (30 mg, 20%) as an off-white solid. Analvtical data of 25 TLC: 40% EtQAe/
hexanes (R 0.6} 'H-NMR (DE\-‘ZLSO«&, 400 MHz): 5 11.60 (s, 1H), 9.00 (s, 1H}, 7.93(d, ./ =
92 Hz, 2H), 7.79(d, /=88 Hz, 2H), 739 (d, /= 8.4 Hz, 2H), 708 {d, J = 8.4 Hz, 2H), 586 (s,
FHY, 377 {1, /=52 Hz 4H), 292 (¢, /= 4.8 Hz, 4H), 2.24 (5, 3H)}, 2.08 {5, 3H), LO-MS:
9R.84%; 534.9 (M 1) (column: Xeselect CSH C-18, (50 x 3.0 mm, 3.5 um); RT 3.13 min,
0.05% TFA (Ag)rACN; 0.8 mbUsmin); UPLC (purity) 97.15%; {colamn: Acquity BEH C-18 {50
x 2.0 mm, 17 u) RT 213 mun. ACN:(L025% TFA (Aq); 8.5 mL/mm) (IP13090981).

{0096} Analytical data of 26: TLC: 40% FtOAc/ hexanes (R 0.5); "H-NMR (DMSO-
dg, 400 MHz): S 899 (a TH), 740 (4, J= 84 Hz, 2H), 735 (d. /=88 Hx, 2HYL, 708 {d, J = 8.0
Hz, 2H}, 662 (d, /=88 Hz, 2H), 6.053 (brs, 2H), S &6 (s, TH)L 3.75{t, /=4 & Hz, 4H), 282 (1../
=4 8 Hz, 4H), 2.24 (s, 3H), 2.09 (5, 3H); LC-MS: 98.05%: 438.9 (M +1); {column: X-select
CSH C-18, (50 x 3.0 mmy, 3.5 ym); RT 2.81 min. 0.05% TFA {AgyACN; 0.3 mbfmun);, UPLC
{puarityy: 95.73%; {column: Acquity BEH C-18 (30 x 2.1 mm, 1.7 9); RT 1.93 mm.
ACUNAD025% TFA (Ag); 0.5 mlsmn) (IP13100012)

Example 5 - Synthesis of Target Compound 27



WO 2015/057945 PCT/US2014/060869

ol N_ ¢ AN NeBoe O o =R
A \(’ el g /‘};:N o, 4 N HCHn 1 4-Dioxane, =M
‘~<§_/L5 {0 N NeBoo > & N NH
DIFEA, hulanel PN s CH,Cly O —
1 70 71
s, O
MO, S8l
RN
479
pyridine
72 73
£y .'Z?Ws\,
TN <
Nz (.-" """"" d
HY
Prytgbala Xantphos, /}“t&:?{ /
8000, 1 4-Diorans Y e
b
’ 27
{0097} Synthesis of rer-butyl 4-(4-chloro-6-methylpyrimidin-2-vi) piperazine-1-

carboxylate (70} To a stirred solution of 2 4-dichloro-6-methylpyrimidine 1 {2 g, 12.26 mmol)
in n-butano! (10 mL) under argon atmosphere were added rer-butyl piperazine-1-carboxylate 4
{2.74 ¢, 14.72 mmol}, dusopropylethvlamine (4.2 mL, 24.53 numol) in a sealed tube at RT;
warmed to 100 °C and stirred for 16 b, The reaction was monitored by TLU, after completion of
the reaction, the reaction mixture was diluted with water (50 mbL) and extracted with EtQAc 3 x
50 mL). The combined organic extracis dried over sodiwm sulfate, fillered and concentrated 71
vacno to obtatn crude. The crude product was purified through silica gel column
chromatography using 5% EtOAc/hexanes to afford compound 70 (500 mg, 13%6) as an off~
white solid. TLC: 10% EtOAc hexanes (Ry 0.6); TH-NMR (DMSO-dy, 500 MHz): 5 6.66 (s,
TH) 3.69 (1, = 5.0 Hz, 4H), 3.38 (1. J = 5.0 Hz, 4H). 2.28 (s, 3H), 1.41 (s, 9H).

j0098] Synthesis of $-chloro-6-methyl-2-(piperazin-1-y1) pyrimidine {71): To a stirred
sohution of compound 78 (500 myg, 1.59 mmol) in CHCL (3 mb) under inert atmosphere was
added 4 N HClin 1, 4-dioxane (5 ml) a1 0 °C and stirred for 6 h. The reaction was monitored by
TLC, after completion of the reaction, the volatiles were removed i vacuo. The residue was
neutralized with saturated NaHCO; sohution (30 ml.) and extracted with EtOAc {2 x 30 mi).

The combined organic extracts were dried over sodium sulfate, filtered and concentrated in

(5]
[#2)
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vacwo 1o obtain compound 71 (270 mg, 79%) as white solid. TLC: 30% EtQAc/ hexanes (Ry
0.2); "H-NMR (DMSO-ds, 400 MHz): 8 6.58 (s 1H), 3.62 {1, J= 5.2 Hz. 411, 2.70 (1,./ = 5.2
Hz, 4H}, 2.27 (s, 3H).

{0099} Synthesis of 4-{{4-(4-chloro-6-methvipyrimidin-2-yDpiperazin-1-
yhsulfonyviiphenol {72): To a stirred solution of compound 71 {230 myg, 1.17 mmeol) in CHCh
{10 mL) under argon atmosphere were added pynidine (0.47 mL, 5.86 mmol), 4-
hydroxyvbenzenesulfonyl chloride 47 {4352 mg, 2.34 mmol) at 0 *C; the mixture was warmed to
RT and stirred for 16 h. The reaction was monitored by TLC; after completion of the reaction,
the reaction mixture was diloted with water (30 mi.) and extracted with CHCl (2 x 70 mlL).

The combined organic extracts were dried over sodium sulfate, filtered and concentrated /in
yacne to obtain the crude product. The crude product was parified through silica gel colummn
chromatography using 20% EtOA¢/ hexanes to afford compound 72 (160 myg, 37%) as an off-
white solid. TLC: 40% EtOAc/ hexanes (K¢ 0.8); "H-NMR (DMSO-d,;, 400 MHz): 5 10.53 (5,
PH), 7.58(d, /= 6.8 Hz, 2H), 6.93 (d, J = 6.8 Hz, 2H), 6.65 (s, 1H), 3.79 {1, /= 4.8 Hz, 4H),
288 (1, J=4.8 Hz, 4H}, 2.24 {5, 3H).

{00100} Svnthesis of 2-(4-{{4-(ieri-butoxy} pheavh) sulfonyl} piperasin-1~¢l}-4-chloro-6-
methylpyrimidine (73). To a stirred solution of compound 72 {150 my, 0.40 mmol} in CH:Ch
{10 ml.) vnder argon atmosphere were added magnesium perchlorate (36 myg, 0.16 mmol), Boe-
anhydride (0.35 mg, 1.62 mmol} at § °C; the mixture was warmed to 45 °C and stirred for 48 h.
The reaction was monitored by TLC, after completion of the reaction, the reaction mixiure was
diluted with water (20 mbL) and exiracted with CHaCly (2 x 30 ml); the combined organic
extracts were dried over sodinm sulfate, filtered and concentrated in vacwo to obtain the crude
product. The crude product was pwrified through silica gel columm chromatography using 20%
EfOAC hexanes o afford compound 73 (40 mg, 23%%) as an off-white solid. TLC: 30% EtOAc/
hexanes (R 0.6): TH-NMR (DMSO dy, 400 MHz): 8 7.63 (d, J= 8.8 Hz, 2H), 7.17(d, J = 8.8
Hz, 2H), 6.65 {5, 1H}, 3.80 (t, /= 5.2 Hz, 4H}), 293 {t, /=52 Hz, 4H), 224 (5, 3H). 1.37 (s, OH).
00101} Synthesis of 2-{4-((4-(fert-butoxy) phemyd selfonyhipiperazin-1-yl)-6-methyl-N-
{p-tolyl) pyrinvidin-4-mmme (target compound 27): To a stirved solution of compound 73 {40 mg,
0.09 mmol) in 1 4-dioxane (4 mbl) under inert gtmosphere were added p-toludine 2 {13 myg, 0.12
ol ), cesium carbonate (46 myg, 0.14 mmol) at RT, purged under argon for 15 min. To this

were added Pdafdbalz (4.5 mg, 0.004 minol}, Xantphos (3.8 myg, 0.006 numol} in a sealed tube;

Lt
e}
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heated to 120 °C and stirred for 16 h. The reaction was monitored by TLC; after completion of
the reaction, the volatiles were removed /1 yacro to obtain the crude product. The crude product
was purtfied through silica gel column chromatography using 25% EtOAc/ hexanes to afford 27
(15 myg, 32%) as an off-white solid. TLC: 30% EtOA/ hexanes (B¢ 0.5); "H-NMR (DMSO-d;,
400 MHz): 5 000 (s, 1H), 7.64(d, ./ =88 Hz, 2H), 740 {d. /=84 Hz, 2H)7.17 (d, /= 88 Hz,
2H), 7.08{d, J=84 Hz, 2H), 5.86 (s, IH), 3.77 (1, /=52 Hz, 4H), 2.90 (¢, /= 52 Hz, 4H), 2.24
{5, 3H), 2.09 (s, 3H), 1.36 {5, 9H); LO-MS: 96.84%; 496.4 (M +1); (column; X-select CSH C-
18, {50 ~ 3.0 mum, 3.5 pm); RT 3.89 min. 0.05% TFA (AqyACN; 0.8 mL/mm); UPLC (purity):
96.72%; (colurman: Acquity UPLC BEH C-I8 (2.1 x 50 mm, 1.7 p)y; RT 237 nun. AUN:0.025%
TFA (Ag); 0.5 mLAun) (IP13110106).

Example 6 — Synthesis of Target Compouad 28
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00102} Synthesis of 4-{{(4-{4-methyl-6-(p-tolvlanmino}pyrimidin-2-vlpiperazin-1-yh

sulfonyl) phenol (28): To a stirred solution of target compound 4 (30 mg, 0.1 mmeol) i CHUON
{5 mL) were added potassium hydroxide {352 mg, 6.26 mmol) i HaO {5 mL), diethyl
{bromodifluoromethyl) phosphonate 83 (0.1 mL, 0.56 mmol) at 0 °C; warmed to 10 °C and
stirred for 2 h. The reaction was monitored by TLC, after completion the reaction, the reaction
mixture was dituted with water (20 mL) and extracted with EtOAc (2 x 30 mL). The combined
organic extracts were washed with water {50 mL) dried over sodium sulfate, titered and
concentrated fn vacua 10 obtain the crude product. The eruade product was purified through silica
gel colunmn chromatography using 20% EtQAc hexanes to afford 28 (20 mg, 36%) as an off-
white solid. TLC: 40% EtOA¢/ hexanes (B 0.8); 'H-NMR (DMSO-dy, 400 MHz}: § 9.00 (s,
PH), 781 (d, /= 8.8 Hz, 2H), 7.56-7.20 (m, SH), 7.08 (d, /= 8.4 Hz, 2H), 586 (5, 1H), 3.78 (L,
F=48 Hz, 4H), 293 (1, /= 4.8 Hz, 4H), 2.24 {5, 3H), 2.08 {5, 3H); LC-MS: 97.11%,; 4904
(M 1), {column: X-select CSH C-18, (30 x 3.0 mm, 3.5 ym); RT 3.67 min. 0.05% TFA
{AQRACN; 0.8 mL/miny, UPLC {purity): 98.09%,; {column: Acquity BEH C-18 (50 x 2.1 mum,
1.7 u) RT 218 mun, AONDG.025% TFA {Aq), 0.5 mL/min) (IP13090031).
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Example 7 — Synthesis of Target Compound 29
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{00103} Synthesis of 2 4-dichloro-6-ethvlpyrimidime (84} To a stirred solution of 2 4-

dichloro-6-methylpyrimidine 1 (600 mg, 3.68 mmol} in THF (10 mL} under argon atmosphere
was added Hithium diisopropvlamide (LDA; 2 M col. in THF, 2.2 mlL, 4,40 mmol) at ~78 °C and
stirred for 30 min. To this was added methyl odide {0.27 mi., 4. 40 mmol} at -78 “C and the
reaction stirred for 3 h. The reaction was monttered by TLC after conpletion of the reaction,
the reaction mixture was guenched with saturated amumontum chioride solution (20 ml) and
extracted with EtOAc {2 x 30 mL). The combmned organic extracts were dried over sodium
sutfate, filtered and concentrated 7 vacro to obtam the crude product. The crude product was
purified through silica gel column clromatography using 5% EtQA¢/ hexanes to afford
compound 84 {120 mg, 19%) as a low melting pale vellow solid. TLC: 10% EtOAc/ hexanes
(Rs 0.8) "H-NMR (CDCls, 400 MHz): 5 7.17 (s, 1H), 2.80 (g, 2H). 1.32 (1../ = 7.6 Hz, 3H).
{00104} Synthesis of 2-chloro-g-ethyl-N-(p-tolvhpyrimdin-d-amine (85): To a stirred
setution of compound 84 (100 myg, 0.56 numol) in 1 4-dioxane (5 mL) under argon atmosphere

was added p-toluidine 2 (47 4 mg, 0.43 mmol) 8t RT and the mixtore degassed under argon for

10 min. To this were added Pdy(dba); {20.6 myg, 0.02 nunol), Xaantphos (19.5 mg, 0.03 mmol)
and cestum carbonate (202 mg, 0.62 mmol) at RT; the reaction was heated to 110 °C and stivred
for 2 h. The reaction was monitored by TLC, after completion of the reaction, the reaction
mixture was diluted with water (20 mL) and extracted with EtOAc (2 x 30 mL). The combined
organic extracts were dried over sodium sulfate, filtered and concentrated in vacuo 1w obtan the

39
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crude product. The crude product was purified through silica gel column chromatography using
10% EtQOAQ hexanes o aftord compound 85 (30 mg, 21%;) as a sticky solid. TLC: 13% EtQA/
hexanes (¢ 0.3); "H-NMR {CDCls, 400 MHzy: 8 721 {d,./= 84 Hz, 2H), 715 {d,./= 8.4 Hz,
2H), 6.82 (brs, TH), 6.38 (s, 1H), 2.58 {q, 2H), 2.37 (s, 3H). 1.21 (1,7 = 7.6 Hz, 3H).

Synthesis of reri-butvl 4-(4-ethyi-6-(p-tolylamino)pyrimidin-2-vDpiperazine- 1 -carboxylate (86}
To a stired solution of compound 88 (30 mg, 0.12 minel) in #-butanol {2 mL) under argon
atmosphere were added ferf-butyl piperazine-1-carboxylate 4 {33.7 mg, 0.13 mmeol) and NN~
diisopropviethylamine (0.04 mL, 0.24 mmol) 11 sealed tube at RT; the mixture was heated to 80
°C and stirred for 3 h. The reaction was monitored by TLC; after completion of the reaction, the
volatiles were remaoved i vacno to obtamn the crude product. The crude product was purified
through silica gel column chromatography using 15% EtOAc/ hexanes to afford compound 86
{65 my, 63%) as a low meltung colorless solid. THC: 20% EtOA¢/ hexanes (Kg 0.6} TH-NMR
(DMSO-d,, 400 MHz): 8 9.02 (s, 1H), 7.46 (d, J = §.4 Hz, 2H), 7.10 (d, / = §.4 Hz, 2H}, 5.90 (s,
PH), 3.67 {1, =48 Hz, 4H), 337 (, /=32 Hz, 4H), 2.40 (g, 2H), 2.27 {s, 3H), 1.46 (s, OH),
114 (1, ./ = 7.6 Hz, 3H).

{00103} Synthesis of 6-cthyl-2-(piperazin- -y 3-A-(p-tolyDpynimidin-d-amine (87) To a
stirred solution of compound 86 (65 mg. (.16 mmol) in CH:Cl; (2 mL) under argon atmosphere

was added 4 N HClmn | 4-dioxane (0.25 mL, 0.82 mmol) at 0 °C; warmed to RT and stirred for
2 h. The reaction was monitored by TLC, alier completion of the reaction, the reaction mixture
was dituted with water (15 mL) and extracted with CH2Clh (2 x 20 mL). The agueous laver was
basified with $% aqueous NaHCO; solution {10 mb) and extracted with CH>CL (2 x 30 mb)
The combined organic extracts were dried over sodium sulfate, filtered and concentrated in
vercao to obtain crode compound 87 (35 mg, 72%) as an offvwhite solid. TLC: 10% CH;OH
CH2Cly (Ry 0.3); TH-NMR (DMSO-dg, 500 MHz): 3 898 (s, 1H), 747 (d. J= 8.0 Hz, 2H), 7.09
{d, /=85 Hz 2H), 5.86 (s, 1H), 3.63-3.62 (m, 4H), 2.74-2.73 {m, 4H), 2.41-2.37 (m, 3H), 2.24
{s, 3H), 1.13 {t,./= 8.0 Hz, 3H).

00106} Synthesis of 6-gthvi-2-(4-({4-methoxyphenyhsulfonylpiperazimn- 1 -vh-N-{p-tolyl)
pyrimidin-d-amine {29} To a stirred solution of compound 87 (35 mg, (.11 mmeol) m CHCHL (2
mb) under argon atmosphere were added pyridine (0.047 mL, 0.58 mmol} and 4-
methoxvbenzenesulfonyl chloride 48 (26.7 myg, 0.12 mumol} at  °C; the mixture was warmed to

~

RT and stirred for 16 h. The reaction was monttored by TLC, after completion of the reaction,
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the reaction mixture was diluted with CHCl; (20 mL) and washed with 2 N HCIL (2 x 10 mL).
The organic layer was dried over sodium sulfate, filiered and concentrated in vacuo to obtain the
crude product, which was precipitated with 20% EtOAc/ hexanes to afford 29 (235 myg, 45%) as
an off-white solid. TLC: 5% CH:OH CHCh (R 0.7); '"H-NMR (DMSO-d,, 400 MHz): §
902 {5, IH), 7.67 (d, J= 8.8 Hz, 2H), 740 (d, J= 84 Hz, 2H), 7.13 (d, ./ = 88 Hz, 2H), 7.08 (d,
J=84Hz, 2H), 587 (s, 1H), 382 (5, 3H), 3.78 (1,./=4.8 Hz, 4H), 2.88 {1, /= 4 8 Hz, 4H), 2.36
(g, 2H), 2.24 {5, 3H), 1.09 (t, J = 7.6 Hz, 3H); LC-MS: 95.60%; 468.6 (M +1); {column: X~
sefect CSH C-18 (50 » 3.0 mum, 3.5 um}; RT 3.70 min. 0.05% TFA {Ag)ACN; 0.8 mL/min};
UPLC (purity): 98 98%; (column: Acquity BEHC-18 (S0 x 2.1 mm, 1.7 py RT 2,13 nun.
ACN0.025% TFA (Aq); 0.5 mL/mun) (IP13070762).

Example § - Synthesis of Target Compound 30
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{00107} Synthesis of 2 d4-dichloro-6-1sopropylpyrimidine (9} To a stirred solution of 2,4-

dichioro-6-ethyipyrimidine 84 {950 mg, 5.36 mmol) in THF (50 mL) vnder argon atinosphere
was added LDA (2 M sol. m THF, 337 mi, 10.73 mmeol) at <70 °C and stirred for 30 min. To
this was added methyl iodide (0.66 ml., 10.73 mumol} at -70 °C and stirved for 2 h. The reaction
was mounitored by TLC, after completion of the reaction, the reaction mixture was guenched with
aqueous saturated arpmonium chlonde solution {20 mL) and extracted with EtOA¢ {2 x 30 ml).

The combined organic extracts were dried over sodium sulfate, filtered and concentrated i
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vacwo to obtain the crude product. The crude product was purified through siica gel column
chromatography using 2% E1OAc/ hexanes to afford compound 9 (300 mg, S0%) as a white
solid, THC: 10% FtOAc/ hexanes (Ry 0.5% H-NMR (CDCls, 400 MHEz): § 7.16 (s, 1H), 3.04-
2.97 (my, HH), 131 {d, J= 6.8 Hz, 6H).

[00108] Note: Compound 9 may also be prepared from trichloropyrimidine and isopropyl
magnesium chioride as described above.

{00109} Svathesis of 2-chloro-6-isopropyh-N(p-tolyljpyrimidin-4-amine (88): To a stirred
sotution of compound 9 (500 mg, 2.61 mumol) in acetonitnile (8 mL} under argon atmosphere
were added p-toluidine 2 (285 my, 2.61 mumol) and triethylamine (0.73 mL, 523 mmol} in sealed
tube at RT; the mixture was heated to 60 *C and stirved for 24 h. The reaction was monitored by
TLC; after completion of the reaction, the volatiles were removed in vwcwo, the residue was
diluted with water (30 mil.), and then exwacted with Et0OAc (2 x 40 mL). The combined organic
extracts were dried over sodnum sultate, filtered and concentrated i vacuo to obtam the crude
product. The crude product was purified through sibica gel cohumn chromatography using 7%
EtOAC hexanes 1o afford compound 88 (130 my, 19%) as white solid. TLC: 20% EtOA/
hexanes (R 0.3); TH-NMR (DMSO-ds, 500 MHz): 6 9.80 (s, 1H), 742 (d, J= 7.5 Hz, 2H), 7.16
(d, J= 8.0 Hz, 2H), 6.53 (s, 1H), 2.78-2.76 (m, 1H), 2.27 (s, 3H), 1.16 (d, J = 7.0 Hz, 6H).
{00110} Synthesis of fert-butyl 4~(d-sopropyl-6-(p-tolylamino)pyrunidin-2-yipiperazine-
i-carboxviate (89} To a stirred solution of compound 88 (160 mg, 0.61 mnol} in #-butanol {5
mb} ander argon atmosphere were added fer-butyl piperazine-1-carboxylate 4 {342 myg, 1.83
mmol} and ¥ N-ditsopropylethylamme (021 mi, 1.22 mmol} in sealed tube at RT; the mixture
was heated to 100 °C and stirved for 24 . The reaction was monitored by TLC; after the
reaction was complete, the volatiles were removed fn vacuo, the residae was diluted with water
{20 mL), and extracted with EtOAc {2 x 30 mL). The combined organic extracts were doed over
sodiam sulfate, filered and concentrated s vacueo to obtain the crude product. The crude
product was purified through silica gel column chromatography using 30% EtOAL hexanes to
afford compound 8% (155 myg, 61%5) as white solid. TLC: 15% EtOAc/ hexanes (Ry 0.3); 'H-
NMR (DMSO-d;, 560 MHz): 3 9.05 {s, 1H), 747 (&, J= 8.3 Hz, 2H), 7.10(d, /= 8.0 Hz, 2H),
SO s, TH), 3.68-3.66 {m, 4H), 3.43-3.37 (my, 4H), 2.63-2.60 {m, 1H), 2.24 (3 3H), 142 {5, 9H),
.14 4{d, J=7.5 Hz, 6H}.
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{00111} Svynthesis of 6-1sopropyl-2-{piperazin-I-yh-N-(p-tolyhpyrimidin-4-amine (90)
To a stirred solution of compound 89 (155 mg. 0.37 mmol} i CHLUIL (5 mib) under argon
atmosphere was added 4 N HClin 1 4-dioxane (0.47 mL., 1 87 mmol} at 0 °C; the mixture was
warmed to RT and stirred for 4 b, The reaction was monitored by TLC; after the reaction was
complete, the reaction mixture was diluted with water {15 mL), the pH was adjusted to ~8 with
aqueous saturated NaHCO; solution {20 ml), and extracted with B1OAc (2 x 30 mL). The
combined organic exiracts were dried over sodium sulfate, filtered and concentrated in vacue to
obtain the crade compound 98 (100 mg, 85%;) as white sohid. TLC: 50% EfOAc/ hexanes (B¢
0.2} "H-NMR (DMSO-d;, 500 MEz): § .99 (s, 1H), 748 (d, /= 8.0 Hz, 2H), 708 {d. /= 80
Hz, 2H), 5.80 (s, 1H), 3.61-3.59 (m, 4H), 2.71-2.70 {m, 4H), 2.64-2.58 (m, 1H), 2.23 {5, 3H),
113 (d, J=7.5 Hz, 6H).

j00112} Synthesis of 6-isopropyl-2-{4-({4~-methoxyphenyi) sulfonyl) piperazin-1-yH-No(p-
tolvl) pynmidin-4-amine {30): To a stirred solution of compound 96 (100 mg, 0.32 mmol) in
CH>Cly (5 mi) under argon atmosphere were added 4-methoxybenzenesulfonyl chloride 48 (73
mg, .35 mmol) and pyridine (0.13 mL, 1.6 mmol) at 0 °C; the mixtore was warmed to RT and
stirred for 16 h. The reaction was monttored by TLC; after completion of the reaction, the
reaction mixture was diluted with CH2Cl (30 mL), washed wath IN HC {10 mL) and aqueous
saturated NaHCO; solution (10 mL}. The organic layer was separated, doied over sodium
sulfate, filtered and concentrated in vacuo to obtain the crude product, whicly was triturated with
2% CHLCLY s-pentane to afford 30 (50 mg, 32%) as a white solid. TLC: 5% CHOH CHCh
(Ry 0.8), "H-NMR (DMSO-d,, 400 MHz): 8 9.03 {s, 1H), 768 {d. /= 8.8 He, 2H), 741 (d, ] =
SO Hz 2H), 7.13(d, J=88 Hz, 2H), 708 (d, J= 8.4 Hx, 2H), 587 {s, IH), 3.82 {5, 3H), 3.78 {1,
Fu= 44 Hae 4]{} 289 {1, /=48 Hz, 4H), 2.56-2.52 (m_ 1H), 2.24 (5, 3H}, 1.10(d, /= 6.8 Hz,
6HY, LO-MS: 97.21%; 482.4 (M +1); (colummn: X-select CSH C-18 (50 x 3.0 mm, 3.5 ym); RT
370 min. 0.05% TFA (AgrACN; 0.8 minun);, UPLC (purity): 98.80%; {column: Acquity
BEH C-{8 (50 x 2.1 mamy, 1.7 g}, RT 2,19 mun, ACN:0.025% TFA (Aqg); 0.5 mbLimin}
{IP13080332).

Example 9 — Synthests of Target Compound 31
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00113} Synthesis of 4-{fer-butyl}-2, 6-dichloropyrimidine (923 To a stirred solution of

2.4 o-trichloropyrimitdine 7 (1.5 g, 8.19 mmol} in THE (30 ml) uoder argon atmosphere were
added reri-butyl magnesium chlonide 91 {2 M sol. in diethyl ether, 6,12 mi., 12.29 munol) and
copper 1odide (78 mg, 041 mmol) at ~10 °C; the mixture was stired at 0 °C for T h. The
reaction was monitored by TLC; after completion of the reaction, the reaction mixture was
guenched with aqueous saturated ammoniam chlonde solution (50 mL) and exracted with
EtOAc (2 x 60 mL). The combined organic extracts were dried over sodium sulfate, filtered and
concentrated i vacuo 1o obtain the crude product. The crade product was purified through silica
gel column chromatography using 2% EtQAc/ hexanes to afford compound 92 (900 myg, 56%) as
colorless semi solid. TLC: 10% EtOAc/ hexanes (Ry 0.3}, H-NMR {CDCl;, 560 MHz): 6 740
{s, TH), 1.32 {5, 9H).

{00114} Svnthesis of 6-{feri-butyl)-2-chloro-N-{p-tolylipyrimidin-d-amine (93} To a
stirred solution of compound 92 (300 myg, 2.43 mmol} in acetonitaile (8 mL} under argon
atmosphers were added p-toluidine 2 (265 mg, 2.43 mmol) and triethylamine (0.68 ml, 4.87
mmol} in g sealed tube at RT; the mixture was heated to 60 "C and stirved for 24 h. The reaction
was monitored by TLC; after completion of the reaction, the volatiles were removed in vacuo,
the residue was diluted with water (20 mL), and extracted with EtOAc (2 x 40 mL). The

combined organic extracts were dried over sodhum sulfate, filtered and concentrated i vacue to
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obtain the crude product. The crude product was purified through silica gel column
chromatography using 7% EiOAc/ hexanes to afford compound 93 (70 mg, 10%) as a white
solid, THC: 20% FtOAc/ hexanes (Ry 0.2% H-NMR (DMSO-d;, 400 MHz): 5 9.80 (s, 1H).
744 (d, J= 8.0 Hz 2H), 716 (d, /= 8.0 Hz, 2H), 6.64 (s, 1H), 2.27 (s, 3H), 1.22 (5, 9H).
Synthesis of feri-butvl 4-(d-{fert-butyl)-6-{p-tolvlamino} pyrimidin-2-vl) piperazine-1-
carboxylate (94} To a stirred solution of compound 93 (70 myg, 0.25 mmol) ia #-butancl (5 mL)
under argon atmosphere were added fert-butyl piperazine~1-carboxylate 4 (142 mg, 0.76 mmaol)
and ¥V V-dusopropylethyvlamine (0.08 mL, 0.51 mmol) in a sealed tube at RT; the nuxture was
heated to 100 °C and stirred for 24 k. The reaction was momitored by TLC; after completion of
the reaction, the volatiles were removed in vacuo, the residue was diluted with water (20 mL)
and extracted with EtQAc (2 x 30 mL). The combined organic extracts were dried over sodium
sulfate, filtered and concentrated /1 vacuo to obtain the crude product. The crude product was
purified through silics gel column chromatography using 30% EtOAce/ hexanes to afford
compound 94 {75 myg, 69%) as a white solid. TLC: 13% EtOAc/ hexanes (K 0.3) H-NMR
{DMISO-dg, 300 MHz): 5 2.07 (s, 1H), 749 (d, /= 8.0 Hz, 2H), 7.10(d, J= 8.5 Hz, 2H), 6.03 {5,
THY, 3.68-3.66 (m, 44}, 3.40-3.35 (m, 4H), 2.24 (s, 3H), 142 {5, 9H), 1.20 (s, 9H).

00115} Synthesis of 6-{feri-butyD)-2-(piperazin- I-yD-N-{(p-tohyDpyrimidin-d-amine (95}
To a stirred solution of compound 94 (75 mg, 048 mmoh) in CHChL (5 mbl) under argon
atmosphere was added 4 N HCL i L 4-dioxane (.28 mi, 0.88 mmel) at 8 °C; the mixtwre was
warned to RT and stirred for 4 h, The reaction was momtored by TLC; after completion of the
reaction, the reaction mixtore was dihated with water (15 mL), the pH was adjusted 1o ~8 with
agueons saturated NaHCO; solution (10 mL), and exwracted with EtQOAC (2 x 30 mL)  The
combined organic extracts were dried over sodium sulfate, filtered and concentrated in vacne 1o
obtain the crude compound 95 {50 my, 87%) as white solid. TLC: 0% EtOAc/ hexanes {(Rg
0.2); "TH-NMR (DMSO-d,;, 400 MHz): 5 899 (s, 1H), 748 (d, J = 8.8 Hz, 2H), 7.07 {d, J = 8.0
Hz, 2H), 5.98 (s, 1H)}, 3.61 (1, J=4 8 Hz, 4H), 2.72 {t, S = 4.8 Hz, 4H}, 2.23 {5, 3H}, 1.19 (5, 9H).
Svnthesis of 6-{reri-butvl)-2-{4-{{d-methoxyphenvl) sulfonvl) piperazin- 1 -yD-N-{p-toly])
pyrumidin-d~amine (311 To a stirved solution of compound 95 (30 mg, (.15 mmel) in CHCL (8
mL) under argon atmosphere were added 4-methoxybenzenesulfonyi chlonde 40 (35 mg, 0.17
mmol} and pyridine (0.06 mL, 0.76 mmol) at ¢ °C; the mixture was warmed to RT and stirved for

16 b The reaction was monitored by TLC! after completion of the reaction, the reaction nixture
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was diluted with CHCly (30 mL) and washed with 1 N HCI {10 mL), followed by aqueous
saturated NaHCOy solution (10 ml). The organic layer wag dried over sodium sulfate, filtered
and concentrated in vacuo to obtain the crude product, which was triturated with 2% CHxCl/ »-
pentane to afford 31 (30 mg, 40%) as a white solid. TLC: 3% CHQH/ CH.Ch (R 0.9); 'H-
NMR (DMSO-d;, 400 MHz): 3 9.05 (brs, 1H), 7.68(d, /=92 Hz, 2H), 742 (d, /= 8.4 Hz,
IH, TI3{d, =02 He, 2H), 708 (d, /=84 Hz, 2H), 6.00 (5, 1H), 382 (5, 3H), 380 (¢, ./=44
Hz, 4H), 290 (1. J= 4.8 Hz, 45 ), 2.24 (3, 38, 1.16 (3, OH); LO-MS: 97.25%; 496 4 (M +1);
{column: X-select CSH C-18 (50 » 3.0 mym, 3.5 pm); RT 3.95min. 0.05% TFA (AgrACN; 0.8
mbAviny, HPLC (purity): 99.15%; {cohunn: Eclipse~XDB-C-18 {150 x 4.6 mam, § ym};, RT
F3.55 min, ACNS M NHOAC (Ag); 1.0 mL/mun) (IP13080340).

Example 10 — Synthesis of Target Compound 32
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j00116} Synthesis of 2 4-dichloro-6-propylpyrimidine (97): A stirred solution of 6-propyl-

2-thioxo-2 3-dihydropyrimidined (1 H)-one 96 (1 g, 581 mmol) in phosphoryl trichlonide {5 mL)
under argon atmosphere was heated to 110 °C and stirred for 16 h. The reaction was monitored
by TLC, after completion of the reaction, the reaction mixture was diluted with ice water (20
ml.}, neutralized with agueocus saturated NaHCO; solution (20 mL) and extracted with CHCL (2
x 30 mbL). The combined organic extracts were dried over sodiom solfate, filtered and

concentrated in vacuo to obtain the crude product. The crude product was purified throngh silica
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gel column chromatography using 2% EtOA¢ hexanes to afford compound 97 {300 my, 27%) as
a colorless haquid. THC: 10% EtOAc/ hexanes (R (0.8) TH-NMR {CDCli, 400 MH2): 6 7.15
{s, 1H}, 2.72 (t, ./ = 7.6 Hz, 2H), 1.81-1.72 {m, 2H), 6.99 {1,./= 7.6 Hz, 3H).

{00117} Synthesis of 2-chloro-6-propyl-A-{p-tolyvl) pyrimidin-d-amine (98): To a stirred
sohution of compound 97 (300 myg, 1.57 mumol} in CHION (5 ml) under argon atmosphere were
added p-toluidine 2 (205 mg, 1.88 mmol) and triethylamine {0.45 ml, 3.14 mmol) at RT, the
nixture was heated to 70 °C and stured for 36 h. The reaction was monitored by TLC; after
completion of the reaction, the volatiles were removed in vacuo to obtain the crude product. The
crade product was purtfied throogh silica gel column chromatography using 4% EtQAc/ hexanes
to afford compound 98 {120 mg, 30%} as a sticky syrup. TLC: 10% EtOAc/ hexanes {8y 0.4);
THANMR (DMSO-ds, 400 MHz): 5 9.77 (s, 1H), 7.41 (d,./ = 8.4 Hz, 2H), 716 (d, /= §.4 Hz,
2H) 6,51 (s, TH), 2.50-2.47 (m, 2H), 2.27 (5, 3H), 1.64-1.39 (m, 2H), 0.89 (¢, /= 7.6 Hz, 3H}.
[00118] Synthesis of ferf-butyl 4-(4-propyl-6-(p-tolylaminopyrimidin-2-vhpiperazine-1-
carboxylate (99): To a stirred solution of compound 98 (100 mg, (.38 mmel) in w-butanol (3 ml)
under argon atmosphere were added fers-butyl piperazine-1-carboxylate 4 (107 mg, 0.57 mmol)
and N N-dusopropylethyvlamine (6,14 mL, 0.76 mmol} at RT; the mixture was heated to 100 °C
and stirved for 20 . The reaction was monitored by TLC, after completion of the reaction, the
volatiles were removed in vacue to obtain the crude product. The crode product was purified
through silica gel column chromatography using 10% EtOAc/ hexanes to afford compound 99
{100 mg, 64%)} as a white solid. TLC: 10% EtOAc/ hexanes (Kg 0.8); TH-NMR {DMSO-d,,
400 MHz): 6 9.02 (5, 18}7 746 (d, =84 Hz, 2H), 7.10(d, J= 8.0 Hz, 2H), 3.88 (s, 1H), 3.66
{t, /=582 Hz 4H), 3.37 (1, J= 352 Hz, 4H), 236 {1, /=76 Hz 2H), 2.24 (s, 3H), 1.66-1.56 (m,
2H), 1.42 (s, 94, 0.90 (¢, J = 7.6 He, 3H).

{00119} Synthesis of 2-{piperazin- 1 -yD-6-propyl-N-{p-tolvlipyrinndin-4-amine {100} To
a stirved solution of compound 99 (100 mg, 0.24 mumoly m CHLCL; (2 mb) under argon
atmosphere was added 4 N HCH in 1 4-dioxane (0.30 mL, 1.20 mmol) at 0 °C; the muxture was
warmed to RT and stirred for 2 b, The reaction was monitored by TLC; after completion of the
reaction, the reaction nuxture was diluted with water {15 mL) and extracted with CHCL (2 x 20
ml). The agueous layer was basified with 10%6 aqueous NaHCOQq solution (10 mL} and
extracted with CHaCh (2 x 30 mil). The combined organic extracts were dried over sodiam

sulfate, filtered and concentrated /v vacuo to obtain the crude product. The crude product was

e
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purified through silica gel column chromatography using 5% EtOA¢/ hexanes o afford
compound 100 (530 mg. 66%) as a while solid. TLC: 10% CHOH CHCL (B 0.3): "H-NMR
{DMSO-d;, 560 MHz): 0 894 {s, 1H), 747 {d. J= 8.0 Hz, 2H), 7.09 {d. /= 8.5 Hz, 2H), 5.84 (s,
TH), 3.61-3.59 (m, 4H), 2.72-2.70 {m, 4H), 2.37-2.33 (m, 3H), 2.24 (s, 3H), 1.63-1.58 (m, 2H),
0.91 {1, /= 7.0 Hz, 3H).

{00120} Synthesis of 2-{4-({(4-methoxyphenyl) sulfonvl) piperazin- | -yD-6-propyl-N-{p-
tolyl) pyrimidin-d-amne {32): To a stured solution of compound 160 (30 mg, 0.16 mmol} in
CHXClL {4 mL) under argon atmosphere were added pyridine {0.067 mi., 0.80 mumol) and 4-
methoxybenzenesolfonyl chloride 40 (36.5 mg, 0.17 mmol) at 0 "C; the mxture was wanmed to
RT and stirred for 3 h. The reaction was monitored by TLC; after conmpletion of the reaction, the
reaction mixiure was diluted with CH;Cl; (15 mL) and washed with 1 N HCIH 2 x IS mLl) and
10% aqueous NaHCO; (20 mL). The organic layer was dried over sodium sulfate, filtered and
concentrated in vacuo to obtain the crude product, which was precipitated with 5% EtOA¢/
hexanes to afford 32 (30 mg, 39%;) as a white solid. TLC: 5% CH;OH CHYCL (R 0.7); ‘H-
NMR (DMSO-d;, 400 MHz): 6 9.03 {(brs, 1H), 7.67 (d, /= 8.8 Hz, 2H), 740 (d, /= 8.4 Hz,
2HY, 784708 (m, 4H), S.86 (s, 1H), 3.82 (s, 3H), 3.78 (1, J = 5.2 Hz, 4H), 2.89-2 &7 (m, 4H},
2.32{t,J=72 Hz, 2H), 2.24 (s, 3H), 1.61-1.52 (m, 2H), 0.86 {, J= 7.6 Hz, 3H); LC-MS:
98.96%:; 482.6 (M‘;‘--.‘r-l}; {cotumn: X-select CSH C-18, (30 = 3.0 nuw, 3.5 pm), RT 3.76 nun.
$4.05% TEA (AqrACN; 0.8 mL/min); UPLC (purity): 98.43%; (colunm: Acquity BEH C-18
{(S0x 2.1 mum, 1.7 @) RT 2 24 min. ACNO.0258% TFA (Aq); 0.5 mbsmun) (IP13080047).

Example 1T - Svyathesis of Target Compound 33
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[00121] Synthesis of O-{tnifluoromethyhipyrimidine-2,4(1H 3H)-dione (103): To a stirred

sotution of ethyl 4 4 4-influoro-3-oxobutanoate 181 (3 g, 16.30 mmol)} in ethanol (30 mL) under
argon atmosphere were added urea 102 (978 mg, 16.30 mmol} and freshiy prepared sodium
ethoxide (750 mg of Na in 30 mbL of EtOH) at RT; the mixture was heated to 90 °C and stirred
for 24 h. The reaction was monttored by TLC; after completion of the reaction, the volatifes
were removed i vacwo, diluted with water (25 mbL), acidified with 1 N HCH (10 mbL) and
extracted with EtOAc {2 x 40 mL). The combined organic extracts were dried over sodium
sulfate, filtered and concentrated #1 vacne to afford compound 103 {630 mg, 22%) as a white
solid. TLC: 5% CH:OH CHaCL (B2 0.3); "TH-NMR (DMSO-dg, 500 MHz): § 12.07 (s, 1H),
F1.54 (s, 1HD), 6.07 (5, 1H)

{00122} Synthesis of 2 4-dichloro-6-(trifluoromethylipyrimidine (104} To a stirred
sotution of compound 103 (150 mg, .83 mumol} in DMF (5 mL} under argon atmosphere was
added sulfurous dichloride (0.75 mL) in sealed tube a1 0 °C; the muxture was heated to 75 °C and
stirved for 4 h. The reaction was monitored by TLC after completion of the reaction, the

reaction mixture was diluted with fce water (20 mL), neutralized with 10% aqueous NaHCO;
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sotution (20 mL) and exiracted with hexanes (2 x 30 mL). The combined organic extracts were
dried over sodiam salfate, filtered and concentrated Jn vacuo at 35 °C to afford compound 184
{100 mg) as colorless Hauid. TLC: 10% BrOAc/ hexanes (R 0.9 " H-NMR {CDCl;, 500
MHz): § 7.65 (s, 1H).

[00123] Synthesis of 2-chloro-N-(p-tolyh-6-(urifluercmethypyrimidin-4-anine (185} To
a stirred solution of compound 104 (400 my, 1.86 mmol} in CHON (6 mL ) under srgon
atmosphere were added p-tolaidine 2 {202 mg, 1.86 mmol) and triethylamine (0.40 mi., 2.79
mmol} in a sealed tube at RT; the mixture was heated to 70 °C and stured for 24 h. The reaction
was monttored by TLC; after completion of the reaction, the volatiles were removed & vacuo to
obtain the crude product. The crude product was purified through silica gel colunin

I

g 7% E1OAc¢/ hexanes to afford comapound 1058 (120 mg, 22%) as a yellow

solid. TLC: 15% FtOAc/ hexanes (R 0.5); "H-NMR (DMSO-d, 400 MHz): 5 1047 (brs,
1H), 7.50-7.48 (m, 2H), 7.22 (d. J= 8.4 Hz, 2H), 7.06 (br s, 1H), 2.30 (s, 3H).

chromatography usin

{00124} Synthesis of fert-butyl 4-(d-{p-tolylamino)-6-(trifluoromethyl} pyrimudin-2-vi)
piperazine-1-carboxylate {106}, To a stirred solution of compound 108 (120 mg, 0.41 mmel) in
m-batanol {7 mL) under argon atmosphere were added ferf-butyl piperazine-1-carboxylate 4 (116
mg, 0.62 mumoel} and M N-dusopropylethylamine (0.15 mi, 0.83 mmol) at RT; the mixture was
heated 1o 100 °C and stirred for 24 b The reaction was moaitored by TLC; after completion of
the reaction, the volatiles were removed in vacuo to obtain the crude product. The crude product
was purified through silica gel columm chromatography using 10% EtOAchexanes to afford
compound 186 (140 mg, 77%) as a white solid. TLC: 8% EiQA Tolpene (K 0.8} H-NMR
{DMSO-d;, 400 MHz): § 9.66 (s, 1H), 749 (d, J= 8.0 Hz, 2H}, 7.17(d,./ = §.0 Hz, 2H}, 6.36 (s,
1HY, 3.69 (0 = 5.6 He, 4H), 340 (1, J = 6.0 Hz, 4H), 2.27 (3, 3H), 1.42 (5, 9H).

{00125} Synthesis of 2-{piperazin- 1 -yD-N-{p-toly]}-6-{rifhuoromethyl jpyrimidin-4-amme
{107} To a stirred solution of compound 106 (140 mg, 0.32 mmol) in CHCL (3 mb) under
argon gtmosphere was added 4 N HCHin { 4-dioxane (0.40 mL, 1.60 mmol} at 0 °C; the mixtore
was warmed 1o RT and stimred for 2 h. The reaction was monitored by TLC; after completion of
the reaction, the reaction mixture was diluted with ice water {20 mL), neutralized with 10%
aqueous NaHCOq solution (15 mL) and extracted with CH.CL (2 x 30 mL). The combined
organic extracts were dried over sodium sulfate, filtered and concentrated im vacwo to obtain the

crude product, which was precipitated with 10%6 EtOA¢/ hexanes to atford compound 107 (55
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mg, 519} as an off-white solid. TLC: 10% CH:OH/ CH.CL {Re 0.3), "H-NMR (DMSO-d5,
460 MHz): 6 9.61 (s, 1H), 748 (d, /= 8.0 Hz, 2H), 7153 (d, /= 8.0 Hz, 2H), 6.33 (5, 1H}, 3.66

(/= 4.8 Hz, 4H), 2.77 (t, J = 3.2 Hz. 4H), 2.26 (s, 3H).
[00126] Synthesis of 2-{(4-{(4-methoxyphenyvl) sultonyl) prperazin- 1-yD-A-(p-tolyl)-6-

{triffaoromethyl) pyrimidin-d-amine (33): To a stirred solution of compouad 107 (30 mg, 0.14
mmol) in CHCL (3 mL) under argon atmosphere were added pyridine (0.06 mL, 6.74 ninol)
and 4~-methoxybenzenesultonyl chlonide 40 (33.7 mg, (.16 mamol) at 0 °C; the mixture was
warmed to RT and stirred for 4 h. The reaction was monsored by TLC, after completion of the
reaction, the reaction mixture was difuted with CHyCl; (15 ml)), washed with 10% aqueous
NaHCO; solution (10 mL) and 1 N HCH(2 x 15 mbL). The organic fayer was dried over sodiom
sulfate, filiered and concentrated in yacua 1o obtain the crude product, which was tmiturated with
$% BtOAc/H-pentane (2 x 5 mL) to afford 33 (35 mg, 47%}) as an off~white sohid. TLC: 50%
EtOAc/ hexanes (R 0.8); YH-NMR (DMSO-dg, 400 MHZ): 8 9.65 (s, 1H), 7.68 {d. J= 8.8 Hz,
IH)Y, 743 {d, F =84 Hz, 2H)}, 7.16-7.12 (m, 4H), 633 (s, 1H), 3.82 (3, 3H), 3.80 (1, ./ = 4.8 Hz,
4H), 2.92 (1, /= 4.8 Hz, 4H), 2.26 (5, 3H); LC-MS: 96.91%; 5085 (M +1); (colunm: X-select
CSH C-I8 (50 = 3.0 mam, 3.5 pmy;, RT 437 s, 5 oM NHOAC ACN; 0.8 mLmm), UPLC
{purity: 96.23%; {column: Acquity BEH C-18 (30 x 2.1 mumy, 1.7 ), RT 3.05 nun,
ACN0.025% TFA (Ag): 0.5 mbsmun) (IP13080500).

Example 12 - Synthesis of 2-{4-{{($-methoxypheayhsalfonylpiperazin-1-yl -4-methyl-6-

{methyisulfonvhpyrimidine {170} - a Common Intermediate
b ViR .
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{0127} Synthesis of 2~chloro~d-methybo-{methyvithio)pynmidine (166}
Siie
s‘;\\.’.“
- 'E‘~§N SS\ £
166
00128} To a stirved solution of 2, 4-dichlore-G-methyipyrimidine 1 (200 my, 1,22 mmol)

under argon atmosphere tn THF (10 mul) was added sodium methancthiolate (103 mg, 147
mmol i 4 mi of water) at -10 °C and stirred for 2 b, The reaction was monitored by TLC; after
completion of the reaction, the reaction mixture was diluted with water (20 mL) and extracted
with £tOAc (2 x 30 mb). The combined orgaruc extracts were dried over sodium salfate, filtered
and concentrated in vacuo to obtain the crude product. The crude product was purified through
sifica gel colummn chromatography using 3% KOAC hexanes to afford compound 166 (130 mg,
61%) as a white solid. TLC: 5% EtOAc/ Toluene (R 0.8), "H-NMR (DMSO-d;, 400 MHz): &
738 {s, TH), 2.53 (s, 3H), 2.37 (s, 3H).

[00129 Synthesis of feré-butyl 4-{(4-methyl-6-(methvithio)pyrimidin-2-ylipiperazine-1 -

carboxylate (167):
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{00130} To a stirred solution of compound 166 (100 mg, 0.57 mmol} in #-butanol {5 mL}
under argon atmosphere were added 7eri-butyl piperazine-1-carboxylate 4 (160 mg, 0.86 mmol),
diisopropyiethylamine (0,16 ml., 0.86 nunol) at RT? the mixture was heated to 100 °C and
stirred for 24 b in a sealed wbe. The reaction was woenitored by TLC, after completion of the
reaction, the volatiles were removed in vacue to obtain the crude product. The crude product
was purified through silica gel column chromatography using 10% EsQA¢/ hexanes to afford
compound 167 (120 myg, 65%) as a sticky white solid. TLC: 15% FtOAc/ hexanes (R 0.7); 'H-
NMR (DMSO-d;, 400 MHz): 6 648 (5, 1H), 3.70 {1, /= 4.8 Hz, 4H), 3.78 {1, /= 4.8 Hz, 4H),
2.45 (s, 3H), 2.20 (s, 3H), 142 (5. 9H).

{00131} Svnthesis of 4-methyl-6-(methylthio)-2-{piperazin-1-yDpyrimidine (168):
eS
¢ %l
!.}::::NT N
’ 168
{0132 To a stirved solution of compound 167 (2 g, 6.17 mmol} m CHRCl (40 mb) ander

mert atmosphere was added 4 N HCL m 1 4-dioxane (10 mL) at 0 °C; the mixture was warmed to
RT and stirred for 3 h. The reaction was monitored by TLC; after completion of the reaction, the
volatiles were removed i vacuo., The residue was neutralized with saturated NaHCO; sohaion
{30 mL) and extracted with CHyCL (2 x 30 mL). The combined organic extracts were dried over
sodium suifate, filtered and concentrated in vacue to afford crude compound 168 {1.2 glasa
white solid. TLC: 10% MeOH! CH:CL (R 0.2); TH-NMR (DMSO-d,, 400 MHz): § 6.41 {s,
TH), 3.63 (4, J = 5.2 Hz, 4H), 2.70 (. J= 5.2 Hz, 4H). 2.43 (s, 31, 2.17 (s, 3H).

00133} Synthesis of 2-{4-({(4-methoxyphenyl) sulfonyl) piperazin-1-yi}-4-methyl-6-

methylthio} pyrimidine (169

P
4
168
[00134] To a stired solution of 168 (1.2 g, crade) in CHyCl (30 mbL) under argon
atmosphere were added pyridine {2.18 mL, 26.75 mmol), 4-methoxvbenzenesulfonyl chloride 35

{1.21 g, 3.87 mmol) at 0 °C; the mixiure was warmed to RT and stirred for 4 h. The reaction was

LA
Lad
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monitored by TLC; after completion of the reaction, the reaction mixtore was diluted with water
{20 wl.) and extracted with CHaCl; (2 x 30 mb). The combined organic extracts were washed
with 1 N HCE {2 x 50 mL), 10% NaHCO; solution {2 x 50 mL), brive (30 msL}, dried over
sodium sulfate, filtered and concentrated i vacwo to obtaim the crade product. The crude

-
¢
<

product was triturated with pentane {2 x 5 ml) to afford compound 169 (1.2 g, 57%) as white
solid. TLC: 50% EtOAc/ hexanes (Rg 0.8); "H-NMR (DMSO-d;, 400 MHz): § 767 (4. /=& 8
Hz, 2H), 7.13(d, /= 9.2 Hz, 2H), 60.46 (s, TH), 3.83 (s, 3H), 381 {t, /=32 He 4H), 289 (1, ./ =
4.8 Hz, 4H), 241 (s, 3H), 2.16 (s, 3H).

{00135} Synthesis of 2-{4-({d-methoxvphenyl) sulfonylipiperazin- Lyl -d-methyi-6~

{methylsulfonvhpyrinndine {178);

[00136] To a stirred solution of 169 (1.2 g 3.04 numol) in CHCL: (48 mL) under argon
atmosphere were added m-chloroperosybenzoic seid (1.4 g 8. 11 mmolj at 0 °C; the mixture was
warmed to RT and stirred for 24 b, The reaction was monitored by TLC, after completion of the
reaction, the reaction mixture was diluted with water (50 mL) and extracted with CHxCl {2 x
150 ml). The combined organic extracts were washed with 10% NaHCQO; solution (100 mL},
dried over sodium sulfate, filtered and concentrated i vacwo to obtain the crude product. The
crude product was purified through silica gel colunn chromatography using 40% E1QAc/
hexanes to atford compound 178 {1 g, 77%) as an off-white selid. TLC: 80% FtOA¢/ hexanes

{Kp 0.5); "H-NMR {DMSO-d;, 400 MHz): 6 768 (d, =92 Hz 2H), 7.14 (d,./= 9.2 Hz 2H),

7.03 (s, TH), 3.88(t, /=48 Hz, 4H), 3.83 (s, 3H), 3.21 {5, 3H), 294 (1, /= 4.8 Hz, 4H), 2.39 (s,
3H).

Example 13 ~ Syathesis of 4-chloro~-2~{4-{{4-methoxyphenyhsulfonyl jpiperazin-1-yi)-6-

methylpyrimidine {179} and compound 180 - Connnon Intermediates
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[00138]

Synthesis of 2-{benzylthio)}-6-methylpyrimidin-4(3 -one (172}

To a stirved solution of 2-mercapto-G-methylpyrimidin-4(3H)-one 171 {1 ¢, 7.04

mmol) in 1,4-dioxane {10 mL) was added sodium bydroxide {563 mg, 14.07 mmol in 10 mL of

water) and benzyl bromide (1.3 g, 7.74 munol} at 0 *C; the mixture was heated to 50 °C and

stirred for 1 h. The reaction was monitored by TLC; after completion of the reaction, the

reaction mixture was diluted with ice cold water (20 mL) and the pH was neutralized with 6 N

HCL The precipitated solid was filtered, washed with EtOAc (2 x S mL), water {2 x10 mL) and

dried in vacuo o afford compound 172 (1 g, 62%) as a vellow syrup. TLC: 40% EtOA¢/ hexane

{Ry 05y YH-NMR (DMSO-dy, 400 MHE2): § 12.50-12.23 (m, 1H), 7.42-7.39 (m, 2H), 7.33-7.22

(m, 3, .99 (brs. TH), 4.37 (s, 2H), 2.20 (s, 3H).
(00139

LA
LA

Synthesis of 2-{benzylthio -4-isopropoxy-6~methylpyrimidine (173)
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{0140} To a stirred solutton of ditsopropyl azodicarboxylate (1.3 g, 6.46 mamol} m ether
{10 mL) under argon atmosphere were added wiphenvl phosphine (1.6 g, 6.46 mmol) and
compound 172 (560 myg, 2.15 mmol} at RT and the mixture was stured for 13 mmn. To this was
added isopropyl aleohol (0.4 mL, 5.38 mumol) at RT! the reaction was stirred for 72 h. The
reaction was momiored by TLC; after completion of the veaction, the volatiles were removed in
vacwo to obtain the crude product. The crude product was purified through silica gel column
chromatography using 5% E1OA¢ hexanes to afford compound 173 (350 mg, 39%) as a vellow
syrup. TLC: 40% EtOAe/ hexanes (Re 0.7 H-NMR (DMSO-dy, 400 MHz): 5 741 (d, J= 8.4
Hez, 2H), 7.32-7.28 {m, 2H), 725721 (o, 1H), 6.40 (s, 1H), 3.30-3.29 (m, 1H), 4.36 (s, 2H).
229(s, 3H), 1.25(d, J= 6.4 Hz, 6H).

{00141} Synthesis of 2-{benzylsulfonyl)-4-isopropoxy-6-methylpyrimidine (174):

[00142] To a stured solution of compound 173 (650 mg, 2.37 munol) in CH:CL (10 mi)
under argon atmosphere was added m-chioroperoxybenzoic acid {818 mg, 4.74 mmol} at 0 °C;
the mixture was warmed to RT and stirred for 4 h. The reaction was monttored by TLC; after
completion of the reaction, the reaction mixture was diluted with water (20 mL) and extracted
with CH:OL (2 x 30 mL). The combined organic exiracts were washed with 10% NaHCO,
sotution {30 mL) dried over sodium sulfate, filtered and concentrated i vacie to obtain the
crade product. The crude product was purified through silica gel colomn chromatography using
40% EtOAc/hexanes to afford compound 174 (530 mg, 73%) as white solid. TLAC: 30% EtOAc
hexanes (R 0.4); "H-NMR (DMSO-dg, 400 MHz): 6 739-7 20 (m, SH), 7.02 (s, 1H), 5.36-5.30
{m, TH), 4.90 (s, 2HD, 2.49 {d. J= 4.8 Hz, 3H), 1.31 {d, /= 6.0 Hz, 6H).
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{00143} Svynthesis of rerr-butyl 4-(d-isopropoxy-o-methylpyrimidin-2-ylipiperazine-1-

carboxylate (178):

Mo,
o
I S -
s\é\ \>N \Nwsm‘:
*'}'WN e
178
{00144 To a stirred solution of compound 174 (200 mg, 0.65 mmol} i 1 d-dioxane (10

mL} under argon atmosphere were added rerr-batyl piperazine-1-carboxylate 4 (364 myg, 1.9¢
mmol} and diisopropylethylamine (0.28 miL., 1.96 mumol) at RT; the mixture was beated to 90 °C
and stirred for 48 h. The reaction was monitored by TLC! after completion of the reaction, the
volatiles were removed 7 vaene to obtain the crude product. The crude product was purnified
through silica gel column chromatography using 20% EtOAc/ hexanes to atford compound 175
{150 mg, 64%) as a yellow syrup. TLC: 40% EtQOAc hexanes (R 0.6); PH-NMR (DMSO-d,
400 MHz): & 5.89 (s, 1H), 5.24-518 (m, 1H), 3.68-3.65 (m, 4H), 3.38-3.58 (m_ 4H), 2.17 (5,
3H), 148 (5, 9, 1.26 (d, . = 6.0 Hz, 6H)

{00 145] Svathesis of d-isopropoxy-6-methyl-2-(piperazin-1-yl} pyrimidine (176}
ow
}:ZZN /P """ \
& N ONH
Sl s
QPPN
{00146} To a stirred solution of compound 175 (150 mg, 0.44 mmol) in CHxCL (5 mL)

under inert atmosphere was added 4 N HCHin | 4-dioxane (0.6 mL) at 0 °C: the muxture was
warmed to RT and stirred for s+ h. The reaction was monitored by TLC; after completion of the
reaction, the volatiles were removed & vacuwo. The pH of the residoe was neutralized with
saturated NaHCO; solution (30 ml.) and extracted with CHCL 2 x 30 mL). The combined
organic extracts were dried over sodiom sulfate, filtered and concentrated in vacwo to atford
compound 176 (80 myg, B0%:) as a white solid. TLC: 40% EtOAc hexanes (R 0.2); TH-NMR
(DMSO-dy;, 400 MHz): 0 381 (s, 1H), 3.22-3.12 {m, 1H), 3.62-3.538 {m, 4H}, 2.72-2.65 (m, 4H},
212 (3, 3H), 1.25¢d, J = 6.0 Hz, 6H).

(]
)
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{00147} Synthesis of d-isopropoxy-2-(4-({(4-methoxyphenvhsulfonylipiperazin-1-vl)-6-

methylpyrimidime (177)

N
\M
o
SN e © ,
el deBed o heocw
e N R
177
j00148] To a stirved solution of 176 (80 my, 0.35 mmol) in CH:Ch (8 mLl) under argon

atrosphere were added pyridine (0.14 mL, 2.2 nunol) and 4-methoxvbenzenesulfonyd chloride
35 (100 myg, 0.48 mumol) at 0 °C; the mixture was warmed 10 RT and stirred for 4 b, The reaction
was monitored by TLC afier completion of the reaction, the reaction mixture was diluted with
water {20 mL) and extracted with CHyCh (2 x 30 mL). The combimned organic extracts were
washed with 1 N HCH (20 mL), 10% NaHCO; solution (30 mL), brine {30 mL}, diied over
sodium sulfate, filtered and concentrated in vacwe to afford crude compound 177 {100 mg) as an
off-white solid. TLC: 5% MeOH! CHyCly (Re 0.8) "H-NMR (DMSO-d;;, 400 MHz): 3 7.67 (d,
J= 72 Ha, 2HY, 713 {d, J = 7.2 He, 2H), S.87 (s, TH), 3.18-5.12 {m, 1), 3.83 (s, 3H), 3.78 (¢, J
=4 8 Hz, 4H), 2.88 (¢, /=48 Hz, 4H), 2.13 {5, 3H), 1.22{d, /= 6.0 Hz, 6H}.

{00149} Synthesis of 2-{(4-((4-methoxyphenylisulfonylpiperazin-1-y1)}-6-

methylpyrimiidin-4 (3H}-one {178}

o
“g‘-- s ] & Iz
“/\:\ ¢""'\{ \\“s"'“i\ > OCH;
}m\ R TR
178
[00150] To a stirred solution of compound 177 (100 mg, 0.24 mmeol) in acetic acid {5 mL)

was added 10% agueouns HaSOy (53 mL) at 0 °C and the mixture was heated t0 90 °C for 2 h. The
reaction was monttored by TLC; after completion of the reaction, the volatiles were removed in
yacre. The pH of the residue was neutralized with 4 N agueous NaOH solution (30 mL) and the
aqueous mixture was extracted with 10% MeOH/CHChL (2 x 30 mL). The combined organic
exiracts were dried over sodium sulfate, filtered and concentrated i1 vacuo to afford compound
178 {70 mg, 78%} as an off-white solid. TLC: 5% MeOH/ CH2CL (R 0.2); TH-NMR (DMSO-
dp, 400 MHz): 8 767 (d, J=72 Hz, 2H), 714 (d, J= 7.2 He, 2H), 5.57 (s, 1H), 3.84 (5, 3H),
3.69{t, J=4.8 Hz, 4H), 2806 (1, ./ = 4.8 Hz, 4H), 2.02 {5, 3H).
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{00151} Synthesis of d-chloro-2-(4-({4-methoxyphenvDsulfonyhpiperazin- 1 -v1)-6-

methylpyrimidine (179)

&
N
P Y -
4 »MM \15»« S-OCH
}’ N ,,,,,,,,,, & N
7
179
{00152} To compound 178 {70 mg, 0.19 mmol) was added phosphorons oxychloride (3

ml.} under argon atroosphere at O °C; the mixture was heated at 90 °C for 3 b, The reaction was
monitored by TLC; after completion of the reaction, the volatiles were removed i vacuwo. The
pH of the residue was neutralized with aqueous NaHCOz solution (30 mb) and the aqueous
mixture extracted with EtOAC (2 x 30 mL). The combined orgamic extracts were dried over
sodium sulfate, filtered and concentrated i vacwo 10 afford compound 179 (50 mg, 68%) as an
off-white solid. TLC: 5% MeOH/ CHxCl (R 0.7); 'H-NMR (DMSO-dg, 400 MHz): 3 7.66 (d,
=72 He, 2H), 703 (d, J= 6.8 Hz, 2H), 6.65 (s, 1H), 3.83 {5, 3H), 3.80 (1, /=48 Hz, 3H}, 2.9
{t,./= 4.8 Hz, 4H), 2.24 {s, 3H).

00153} in a similar manner, compound 180 was prepared:
=3 GCH,
Seml e D
N Wb
AR : ; N
NI SN
/./
138

Example 14 — Preparation of Target Compounds 34-45

[00154] Further target compounds were prepared using compoonds 170, 179, and 180
reacted with various amines emiploving the following typical procedures B, €, or D and the
results are shown in Table 2 below.

[O0155] Typical procedure B: A mixture of 178 (75 mg, 0.17 mmol} and 4-bromoaniline
{1 g) was heated at 120-130 °C i a sealed tube for 4 . The reaction was monttored by TLC;
after completion of the reaction, the reaction mixture was diluted with water (20 mL} and
extracted with CH2Ch (3 x S0 mL). The combined organic extracts were dned over sodium
sutfate, filteved and concentrated 7 yacne to obtam the crude product. The crude product was
either directly dried i vocuo or riturated or purified by column chromatography or preparative

HPLC to afford the desired compound.
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00156} Typical procedure C: To a stirred solution of compound 179 (70 my, 0.18
mmol} in 1 4-dioxane (3 mL} under argon atmosphere were added 4-{inifluoromethyhantline
{32.4 mg, 0.20 mmol) and cestum carbonate (71 mg, 0.21 mmol} at RT, and the mixture was
purged with argon for 30 min. To this were added Pdy(dba): (4 mg, 0.004 mmol), Xantphos (5.2
mg, ¢.009 mmol), and the mixture was heated to 110-120 °C and stirred for 16 h. The reaction
was monitored by TLC; after completion of the reaction, the volatiles were removed in vacuo to
obtain the erude product. The residue was diluted with water and extracted with EtOAc {2 x 20
ml}. The combmed organic extracts were dried over sodium sulfate, filtered and dried in vacuo
to obtain the crude product. The crude product was directly dried in vacuo, triturated or purified
by column chromatography or preparative HPLC 10 afford the desired compound.

{00157} Typical procedure D: A mixture of corapound 180 (35 mg, 0.091 mmol) and p-
anistdine (11.3 mg, 0.091 munol} was dissolved in p-dioxane (2 ml). An HCl solution (4 N in p-
dioxane} was added dropwise until the solution was acidic by pH paper. The reaction was heated
at 90 °C for 16 h. The reaction was monitored by TLC; afier completion the reaction mixture
was dituted with water (10 mL) and extracted with CHxCh (3 x 10 mL). The combined organic
extracts were dried over sodiom sulfate, filtered and concentrated in vacue to afford to obtaim the
crude product. The crude product was either directly dried in vacuo or triturated or purified by

column chromatography or preparative HPLC o afford the desired compoand.

Table 2
Target Mass ‘
, Procedure, B . Mass Spec, e e
Capd. Structure % . . Spet, H-NMR
- Intermedistes | Yield ' Calcnlated
N, 3 Found

TH-NMR (DMSO-d,.
SO0 MH2: 6 927 (5,
THL 708 ¢ J= 835 Hz,
IH), 733 (d. J= 83 Hy,
SIT.08 for IH)L TOS (L =85 He,

34 B, 170 3% 1 oD
. (M1, VEY. T4 6d T U0 Hy
S0 CoHo B0 JH) T = U0 He
T 5 2H), 590 ¢s, (M), 3.83

{3, 3H), 390377 (m,
4H3, 291286 {r, 44,

2028, 3Ky
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THONMR (400 MHzx,
CDCRY& T35, F=T7Y
| Hz 2H), 7.25 (s, 1H),
F BIICHr 5 17 tad =92, 45 1y,
7N ? 4382 . s g
S § ‘ o i o FNGs 3HL 703 (dd, J=82,
44 N 30 IR0 9%, . e
¢ “Qhwx\gmf\ M1y S 2.3 He, HH), 696 (1, /=
ST 8.6 Hz, 2H), 6.28 (5, 1H).
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[00158] Target compound 45 is showa below and may be prepared by known methods:
OCH;
Y
(‘/ N
:.:'-.'-:J}
¢
HN QCH;

£
45
Example 15 - Capsid Assembly Assay
00159 A screening for assembly effector activity was conducted based on a fluorescence

quenching assay developed in the Zlotnick Iab (Stray ef /., 2006; Zlotmick er al, 2007). A Cp
mutant i3 specifically labeled with a fluorescent dve. In the dimeric state fluorescence 18 intense.
However, when the Cp assembles, the dve molecules sccumulate at fivefold and guasi-sixfold
vertices to self quench by op 10 95%. In the ngh throughput screen, the Cp concentration is
chosen so that addition of NaCl, typically 1530 mM or 360 mM is sufficient to mduce about 25%
assembly. Thus, assembly effectors that enhance assembly are readsly detected.

{00160} As tHlustrated by the effect of CpAM melecules on HBV Cp assembly, as
measured nsing the fluorescence quenching assay, the test revealed that the CpAM molecules
enhanced assembly kinetics and stabilized protem-protein mteractions {Table 3). Control

reactions, with no drug, show 2525% assembly in a 24 h time period.
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Table 3
Target % Capsid formation at 24 h
Compound # (10 uM)
1 93
2 83
3 94
4 Q5
S 91
6 92
7 76
8 98
9 3
10 96
11 ]9
12 73
13 o4
14 67
15 76
16 93
17 70
18 71
19 83
20 o
21 71
22 80
23 88
24 96
25 94
26 26
27 34
28 96
29 94
30 87
31 87
32 69
33 93
34 96
35 81
36 78
37 93
38 73
39 56
40 Q1
41 R4

05
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12 &9
43 o7
44 92
43 87

Example 16 — Assay Measunng Activity of Test Compounds on Viral Production from AD38
Cells

{00161} AD38 cells grown ina 175 em {lask with Growth Medivm (DMEM/F12 (1
{caté SH30023.01, Hyclone, 1X Pendstep {caté 30-002-CL, Mediatech, Inc), 10% FBS (a,at*‘*
101, Tissue Cuolture Biologics), 250 pg/ml. G418 (cat#: 30-234-CR, Mediatech, Inc}, 1 pg'mL
Tetracycline (cat#: T3325, Teknova)) were detached with 0.25% trypsin. Tetracyeline-free
treatment mediwn (15 mbL DMEM/FIZ (11 {cat¥ SH30023.01, Hyclone, 1x Pendstep {cat#; 30-
002-C1L., Mediatech, Inc), with 2% FBS, Tet-system approved (cat#: 631106, Clontech) were
then added 10 mix and spun at 1300 rpm for 5 min. Pelleted cells were then re-
suspendediwashed with 50 mb of 1X PBS 2 times and 10 mi freatment medium one time.
AD38 cells were then re-suspended with 10 mL of tregtment medium and counted, Wells of'a
coltagen coated 96-well NUNC microtiter plate were seeded at 38,0000well w1 180 yl of
treatment mediun, and 20 gL of either 10% DMSO (Control} or a 10X solution of test
mmpmmd in 10% DMSO in treatment media was added for a final compound concentration 1,
Lor 10 M (1.0% final [DMSO]) and plates were incubated for 5 days at 37 °C.
{06162} Subsequently viral load production was assayed by quantitative PCR of the core
sequence. Briefly, 5 ul of clarified supernatant was added to a PCR reaction mixture that
contained forward prumers HBY-f SCTGTGCCTTGGGTGGOTTT-3, Reverse primers HBV -y
SLAAGGAAAGAAGTCAGAAGGCAAAA-3 and Fluorescent TagMan™ Probes HBV-probe
SSFAMAGCTCCAAANZENTTCTTTATAAGGOGTCGATGTCCATGIABKEQ -3 in Quanta
Biosciences PerfeC.Ta®™ gPCR Toughmix™, and was subsequently on an Applied Biosystems
VA7 in a final volume of 20 ul.. The PCR mixture was incubated at 45 °C for § minutes, then
95 °C for 10 min, followed by 40 cycles of 10 seconds at 95 °C and 20 seconds at 60 °C. Viral
load was quantitated against known standards by using ViIA™ 7 Software. Viral load n the
supernatant from wells with treated cells were compared against viral load in supernatant from
DMSO contrel wells (3 3 per plate). In Table 4, concentrations of test compound cansing

reductions 1 viral load greater than at least 3 standard devigtions from the DMSO controls
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across all plates were considered active, with (+) depicting meets ¢riteria for significant activity,

and (++) depicting exceeds criteria.

Table 4
1 Test concentration
- Target .
Cun?pmmd # 1uM 3pM 10 pM
1 ++ -t
3 b 4od ot
E ++ 4
6 4 ot
7 + 4 ++
K 4 4+
10 + ++ ++
11 ++ At
15 ++ ++
16 4 e Fb
18 e -
23 + N -
24 g e
26 s o
27 44 A
28 ot Nt e
29 et - Arp
31 R e
32 ++ ++ ++
33 b ot ot
34 e e o
35 A b e
37 At At et
30 et et b
42 ++
{00163} While the wmvention has been disclosed 1 connection with the preferred

embodiments shown and described in detatl, various modifications and improvements thereon
will become readily apparent to those skilled in the art, Accordingly, the spirit and scope of the
present invention is not to be himited by the foregoing examples, but is to be understood in the

broadest sense allowable by law.
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EQUIVALENTS
{06164} Those skilled in the ant will recognize, or be able to ascertain using no more than
routine expernimentation, many equivalents to the specific embodiments of the mmvention

described heretn, Such equivalents are intended to be encompassed by the following claims,
INCORPORATION BY REFERENCE

[00165] The entire contents of all patents, published patent apphcations, websites, and
ather references cited herein are hereby expressly incorporated herein in their entireties by

reference.
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CLAIMS

We clamy:

1. A pharmaceutical composition comprising: (i} a compound of Formula 1 having the

structure:

7N MNH
s - JU— Q
( 1i{q {\m N N-8-X
&—N et B
RES

Formula 1

or a pharmaceutically acceptable salt or sterevisomer thereof, wherem;

X is selected from the group consisting of Y P and N/

qis0, 1,2, 3ord;

pis O, 1,2, 3, ord;

ris0, 1.2, 3, ord;

R is independently for each accurrence selected from the group consisting of -H, -Cy-
Cealkyl, ~Ci-Caalkoxy, -C-Coalkyl-0-C-Cialkyl, halogen, cyano, ~OH, -COWH, -COR’, -
COWNRNHR™), -CIONC-Cenlkyl, ~NRHRYY, -NO, ~NRYWAOW-Cralkoyl, ~S{0)-Cy-
Caalkyl, -NR YISO~ -Cralkyl, and -S{O)-N{RHR");

wis 0, or2;

R’ s independently for each occurrence selected from the group consisting of -H and -Cy-
Cralkyl;

R" is mndependently for each occwrrence selected from the group consisting of ~H and -
Uy-Coalkyl; or R and R” are taken together with the nitrogen atom to which they are agtached
to form a 4-7 membered heterocychic ving;

R® is independently for each occurrence selected from the group consisting of -H, -Ci-
Crallkyl, -C-Caalkoxy, ~C-Cealkyl-O-C-Caalkyl, halogen, cyane, -OH, ~C{OM, -COR’, -
COIN(R'HR™), -CONC-Cealkyd, -NRYWR™M, -NQ;, -NRHICOY-Cralkyl, -S{0)~Ch-
Cealkyl, ~-N{RYS{O),~C-Caalkyl, and ~S{O)~N{RKR™}; and

o
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R is selected from the group consisting of -H and -C,-Ceatkyl;
wherein U-Cealkyl or C-Cralkoxy may be independently for each occurrence optionally
substituited with one, two, or three halogeas; and
(11} a pharmaceutically acceptable excipient.
The pharmaceutical composition according to claim §, whereinpis 1
The pharmaceutical composition according to claim |, whereinp 18 2.
The pharmaceutical composition according to claim I, wherein the compound of Formala 1

1s represented by Formmla 1-A:

,f?ﬂTFNH R2t @22
Y/ o ¢
( lq a‘ N NGB :‘\ /\! 12
e N - T == {
RS R4 23

Formula 1-A;

or a pharmaceutically acceptable salt or stereoisomer thereof, wherein:

R¥ s independently for each ocenrrence selected from the group consisting of -H and
halogen;

R* is independently for each occurcence selected from the group consisting of -H, -Cy-
Cealkyl, -C-Cealkoxy, ~C-Cealkvl-O-Ci-Caalkyl, halogen, cvano, -OH, -C{(HH, ~CO:R’, ~
CIONRHUR™), -CIOXC-Caalkyl, -NRURY), NG, -NRICOW-Caalkyl, -SOW-Cy-
Cgallowl, ~“N{RIS{O~-C-Coatloyl, and -SO3~-NRYRY,

R™ is independemly for each occurrence selected from the group consisting of -H, -C)-
Cealkyl, -C~Cgalkoxy, -C-Cealkvl-0O-C-Cealkyl, halogen, cvano, -OH, -C{OH, -CO:R, -
CIOOMMNRHR™), -CIOYC-Cralbyl, -NR'NR, -NO;, -NRICOHC-Caalkyl, -S(0),-C;-
Cealkd, ~“N{RIS(O 3~ C~Coatkyl, and -S{O1-NRYRY: and

R* i5 independently for each occurrence selected from the group consisting of -H and
halegen;

R™ is independenily for each occurrence selected from the group consisting of -H, -Cy-
Cealkvl, -C-Chatkoxy, -Ci-Caatkv-0-C-Cealkyl, halogen, cvano, -OH, -C{OWH, -CO:R’, -
CIOM(RHR™), ~C{ONC-Calkyl, -NERURTY, NGy, -NRYC{OHC -Cratkyl, -S{O)~Cy-
Cralkyl, -NRIS{Oh-C-Cralloyl, and -S{O3-N{RHR"Y
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wherein C-Cealkyl or C;-Caalkoxy may be independently for each occurrence optionally
substituted with one, two, or three halogens.
The pharmaceutical composition according to claim 4, wheremn R andior RY is -HL
The pharmaceutical composition according to claim 4 or §, wherein R™ is selected from the
group consisting of H, -C-Cealkyl, -Cy-Cealkoxy, -C-Cealkyl-0O-C-Caalkyl, halogen,
eyano, -OH, -C{OH, -CO-R', -CIOM(RNWR™, -C{OC-Caalkyl, -N{RHR™, -NQ>, -
NRYC{OYC-Cralkvl, ~S(O)e-Ci-Cealkyl, -NRDIS(OW-Ci-Cralkvl, and ~S(O)~N(RHR"}.
The pharmaceutical composition according any one of claims 4-6, wherein R™ is
independently for each ocearrence selected from the group consisting of -H. -C-Cgalkyl, -
Uy-Cealkoxy, and halogen,
The pharmaceutical composition according to any one of claims 4-7, wherein R™ is selected
from the group consisting of H, ~C-Caalkyl, ~C-Cealkoxy, ~C-Uralkyl-0-C-Caallovt,
halogen, cyano, -OH, -C{OMH, ~COR’, -CHON(R IR Y, -C{OYC-Cealkyl, ~N{RWUR™), -NOs,
N{RYC(OYC-Calkyl, ~S{O)~Ci-Cralkyl, N{RIS{O - Cy-Coatlovd, and -S{O)-N{RHR"Y
The pharmaceutical composition according to any one of clairas 4-8, wherein RY is
independently for each ocaurrence selected from the group consisting of ~H, ~C-Cgalkyl, ~
{-Cratkoxy, and halogen.
The pharmaceatical composition according to any one of claims 49, wherein R™ is selected
from the group consisting of -H, -C-Cralkyl, «C-Caalkoxy, halogen, cyano, LR, -
N{RYC{OW -Cralkoet, “«CEOWNRYUR, ~CIONC-Cealkyl, and -N{RMR™).
The pharmacentical composition according to any one of claims 1-10, wherein R’ is selected
mdependently for each occarrence from the group consisting of -H, -C-Caalkyl, -Cy~

Cralkoxy, halogen, cvano, and -OH.

fedd

. The pharmaceutical composition according to any one of claims 1-11, whereinqis L or 2

. A pharmaceutical composiiion according any one of claims 4-11. wheremn the compouad of

Formula 1 is represented by Formula 1-B:

RQMNH FN g——(_{
RS
<Y >—
Rs Qz-a };32;

Formula 1-B
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or a pharmaceutically acceptable salt or stereoisomer thereof.
The pharmaceutical composition according to any one of claims 1-13, wherein R’ is selected
from the group consisting of -H, -CH;, -CHCHs, -CFy, -F, -C1, -Br, eyane, -OCH;, and -

OCF;.

. . ’ i . .. - . 33 . . “ s
. The pharmaceutical composition according to claim 4, wherein R™ 1s selected from the group

consisting of -H, -CHg, -F, and ~OCH:

The pharmaceutical composition according to any one of claims 4-13, wherein R™ is selected
from the group consisting of -H, -CHi;, -CHCH;, -CHCH2CHCH;, -CFs, -F, -Cl, -OH, -
OCH;, ~-OCHCH;, ~-OC(CH )z, ~OCHCHCHCH;, SNHg, -NHCH,, -NHCOYCH,;, -
NHC({OJCF;, -OCHF;, and -OCFs.

. The pharmaceutical composition according to any one of claims 1-16, wherein R is selected

from the group consisting of «CHy, <CH{CHz}s, -CH2CH2OH,, ~CFy, and -C{CH s

. The pharmacentical composition according to any one of claims 1-3, wherein R” is selected

from the group consisting of -H, -CH, ~CHCH;, <CF;, -F, -Cl, -Br, cyane, ~OCH;, and -
QCF;.

A method of treating, amehiorating, preventing, or substantially delaving a hepatitis B viral
mnfection in an individual, the method comprising admimistering to the individual a
pharmaceutical composition according to any one of claims 1-18.

Use of a compound of Formula 1, Formula 1-A, or Fornula 1-B according to any one of
claims 1-18 in the manufaciure of a medicament for the treatment of a hepatitis B viral

mfection.
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