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MODULATORS OF HECT ACTIVITY AND METHODS THEREKFOR

{8081} This application claims priority to our copending US provisional application with the serial

narsber 61/314798, which was filed March 17, 2010,

Field of the Invention

8002} The ficld of the invention is various compounds, compositions, and methods related to

modulation of activity of HEC1, particularly as it related to inhibition of tumor cell propagation.
Backeround

160603} While mechanisms associated with mitotic regulation are conceptually an attractive target
in attempts to redace tumor cell growih, compounds with high specific activity and selectivity and
desirable pharmacological profile have been elusive. For example, the spindle apparatus can be
targeted with spindle poisons (e.g., taxanes, vinca alkaloids, ete.} with relatively high activity, but
many spindle poisons are unacceptable for pharmaceutical intervention as such poisons are often

aon-specific.

[B004] To improve specificity of freatment, components for spindle and kinctochore regulation or
mitotic checkpoint control may be selected that have been shown to be functionally associated with
cancer. For example, Hecl is a critical component in spindle checkpoint signaling that is highly
expressed in cancer and belps assure correct segregation of chromosomes during cell division.
Hecl interacts with various other kinetochore components inchuding Nuf2, Spe 24, Spc2S§, and
Zwint-1, as well as with mitotic kinases Nek?2 and Aurora B. Overexpression of Hecl is common
among a large variety of cancers and cancer ccll lines, and can often serve as a prognostic marker in
rimary breast cancer and other cancers. Based on the apparent importance of Hecl in turor cell
wih, RNAL has been used to reduce Heel cxpression and shown considerable promise, at icast
in an anmimal model. However, in vivo delivery of siRNA with high specificity to the tumor is often

problematic.

{8005} More recently, various small molecule inhibitors have been developed that interfere with
the Nek2/Hecl interaction. Since NekZ is a regulatory component of Hecl in nitosis, abrogation
of the Hecl/Nek2 funclion was expected to result in chromosome mis-segregation and cell death.
Several promising corapounds bave been reported (sce J. Med. Chem., 2009, 52 (6}, pp 1757-1767,
Cancer Res. 2008 Oct 15;68(201:8393-9) that had significant cell killing activity and directly
targeted the Hecl/Nek2 pathway, This and all other exirinsic materials discussed herein are

incorporated by reference in their entirety. Where a definition or use of a term in an incorporated
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reference is inconsistent or contrary to the definition of that tero provided herein, the definition of
that term provided herein applies and the definition of that term in the reference does not apply.

However, while the observed activity was in at least some cases promising, problems associated

with solubility, toxicity, and relatively high balf-maximal inhibitory concentrations nevertheless

remained.

{B006] Thas, there is still a need for improved compounds, compositions, and methods for Hecl

inhibition, particularly as it relates to use of such compounds in the treatment of cancer.

Summary of The Invention

{8087} The inventive subject matier is drawn o various compounds, compositions, and methods
for Hecl inhibition, More particularly, contemplated compounds will inclode those according to
Formwla |
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Formula 1

[8008] where R', R% R?, R?, and R are described as further below. Further especially preferred
compounds will have a structure according to Forraulae | and IH {with respective radicals also

described in more detail below).
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Formuia [T Formula 111

{8009 In one aspect of the inventive subject matier, contemplated compounds are inhibitors of
Heel, and/or may be characterized as disrupting Hecl/Nek?2 interaction. Consequently, the
compounds presented herein are particularly suitable for use as therapeutic agents that disrupt the
mitotic pathway. Therefore, and viewed from yet another perspective, especially contemplated

compositions include pbarmaceutical corpositions that comprise one or more of conternplated
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compounds at a concentration effective to disrupt Hecl/Nek? binding in a paticnt when the

composition is administered to the patient.

{0016} Thus, in another aspect of the inventive subject matter, a method of distupting Nek2/Hecl

5
i

interaction is contemplated and will include a step of contacting a Nek2/Heel complex with one or
more compounds presented herein in an amount that is effective 1o disrupt Nek2/Hecl binding

While all manners of contacting are generally contemplated, it is typically preferred that the step of
contacting the MNek2/Heel complex is performed in vive in a mammal, and that the step of
contacting may also be performed in combination with an agent that interferes with microtubule

formation or degradation.

{60311} Various objects, featurcs, aspects and advantages of the inventive subject matter will

become more apparent from the following detailed description of preferred embodiments, along

&

with the accompanying drawing figures in which like numerals represent like components,

Brief Description of the Drawing

[B012] Figures 1A and 1B are tables illustrating the eytotoxic effect of sclected compounds on

tumor cells (1A) and normal cells (18).

{6013} Figures 2A-2D are photographs of western blots depicting disruption of Heel/Nek2

interaction (2ZA, 2B}, NckZ degradation (2C), and Nek?2 instability {213} caused by sciected

compounds.

10014} Figure 3 is a table illustrating percentage of mitotic cells affected by contemmplated

compounds,

[B0 15} Figure 4 is a table illustrating high specificity of contemplated compounds with respect to

protein kinases.

{8016} Figures 5A and 5B are graphs depicting i vive effect of selected compoands on tumor

<

volaome in nude nice.

Detatled Descrintion

Contemplated Compounds

(8]
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{8817} The inventors have discovered that certain compounds according to Formula | can be
prepared and have advantageous properties as moieties that interfere with Hecl. Particularly
preferred compounds will include those according to Formula i

R! R2

)

N R
el D—NH
R4 S

5

Formula {

[8618] ¥n especially preferred aspects, RY is hydrogen, alkyl, alkenyl, alkynyl, alkoxy, aryl,
halogen, nitro, cyang, cycloallcyl, heterocycloalkyl, cycloalkenyl, heterocycloalkenyl, OR,, SR,
NE Ry, =S{O)R., —S{ORNER,, —CIOR,, —CLONRGR,, -NRCIOR,, —-NRS(O):Re, -N=CR, R,
or ~NR,COYNHRy,; R and Ry are independently hydrogen, alkyl, alkenyl, alkynyl, arvl, aryloxy,
alkoxy, hydroxy, heteroaryl, cycloalkyl, heterocycloalkyl, cycloalkenyi, or heterocycloalkenyl, or
R, and Ry, together with a nitrogen atom to which they are bonded, are heteroaryl,
heteroeycloalkyl, or heterocycloalkenyl: R, B, and R” are independently hydrogen, C;-Cy alicyl,
halogen, or OR,; and R is alkyl, phenylaikyl, heteroarylalkyl, phenvalkenyl, heteroarylalkenyl,
henyl, heteroaryl, heterocycloalkyl, or heterocyeloalkenyl; whercin cach of RERE R RY RO R,
and By are independently optionally substituted. Less preferred compounds inelude those where (1)
R'and R? are methy! and where RY is hydrogen, R® is not thiazolyl, N-methylimidazolyi, pyrazinyl,
pyridinyl, morpholinyl, phenyl, or dimethoxyphenyl; (i) where R', R?, and R are methyl, R” is not
thiazolyl, N-methylimidazolyl, pyrazinyl, pyridinyl, morpholinyl, phenyl, methoxyphenyl,
dihydroxyphenyl, hvdroxymethoxyphenyl, trifluoromethyiphenyl, or dimethoxyphenyl; and (1)

] 2 3 w3 ] i 5 :
where R'and R* are methyl and where R” is hydroxy! or methoxy, R® is not phenyl.

{0019} It is particularly preferred that R'is alkoxy, SR, OR,, or, -S(O)R,, that R, 18 allkyl or
optionally substituted aryl, that R, R, and & are independently hydrogen or Ci—Cy alicyl, and that
R’ is optionally substituted heteroaryl. Even more preferred compounds among those are
compounds where rR'is alkoxy, SR,, OR,, or, =S{O):R,, where R, i3 allyl or an optionally
substituted aryl, where R? and R* are C-Cs alkyl, and where R is optionally substituted {e.g.,
halogenated) pyridinyl. Most preferably, R' is OR,, wherein R, is optionally substituted aryl, R?

and R* are C,—C alkyl, and R® is an optionally substituted pyridinyl.

)

[8628] Consequently, and viewed from a different perspective, compounds are also preferred that

have a structure according to Formula I
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Formula IT

{0021} in which wherein X' and X? are independently H, alkyl, alkenyl, alkynyl, halogen, nitro,
cyano, cycloalkyl, heterocycloalkyl, cycloalkenyl, heterocycloalkenyl, OR,, NRRe, ~S{0ORR,,

5 =S{ORNRRs, “C{OR., —CHOINRR,, —NRLO(OIR,, —NRSORR,, -N=CRR;, or
SNRLC{OWNHR,,; Y is CH,, CHR,, CRLR,, O, NH, NR,, 8, 80, or 80,; R, R?, and R are
independently H, alkyl, alkoxy, or halogen; nis 0, 1, or 2; and in which A is an optionally
substitoted aryl or an optionally substituted hetervaryl, and most preferably a compound as shown

below

Ra

®- J 1, O 1O

4\

.

10
[#022] wherein each of X' and X7 is independently optionally substituted, and wherein R, and Ry
are independently R,. Among such compounds, it is further preferred that Y is G, 5, or 506, and/or
that A is an optionally substituted pyridinyl. Most typically, X' and X* in such compounds will be
independently H, alkyl, and alkoxy, and n is 0 or 1. With respect io remaining radicals, the same
15 considerations as provided for Formula I apply.

{6623} Stll turther preferred compounds have a stracture according to Formula TH
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X1 Y. R1
0]
2 )n

X N
2|l D—NH
R3 S
Formula

{8024} in which wherein X', X%, and X are independently H, alkyl, alkenyl, alkynyl, halogen,
nitro, cyany, cycloallvl, heterocycloalkyl, cycloalkenyl, heteroeycloalkenyl, OR,, NRR,,

5 —BORR, —SORNRLR,, —CIOR,, “C{OMNR R, —NRLC(O)R,, —NRLS{ORR,, -N=CR Ry, or
SNRLC{OWNHR,,; Y is CH,, CHR,, CRLR,, O, NH, NR,, 8, 80, or 80,; R, R?, and R are
independently H, alkyl, alkoxy, or halogen; »ni8 0, 1, or 2; wherein cach of X and X% is
independently optionally substituted; wherein R, and R, is independently R, and in which A and
Het are independently and preferably an aromatic and optionally substituted aryl or heteroaryl.

10 Among other suitable choices, it is typically preferred that

R& R® R

and that

6
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[B025] With respect to remaining radicals, the same considerations as noted for Formula T apply.
Especially preferred compounds according to Fornmula H will include those in which A is an

optionaily substituted pyridinyl, and/or that Y 1s G, 5, or 5G,.

18026} In view of the above and further experimental data (see below), particularly preferred

compounds will have a structure as shown below
T
O — 0] —
| \>_NH \ / | \>_NH \ /
S S
o b F
o] —
o =
N N
| D—NH \ | »—NH \_
S S
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{8027} The term "alkyl” as used herein refers 1o a hydrocarbon radical, which may be straight,
cyclic, or branched. The term "alkenyl", refers to an alkyl having at least one double bond, Where

3

more than one dooble bond is present, it is contemplated that the double bonds may be conjugaled

o

as used berein refers to an alkyl baving at

1

icast one friple

it

or un-conjugated. The term "aliynyl",
bond. Contemplated alkynyls may further include another triple bond or double bond, which may
or may not be conjugated with the first triple bond. The term "allkoxy”, as used herein, refers to an

O-alkyl group, wherein the "alkyl” is defined as provided above.

{8028} A "cycloalkyl” as used herein refers to a non-aromatic monovalent monocycelic o
polyeyelic radical having from 3 to 14 carbon atons, cach of which may be saturated or
unsaturated, and may be un-substituted or substitated by ong or more suitable substituents as
defined herein, and to which may be fused one or more aryl groups, heteroaryl groups, cycloalkyl
groups, or heterocycloalkyl groups which themselves may be un-substituted or substituted by one
or more substituenis. Examples of cycloalky! groups include cyciopropyl, cycloheptyl, cyclooctyl,

cyclodecyl, cyvelobutyl, adamantyl, norpinanyl, decalinyl, norbornyl, cyclohexyl, and cyclopentyl.

8029} A "heterocycloalkyl” as used herein refers to a non-aromatic monovalent monocyelic o
polycyclic radical having 1-5 heteroatoms selected from nitrogen, oxygen, and sulfur, and may be

unsubstituted or substituted by on¢ or more suitable substituents as defined herein, and fo which

may be fused one or more aryl groups, heteroary! groups, cycloalky! groups, or heterocycloalkyl
groups which themselves may be un-substituted or substituted by one or more substituents.
Examples of heterocyeloallkyl groups include oxiranyl, pyrrolidinyl, piperidyl, tetralydropyran,

and morpholinyl.

I8038] An "arvl” (Ar) as used herein refers o an aromatic monoccyclic or polycyclic radical
comprising geverally between S and 18 carbon ring members, which may be un-substituied or
substitoted by one or more suitable substituents as defined herein, and to which may be fused one
or more cycloalkyl groups, heterocyeloalkyl groups, or heteroaryl groups, which themselves may

be un-substituted or substituted by one or more suitable substituents. Thus, the term "aryl group”
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includes a benzyl group (Bzl). Examples include phenyl, biphenyi, 1,2,3 4-tetrabydronaphthyl,

naphthyl, anthryl, and phenanthryl.

{3031} A "heteroaryl” as used herein refers to an aromatic monocyclic or polyeyelic radical
comprising generally between 4 and 13 ring members, including -5 hetercatoms selected from
nitrogen, oxygen, and sulfur, which may be un-substituted or substituted by one or more suitable
substitoents as defined below, and to which may be fused one or more cycloalkyl groups,
heterocycloalkyl groups, or aryl groups, which themselves may be unsubstituted or substituted by
one or more suitable substituents. Examples include thienyl, furanyl, thiazolyl, wriazolyl,
imidazolyl, isoxazolyl, oxadiazolyl, tetrazolyl, pyridyl, pyrrolyl, thiadiazolyl, oxadiazolyl,
oxathiadiazolyl, thiatriazolyl, pyrimidinyi, isoquinolinyl, quinolinyl, napthyridioyi, phthalimidyl,

benzimidazolyl, and benzoxazoiyl.

{80321 The term "heterocycle” or "heterocyclic™ as used herein refers to aromatic and
non-aromatic heterocyclic groups, typically with 4 to 10 atoms forming a ning, and containing one
or more heteroatoras (fypically O, 5, or N). Nov-aromatic heterocyclic groups include groups

1

having only 4 atoms in their ring system, but aromatic heterocyclic groups typically have at feast 5

atoms in their ring system. Examples of non-aromatic heterocyelic groups include pyrrolidiny,
tetrahydrofuranyl, tetrahvdrothienyl, tetrabydropyranyl, tetrahydrothiopyranyl, piperidine,
morpholine, thiomorpholino, thioxanyl, piperazinyl, azetidinyl, oxelanyl, thietanyl,
homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl, diazepinyl, thiazepinyl,
1,2.3,6-tetrahydropyridinyl, Z-pyrrolinyl, 3-pyrrolinyl, indolinyl, ZH-pyranyl, 4H-pyranyl,
dioxanyl, 1 ,3-dioxolanyl, pyrazolinyl, dithianyl, dithiolanyl, dihydropyranyl, dihydrothienyl,
dihydrofuranyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, 3-azabicyclof3.1.0Thexanyl,

3H-indolyl, and quinolizinyl.

6033} Examples of aromatic heterocyclic groups are pyridinyl, imidazolyl, pyrimidinyl,
pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furvl, thienyl, isoxazolyl, thiazolyl, oxazolyl,
isothiazolyl, pyrrolyi, quinolinyl, isoguinolinyl, indolyl, benzimidazolyl, is benzofuranyl,
cinnolinyi, indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyl, pteridinyl,
purinyi, oxadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl, benzothiophenyl, quinazolinyl,
benzothiazolyl, benzoxazolyl, quinoxalinyl, naphthyridinyl, and fwropyridinyl. Contemplated 4-10
mentbered beterocyeles may be C-attached or N-attached (where appropriate}. For instance, a

group derived from pyrrole may be pyrrol-i-yl {N-attached} or pyrroi-3-yl {C-attached).

{00341 As still further used herein, the term "substituted” as used herein refers to a replacement or

modification of an atom (radical} or chemical group {e.g., NH;, or OH) in a molecale with a
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functional group to produce a substituted molecule, and particularly conternplated functional
groups inchide nucicophilic groups {e.g., -NH,, <OH, -SH, -NC, etc.}, electrophilic groups (e.g.,
COYOR, C(O)OH, eic.), polar groups {e.g., -OH), non-polar groups (e.g., aryl, alkyl, alkenyl,
alkynyl, ete.), ionic groups (e.g., -NH; '}, and halogens (e.g., -F, -C), and all chemically reasonable
combinations thereof. For example, where the molecale is an alkyl, the replaced radical is a
hrydrogen radical, and the functional group 15 a hydroxy] group, the H-atont is substituted by an OH
group to form a substituted alkyl. In another example, where the molecule is an amino acid, the
owodified group is the amino group, and the functional group is an alkyl group, the amino group is

alkyiated to form an N-substituted amino acid.

{3035} For example, suitable substituents include halogen {chloro, iodo, bromo, or fluocro);
Cre-alkyl; Cig-allenyl; Cie-alloynyl, hydroxyl, Cie alkoxyl; aminge; nitro; thiol; thioether; iming;
cyano; amido; phosphonato; phosphine; carboxyl; carbonyl; aminocarbonyl; thiocarbonyl;
sulfonyl; sulfonamine; sulfonamide; ketone; aldehyde; ester; oxygen (=0); haloalkyl (e.g.,
trifluoromethyl); carbocyelic cycloalkyl, which may be munﬁcyclic or fused or non-fused
polycyelic {e.g., cyclopropyl, evelobutyl, cyclopentyl, or cyvelohexyl), or a heterocycloalkyl, which
may be monocyelic or fused or non-fused polycyclic (e.g., pyrrolidinyl, piperidinyl, piperazinyl,
morpholinyl, or thiazinyl}; carbocycelic or heterncyelic, monosyelic or fused or non-fused
polycyclic aryl (e.g., phenyl, naphthyl, pyrrolyl, indolyl, furanyl, thiophenyl, imidarolyl, oxazolyl,
isoxazolyvl, thiazolyl, triazolyl, tetrazolyl, pyrazoivl, pyridinyl, quinolinyl, isoquinolinyl, acridinyl,
pyrazinyl, pyridazinyi, pyrimidinyi, benzimidazolyl, benzathiophenyl, or benzofuranyl); amine
{primary, secondary, or tertiary); nitro; thiol; thioether, O-lower alkyl; O-aryl, arvi; arvl-lower
alkyl; CO,CH;5; CONH,y; OCHCONH,; NH,;, SOQuNH,;, OCHE,; CFy; OCF;; ote. §t should be
further noted that all substituents conternplated herein may further optionally be substituted by one
or more substituenis noted above. Especially preferred substituents include hydroxyl groups,
halogens, oxo groups, alkyl groups {and especially lower alkyl}, acyl groups, suifonyl groups,
mercapto groups, alkylthio groups, alkyloxyl groups, eycloalkyl groups, heterocycloalkyl groups,
aryl groups, heteroaryl groups, carboxyl groups, amino groups, alkylamine groups, dialkylamine
groups, carbamoyl groups, aryloxy! groups, heteroarvioxyl groups, aryithio groups, heteroaryithio

FUOUPS.

iy

{8036} Moreover, it should be appreciated that the compounds according to the inventive subject

matter may comprise one or more asymmetric centers, and may therefore exist in different

3

enantiomeric forms, and all enantiomeric forms of contemplaled compounds are specifically

e} 1
iy
1V

contemplated herein. Similarly, where contemplated compounds exhibit optical activity and/or

have sterecisomers, all optical activities and/or isomeric forms are contemplaled herein. Similarly,

10
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where double bonds distinguish a Z-form from an E-form (or cis- from frans-}, both isomers are
contermplated. Moreover, it is noted that the compounds according to the inventive subject matter

roay also be isotopicatiy-labeled. Examples of suitable isotopes “H, *H, “C, "¢, PN, #0 V0, I*F,
or *°Cl. Certain isotopicaily-labeled compounds of the inventive subject matter, for example those

3/

into which "“C or “H is incorporated, may be useful in drug and/or substrate tissue distribution
assays. On the other band, substitution with non-radicactive isotopes {e.g., "H or "*C) can afford
certain therapeutic advantages resalting from greater metabolic stability, for example inereased &

vivo hali-life or reduced dosage requirements and, hence, may be preferred in some circumstances.

80371 C Omump ated compounds may be prepared as pharmaceutically acceptable salt(s), which
especially include salis of acidic or basic groups which may be present in the conternplated
compounds, For example, where contemplated compounds are basic in natare it shoald be noted
that such compounds may form a wide variety of salts with various inorganic and organic acids.
Suitabie acids will provide pharmacelogically acceptable anions, including chioride, bromide,
iodide, nitrate, sulfate, bisulfate, phosphate, acid phosphate, isonicotinate, acetate, lactate,
salicylate, citrate, acid citrate, tartrate, pantothenate, bitartrate, ascorbate, succinate, maleate,
gentisinate, fumarate, gluconate, ghicaronate, saccharate, formate, benzoate, glatamate,
methanesulfonate, ethanesulfonate, benzencsuifonate, p-iolucnesulfonate, and pamoate
(1.1 -methylene-bis-(2-hydroxy-3-naphthoate}] anions. Similarly, where contemplated
compounds are acidic in nature, it should be noted that such compounds may {orm base salts with
arious pharmacologically acceptable cations, and especially suitable cations include alkali metal

r alkaline earth metal ions (e.g., sodium and potassium cations).

{8038} In still further conternplated aspects, the compounds presented herein may be prepared as
prodiugs, and all known manners and types of prodrugs are considered suitable for use herein, so
long as such prodrug will increase the concentration of the drug {or metabolite of the prodrug) at a
target organ, target cell, and/or Hecl. For example, where contemplated compounds have a free
arpine, arnido, hydroxy, thio, or carboxylic group, it is contemplated that such groups can be
employed to covalenily and releasably bind a moiety that converts the drug into a prodrug.

3

Therelore, prodrugs particularly include those in which contemplated compounds form an ester,
M Rl o

amide, or disuliide bond with another cleavable moiety. Such moieties may assist in organ or

cell-specific delivery of the drug and therefore particularly include recepior ligands and their

analogs, antibody fragmenis or other high-affinity ligands (Ka<10"M).

{8639} For instance, a carboxyl group can be derived to form an amide or alky! ester, which may

include an ether, amine-, and/or carboxylic acid group. Free hydroxyl groups may be derived using

11
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hernisuccinates, phosphate esters, dimethyiaminoacetates, and phosphoryloxymethyloxy-
carbonyis, as outlined in 3. Fleisher, R. Bong, B. H. Stewart, Advanced Drug Delivery 40 Reviews
{1996} 19, 115. Carbamate prodrugs of hyvdroxyl and amino groups are also included, as are
carbonate prodrugs and sulfate esters of hydroxyl groups. Deriving hydroxyl groups as
{acyloxy)ymethyl and (acyloxyjethylethers, wherein the acyl group may be an alky! ester (option-

ally substituted), or where the acyl group is an amine acid ester are aiso contemplated (prodrugs of

this type are described in R. P. Robinson et al., J. Medicinal Chemistry {1996) 39:p.10).

{8048} In still further contemplated aspects, it should be appreciated that the compounds according
to the inventive subject matter may also be active as a metabolite (of a prodrug or non-prodrag
forowy and that all of such metabolites are especially contemplated herein. For example, suitable
metabolites include hydroxylated forms, oxidized forms, glucuronidated forms, sulfated forms, ete.
Moreover, it is also noted that the metabolites may be more active that the originally administered

form.
Contemplated Compositions and Formulations

130641} Based on the activity of the compounds as Heel modulators, the inventors conternplate that
the compounds and compositions according to the inventive subject matter may be employed for
prophylaxis and/or treatment of various diseases associated with Heel dysfunction and/or
overexpression, and in fact for all diseases that positively respond to administration of
contemplated compounds. The term "dysfunction of Hec1" as used herein refers to any abnormality
in Heel, especially as it relates to its association with Nek? function and spindle checkpoint

N
111

signaling. Such abnormalities may be due to one or more of a mutation (e.g., increasing or
reducing affinity o a binding partner}, femporary ot permanent overexpression {e.g., activated by
inappropriate or mutated promoter), irreversible or tighter binding of an activator, inappropriate
activation by non-physiclogical molecule, eic. Consequently, particularly contemplated diseases
include neoplastic diseases, and especially cancerous neoplastic discases (e.g., breast cancer,
squamous cell cancer, bladder cancer, gastric cancer, pancreatic cancer, head cancer, neck cancer,
oesophageal cancer, prostate cancer, colorectal cancer, lung cancer, renal cancer, gynecological
cancer, or thyroid cancer). Non cancerous neoplastic diseases include benign hyperplasia of the

skin (e.g.. psoriasis) or prostate {e.g., benign prostatic hyperirophy (BPH}.

{8042} Therefore, the inventor also contemplates numerous pharmaceutical compositions that
include the compounds presented herein and it is gencrally contemplated that the compounds

according to the inventive subiect matter may be formulated into pharmaceutical compositions that
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have a therapeutically effective amournt of conternplated compounds {or pharmaceutically

accepiable salt, hydrate, or prodrug thereot), and a pharmaceutically acceptable carrier.

13043} Activity, toxicity, and other pharmacolegical and pharmacodynamic parameters can be
established for the compounds presented herein using numerous known protocols. Similari

15
1
i

cytoioxicity can be established via MTS assay in various cell lines, while disruption of Hecl- Nek2
interaction can be monitored via co-inmunaprecipitation or a yeast two-hybrid system. Cell cycle
analysis can be performed by monitoring various stage pepuiaticms {e.g., sub-G1, GO/GI, §, etc.),
and metaphase chromosomal misalignment quantitation can be performed using
immunofiuorescence methods well known in the art. /n vivo activity can be established using
various animal models, and especially xenograft models. Exemplary results are provided inthe
attached table and normalized data. Consequently, the inventors contemnplate a pharmaceutical
composition that includes a pharmaceutically acceptable carrier and conternplated compounds
herein wherein the compounds are present in a concentration effective to disrupt Heel/Nek2
binding in a patient when the composition is adminisiered to the patient. The inventors have also
discovered that maumerous compounds according to the inventive subject matter were binavailable
upon oral administration and could be detecied in serum over prolonged periods after oral

admunistration or intravenous {1.v.), administration {see below),

{8044} Most preferably, contemplated compounds are formulated with one or more non-toxic
pharmaceutically acceptable carriers, preferably formmulated for oral admivistration in solid or
liquid form, or for parenteral injection. Thus, it should be appreciated that pharmaceutical
compositions according to the inventive subject matter may be adminisiered to humans and other
animals using various routes, including orally, rectally, parenterally, intraperitoneally, vaginally, or

topically.

108045} For example, suitable pharmaceutical compositions for injection preferably comprise
pharrnaceutically acceptable sterile acueous or nonagqueous solutions, dispersions, emulsions, or
suspensions, as well as sterile powders for reconstitution into sterile injectable solations or
dispersions prior to use. Examples of suitable agueous and nonaqueous carriers, diluenis, solvents,
or vehicles include water, ethanol, polyols {e.g., glycerol, propylene glycol, polyethylene glyeol,
cic.), and suitable mixtures thereof, oils, and injectable organic esters {e.g., cthyl cleate).
Conteraplated compositions may also contain various inactive ingredients, jncluding preservatives,
wetting agents, emmulsifying agents, and/or dispersing agents. Sterility may be ensured by inclusion
of antibacierial and/or antifungal agents (e.g., paraben, phenol sorbic acid, chiorobutanol, etc.).

Where appropriate, osmotically active agents may be included {(e.g., sugars, sodium chloride, etc.).

i3
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[8046] Aliernatively, contemplated compositions may be formalated into solid dosage forms for
ral administration, and may therefore be capsules, tablets, pills, powders, and granules. In
preferred solid dosage forms, contemplated compound are mixed with at least one of a
pharmaceutically acceptable excipient or carrier {e.g., sodium citrate or dicalcium phosphate), a
filler or extender {e.g., starch, lactose, sucrose, glucose, mannitol, or silicic acidy, a binder {e.g.,
carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidone, sucrose, ete.), a humectant {e.g.,

4

glyceral), a disintegrating agent {e.g., agar-agar, calcium carbonate, potato or tapioca starch,
alginic acid, certain silicates, or sodiun carbonate}, a solution retarding agent {e.g., parafiin), an
absorption accelerator {e.g., quaternary ammonium conpound), a wetting agents {e.g., cety]
alcohol and glycerol monostearate), and absorbents {(e.g., kaolin, or bentonite clay), and a lubricant

{e.g., tale, calcium stearate, magnesium stearate, solid polyethyienc glycols, sodium laury] suifate).

{8047} Solid compositions of a similar type may also be employed as fillers in soft and hard-filled
gelatin capsules using such excipients as lactose or milk sugar as well as high molecular weight
polyvethylene glycols and the like. The solid dosage forms of tablets, dragees, capsules, pills, and

3

granules can be prepared with coatings and shel

5
i

s such as enteric coatings and other coatings well
known in the pharmaceutical formulating art. Contenplated compositions nay further be
formulated to release the active ingredient(s) only, or preferentially, in a certain part of the
iniestinal tract, optionally, in a delaved manner. Examples of embedding compositions which can
be used inchude polymeric substances and waxes. Contemplated compounds may also be in

micro-encapsulated form, if appropriate, with one or more of the above-mentioned excipients.

048] Liquid dosage forms for oral administration include pharmaceutically acceptable
enniisions, solutions, suspensions, syrups and elixirs. In addition to the active compounds, liquid
dosage forms may contain inert diluents commonly vsed in the art (e.g., water, or other solvent,
solubilizing agents), emulsifiers {e.g., ethyl alcohol, isopropyl aleohol, ethyl carbonate, ethyl
acetate, benzyl alcohol, benzy! benzoate, propylene glyenl, 1,3-butylene glycol, dimethyl
formamide), oils {and in particular, cottonsced, groundnat, corn, germ, olive, castor, and sesame
oils}, glyeerol, tetrabydrofurfary! alcohol, polyethylene glycols and fatty acid esters of sorbitan,
and mixtures thereof. Besides inert diluents, the oral compositions may also include adjuvanis such
as wetting agents, emulsifying and suspending agents, sweetening, flavoring, and perfuming

agents.

{8049} Compounds according to the inventive subject matter can also be administered in form of
liposomes, which may be unilamellar, sligolamelilar, or polylamellar, Conternplated compositions

v liposome form may further contain stabilizers, preservatives, excipients, ete. Preferred lipids for

14
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liposone formation include phospholipids and the phosphatidyl cholines {(iccithing), both natural
and synthetic. Methods to form liposomes are known in the art. See, for example, Prescott, Ed,,

Methods in Cell Bilology, Volume X1V, Academic Press, New York, NUY. (1976), p. 33 et seq.

3

{8058} Actual dosage levels of contemplated compounds in pharmaceutical compositions
according to the inventive subject matier may be varied so as to obtain an amount of contempiated
compound(s) that is effective to achieve the desired therapeutic response for a particular patient,
composition, and mode of administration. Thus, the selected dosage level will depend upon various

1

factors, including the activity of the particular compound, the route of administration, the severity
of the condition being treated, and the condition and prior medical history of the patient being
treated. However, it is within the skill of the art to start doses of the compound at fevels lower than
required to achieve the desired therapeutic etfect and to gradually increase the dosage until the
desired effect is achieved. Generally, dosage levels of about 0.01 mg to about 500 mg, more
preferably of about (.5 mg to about 50 mg of contemplated compound per kilogram of body weigh
per day are administered orally {o 2 mammalian patient. If desired, the effective daily dose may be
divided into multiple doses for purposes of administration, e.g., two to four separate doses per day.
Theretore, contemnplated formulations especially inchude those suitable for oral administration,
parenteral administration, for adounistration as cream, or as eye-drops or other liguid topical

formulation.

1
b
¥

{8051} Furthermore, prelinminary data showed that various Heel inhihitors, exhibited synergistic
effect with selected chemotherapeutic inhibilors. Among other chemotherapeutic inhibitors,
compounds including Taxol, vincristine, and vinblastine showed synergistic effect, and are also
expected o have synergistic effect with respect to tubulin formation or polymerization inhibitors,
as well as pretubulin inhibitors. Thus, suitable chemotherapeutic inhibitors especially include one
or more drugs that interfere with microtubule formation or degradation. Therefore, any drnags that
atfect cell division and any anti-metabolites are deemed usefisl in combination with the Hecl
inhibitors contemplated herein. In contrast, anthracyclines {e.g., doxorubicin} were shown only to

have at most additive effect and no synergistic effect with Hecl inhibitors.

166521 1t should still further be appreciaied that contemplated pharmaceutical compositions may
also include additional pharmaceutically active compounds, and especially contemplated
additional pharmaceutically active compounds include antineoplastic agents, which may act on
DNA replication, cell eycle, cell metabolism, angiogenesis, or induce apoptosis. Further suitable

15
1
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active agents include immum}lcgi sally active agents {e.g., anti-inflammatory agents,

immunosuppressants, steroids, interferons (alpha, beta, or gamma} and fragments thereof, and
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those molecules that selectively increase or suppress Thi and/or Th2 cyiokine expression). Still
other suitable active agents include antibacterial and antiviral agents, drugs that stimulate or
modify metabolism, newologically active drugs, and/or analgesic drugs. Of course, it should be
recognized that additional pharmaceutically active compounds may be included in the same
pharmaceutical composition, or may be administered separately, and a person of ordinary skill i
the art will readily determine schedule and route of suitable co-administration of the additional

pharmaceutically active compounds.
Examples/Experiments
Exemplary Synthesis of 4-Aryl-2-amidothiazoles

{8053} Contemplated 4-aryl-2-amidothiazole compounds can be prepared by numerous synthetic
routes, and the following is provided to give exemplary guidance only. While the below scheme

can be used to prepare most of the compounds presented hersin, other compounds may require

ied artisan.

-5
i

minor modifications top the general scheme that will be readily apparent to the ski

P
Ci G CuBry O thicurea
Al ————— —
AICH NTJ\ EtOAC AHJ\/Bf E{OH
A B
Art , o)
N RCOOH Art >\—
N\ ., T N R 4-Aryl-2-amidothiazoles
TS%NHZ COI, EtN \[\>—NH y
g
) E

{8054] The above scheme llustrates a method for the synthesis of 4-aryl-2-aminothiazoles K.
Aromatic compounds of structure A, including substituted benzene, pyridine, or other heterocyclic
compound (5-, 6-, or T-meembered) are reacted with acetyl chloride in the presence of AlCH to
afford acetylated arenes B. Bromination of B give e-Br-acetylated arenes €, which are allowed to
react with thiourea to generate aminothiazoles B with an aryl substituent at the C-4 position. The so

prepared anunothiazoles then react with different acids give the final 4-aryl-2-amidothiazoles E.

[8055] Acetylation of Ar':
0]

s 0

Ar'-H ——
Lewis acid Aﬂ)J\

X = OH, Cl, Br, OAlkyl, OAryl
Lewis acid = AICl3, ZnCls, BiCls, conc. acid

16
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§056] The acetyiation of fl’\fl can be achieved b\/ use of different reagents as shown in the above
Y 3 <
Scheme.

[#057] Bromination of Acetyl Ar':

0O bromination agent 0O

Ar1J\ Ar1)J\/Br

[3058] Suitable bromination agents include Bry, HBr, NBS, TBABr;, CuBrs, cic. in various

solvents, including ether, THF, halogenated hydrocarbons, esier, etc.

[8059] Amidation of Aminothiazoles;

AN RCOOH Al N O>_R
I \>_NH2 . | N—NH
IS coupling agent S>_
{88068} Saitable coupling agents include CD, EDC, CDC, elc.
Ar1 (@)
N RCOOX Ar’ >_
N R
N\
TS>_NH2 base \[ \>—NH
S

{8061} X is typically Clor Br; base is typically BN, MesN, DHPEA, KoCOs, NayCOs, DMAP, ctc.

Alternatively, 4-Arvl-2-amidothiazoles can be prepared as follows:

X
AR Br N Pd catalyst, phosphine
| * | \>_NH2 base

ArCOOH X

I coupling 0
agent N >—Ar

N
| D—NH, | D—nH
S S

X
=
X

(8062} Alternatively, coupling may also be performed as follows:

Q
A N 0 Et;N or DMAP ~ Ar' Ar2
T+ A — B
S 2 Cl” SAr? CH.Cl, S

{8063} To a solution of 4-aryithiazol-2-amine (1.0 equiv) 1o CH,Cl, was added tricthylamine (3.0

equiv} or DMAP (3.0 equiv) followed by aryloxy chloride (1.5 equiv) or aryloxychloride
hydrochloride (1.5 equiv). The reaction mixture was stirred at room temperature overnight. The

solution was concentrated under reduced pressure and added with hot water. The resultant
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precipitate was filtered, and dried under vacuum fo give the corresponding

4-aryi-Z-amidothiazoles. For specific examples of synthesis, see below.

Synthesis of Exemplary Aminothiczoles and the Related intermediates

O O
CuBrs

EtQAC
reflux

Br

16064] 2-Bromo-i-mesitylethanone, To a solution of 1-mesityicthanone {1.02 g, 6.27 mmol) in
EtOACc {50 mL) was added copper(31} bromide (CuBry, 2.85 g, 12.8 mumol). The reaction mixture
was heated at reflux for 90 min. The solution was allowed to cool down, and the resultant solids
were filtered off and washed with EtOAc. The filtrate was concentrated under reduced pressure to
give crude 2-bromo- 1 -mesitylethanone (1.67 g} as vellow oil: "TH NMR (500 MHz, CDCL) 8 6.87
(ZH,8),427{2H,8),231 {3 H,s),222{6 H, s).

O
Br thiourea ANg
EtOH N:(

NH,

[0065] 4-Mesityithiazel-2-amine, 2-Bromo-1-mesitylethanone (2.43 g, 10.1 mmol} and thiourea
(0.810 g, 10.6 mumol) were dissolved in 95% cthanol (20 mk.). The reaction muixture was heated at
reflux for 2.0 h. The solation was concentrated under reduced pressure, and the residue was
recrystallized from Z-propanol o give the desired 4-mesitylthiazol-2-amine (2.36 g) as white

solids: "H NMR (500 MHz, CD:0D) 8 7.00 (2 H, 5), 6.67(1 H, 5), 2.31(3 H, 8), 2.19 (6 H, s).

O
Br thlourea
EtOH \>_N H,

10066] 4-(p-Tolylithiazol-2-amine, A mixture of 2-bromo-1-{p-tolyDethanone (5.00 g, 23.5
mmol} and thicarea (1.97 g, 25.9 mmol} in 95% EtOH (33.5 mb) was heated at refhix for 60 min.
The solution was concentrated and added with water {50 mb.) and saturated agueous Na,CO; (1.0
mL}. The resultant precipitate was {iltered and washed with hot water. The solids were fillered and
dried ander vacuum fo give 4-(p-tolylthiazol-2-amine (4.40 g) as white solids in 99% yield: 'H
NMR (500 MHz, CDCL 8 7.66(4, J=80Hz 2 H), 718 (4, /= 7.5 He, 2 H), 6.66 (5, 1 H}, 5.25
{bs, 2 H), 2.36 (3, 6 H}.

iR
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Br  thiourea N
EtOH ’ S\>—NH2

18067] S-Methyl-d-(p-tolyljthiazol-2-amine. A mixture of 2-bromo-1-(p-telylpropan-1-one
{6.88 g, 300.3 mumol} and thiourea (2.54 g, 33.4 mumol} in 95% E1OH (43 mL} was heated at refhux
for 60 min. The solution was concentrated and added with water {100 mL) and saturated agueous
NayCCy (5.0 mL}). The resultant precipitate was filtered and recrystallized in toluene. The solids
were filtered and dried under vacuam to give 5-methyl-4~(p-tolylithiazol-2-amine (6.10 g) as white
solids in 99% yield: "H NMR {500 MHz, CI3C1;) 8 7.40 (d, /=8.0 Hz, 2 H), 7.23(d, J=R.0 Hz, 2
H), 3.18 (bs, 2 H), 2.37 (s, 3 H), 2.35 (s, 3 H).

0 0
TBABT;

—_—
CHCN Br

~o o

[8068] 2-Bromo-1-(4-methoxy-2 6-dimethylphenyllethanone. To a solation of
1-{4-methoxy-2,6-dimethyiphenyljethanone {5.7 g, 32 mumol} in acstonitrile (64 mlb) was added
tetrabutylammoniamtribromide (TBABn, 15.4 g, 32.0 mmol). The reaction was stirred at room
temperature for 830 min. The solution was concentrated under reduced pressure, added with water,
and extracted with ethyl acetate. The organic layer was washed with brine, dried over anhyvdrous
MgS04(s), and concentrated under reduced pressure to give
2-bromo-1-{4-methoxy-2,6-dimethylpghenyliethanone {9.14 g}, which was used directly for the

next step without further puritication.

o) MeO

thiourea

N
—_—
- Br EtOH | D—NH,
O S

[8069] 4-(4-Methoxy-2,6-dimethylphenyiithiazel-2-amine, A mixture of
2-bromo-1-{4-methoxy-2,6-dimethylphenylethanone (8.65 g, 33.6 ol and thiourea (2.56 g,
33.6 mmol} in 95% EtOH (48 mil) was heated at rellux for 60 min. The solution was concentrated
and added with waicr (50 mL) and saturated agqueous NapyCO; (3.0 mL). The resultant precipitate
was filtered and recrystailized in toluene (540 mL). The solids were filtered and dried under vacuum
to give 4-(4-methoxy-2,6-dimethylphenythiazol-2-amine (5.9 g) as white solids in 66% vield: 'H

NMR (500 MHz, CDCl) 8 6.61 (s, 2 H), 6.27(s, 1 H), 4.91 (bs, 2 H), 3.79 (s, 3 H), 2.15 (s, 6 H.

i9
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O 0O
| SN Br,, HBr | SN Br
—_—
N/ AcOH N/ HBr

{80781 2-Bromo-1-{2.4,6-trimethylpyridin-3-yDethanone hydrobromide, To a solution of
1-(2,4.6-trimethylpyridin-3-ylethanone (5.0 g, 30.6 mmol) in 33% HBr in acetic acid solution
{10.2 mL) was added bromine {(1.57 ml, 30.6 mmo!) in acetic acid (10.2 ml) dropwisely. The

5 reaction was stitred at 70 °C for 2.0 h. The solution was cooled to oom temperature and washed
with other. The residue was dried under reduced pressure to give
2-bromo-1-(2,4,6-trimethylpyridin-3-yiethanone hydrobromide, which was used directly for the

next siep without further purification.

0O
X Br thlourea |
L mer EtOH \>—NH2
N

(8071 4-2.4.6-Trimethylpyridin-3-yhithiazol-Z-amine. A mixture of

10

2-bromo-1-(2,4,6-trimethylpyridin-3-yiethanone hydrobromide (2.00 g, 27.9 mmol) and thiourea
(212 g, 27.9 mumol} in 85% EtOH (39.8 mL) was heated at reflux for 120 mun. The solution was
concentrated and added with water (50 mL) and saturated agqueous Na,COs (5.0 mb). The resultant

15 precipitate was filtered and recrystallized in toluene. The solids were filtered and dried under
vacuunt to give 4-{2,4,6-trimethylpyridin-3-vljthiazol-2-amine (3.80 g) as yvellow solids in 62%
yield: 'H NMR (500 MHz, CDCl3) 8 6.87 (s, 1 H), 6.31 (s, 1 H), 5.07 (bs, 2 H), 2.49 (s, 3 H), 2.38
(s, 3H),2.14 (s, 3 H).

]
TBABr3
L CH3CN L B
20 (@) r

16072] 2-Bromo-i-(d-ethoxy-2 6-dimethyiphenyliethanone. To a solution of
I-(4~ethoxy-2,6~-dimethylphenyhethanone (4.00 g, 20.8 mumol) in acetonitrile (41.6 mL) was added
tetrabutylammoniumtribronude (TBAB, 10.0 g, 20.8 nunol). The reaction was stirred at room
termperature overnight. The solution was concentrated under reduced pressure, added with water,

and extracied with ethyl acetaie. The organic layer was washed with brine, dried over anhydrous

N2
Lh

MgSQus}, and concentrated under reduced prossure to give
2-bromo- 1 -(4-ethoxy-2,0-dimethylphenylethanone (6.40 g}, which was used directly for the next

step without further purification.
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rO
thtour@a N
L EtOH l ;}—NHQ

[8073] 4-(4-Ethoxy-2,6-dimethylphenyiithiazel-2-amine. A mixture of
2-bromo-~1-{4-ethoxy-2 6-dimethyiphenyliethanone (6.35 g, 23.4 mmol) and thicurea (1.78 g, 23 .4
mmol) in 95% EtOH (33.5 mbL)} was heated at reflux for 60 min. The solution was concentrated and
added with water (50 mL) and saturated agueous NayCO; (5.0 mL). The resultant precipitate was
filtered and recrystallized in toluene (30 mbL}). The solids were filtered and dried under vacuum to
give 4-(4-ethoxy-2,6-dimethylphenyiythiazol-2-amine (4.18 g) as white solids in 72% yield: 'H
NME (500 MHz, DMBO-ds) 5 6.84 (s, 2 H), 6.60 (s, 2 H), 6.27(s, 1 H), 3.99(q, /=65H=z, 2 H),
206 (s, 6 HY, 131 (1, J=6.95 Hz, 3 H).

O O

T$,0

EtyN,CHCly
HO THO

[6074] 4-Acetyi-3,5-dimethylphenyi triflucromethanesuifonate. A solution of
I-(4~-hydroxy-2,6-dimethyiphenyliethanone (3.30 g, 20.1 mmol), triethylamine {4.07 g, 40.2
mmol} in anhydrous CHoCh (20,1 ml) was cooled to 0 °C, and then added with
trifluoromethavesulfonic anhydride (4.0 mb, 24 mmol) dropwisely. After the addition was
completed, the reaction mixture was warmed to room temperature and stirred for 1.0 h. The
solution was added with water and extracted with ethyl acetate (60 mb ). The organic layer was
separated, dried over MgSOu(s}, concentrated under reduced pressure. The residue was purified by
flash chromatography on silica gel to give 4-acetyl-3,5-dimethyiphenyl triflaoromethanesulfonate

(5.0 g} as yellow o1l in 85% vield.

PhB(OH),, Pd(OAc), O
(Cy)s, KF, THF

P ,
T O

{00751 1-(3,5-Dimethyl-{ 1,1 -biphenyi|-4-vlethanone. To a solution of
4-acetyl-3,5-dimethylpheny! trifluoromethanesulfonate (1.00 g, 3.38 mmol), KF (0.65 ¢, 11
ownol), and phenylboronic acid (0.49 g, 4.0 mmol) in THF (4.0 mL) was added
tricyclohexyiphosphine (11.4 mg, 0.04 mmol) and PA{OAc) (7.6 mg, .03 mmol). The reaction

mixture was stirred at room temperature for 5.0 h under No. The reaction muxture was filtered
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through a small pad of Celite, and the cake was washed with cthy! acetate (40 mL.). The filtrate was

concentrated under reduced pressure, and the residue was purified by flash chromatography on

sitica gel to give 1-(3,5-dimethyl-[ 1, "-bipheny!]-4-yDethanone (0.68 ) in 90% vield: "H NMR

(500 MHz, CDCL)Y 8 7.56 (4, J=8.0Hz, 2H), 744 {1, /=70 Hz, 2H), 7.35 (m, L H), 7.25 (s, 2 H),
52 (s,3H), 233 (5,6 H).

0
_ TBABr; O
Br
CH CN O

[8676] 2-Bromo-1~(3,5-dimethyi-|1,1-biphenylj-d-yhethanon. To a solution of
1-(3,5-dimethyl-{ 1,1-biphenyli-4-yijethanone (1.89 g, 8.43 mmol) in acetonitrile (16.9 mL) was
added tetrabutylanunoniuntribromide (TBABr, 4.07 g, 8.43 mumol). The reaction was stirred at
room temperature overnight. The solution was concenirated under reduced pressure, added with
water, and extracted with ethyl acetate. The organic layer was washed with brine, dried over
anhydrous MaSQOu(s), and concentrated voder reduced pressure to give
2-bromo-1-(3,5-dimethyl-[1,1-biphenyl]-4-ylethanone (3.2 g}, which was used directly for the

next siep without further purification.

O
thlourea
O Br EtOH
O \>—NH2

18077} 4-(3,5-Dimethyi-{1,1 -biphenylj-4-vi)thiazel-2-amine. A mixture of
2-bromo-1-(3,5-dimethyl-[ 1,1 -biphenyvi]-4-yDethanone (2.56 g, 8.44 mmol) and thiourea (0.64 g,
2.44 mmol) in 95% EtOH (12.1 rol.) was heated at reflux for 60 min. The solution was
concentrated and added with water (58 mL ) and saturated aqueous Na;CO; (1.0 mL}. The resaltant
precipitate was filtered and recrystallized in toluene (10 mi}. The solids were {iltered and dried
under vacuum to give 4-(3,5-dimethyi-[1,1-biphenyi]-4-yhthiazol-Z-amine {0.66 g) as yellow
solids in 28% vield: "H NMR (500 MHz, CDCI3 8 7.60(d, J =1 Hz, 2 H), 743 (1, =75 Hz, 1 H),
T32{m, 1 H), 725, 2H), 634 (s, 1 H}, 5.03 (bs, 2 H}, 2.24 (5, 6 H

0 0
CuCl,, 'BuNO

CHACN
H,N Cl

N
NS
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(8078} 1-(4-Chiore-2 6-dimethylphenylethanone. Anhydrous copper(E) chloride (98.9 g, 0.74
mol} was mixed with rers-butyl nitrite (94.8 g, 0.83 mol) in acctonitrile {1.02 L). The solution was
cooled to 0 °C and slowly added with 1-(4-amino-2,6-dimethylphenyliethanone {100 g, 0.61 nwol}
in a period of 5.0 min. After the addition was completed, the reaction mixture was warmed 1o room
termperature, and was poured into an agueous hydrochloric acid solution (20%, 1.0 L), The sclution
was extracted with BtOAc (800 mL), and the organic laver was separaied, washed with H,O (1.0

L), dricd over MgSQOy4 (s}, and concentrated under reduced pressure. The liquid was distilled to give

'i~(4—chiem-2,6—dim@thylphenyi)ethzmQne (85.0 g) as vellow oil in 76% vield: "H NMR {500 MHz,

CDCI3) 8 7.02 (s, 2 H), 2.45 (5, 3 H), 2.22 (s, 6 H).
0 0
TBABr,
CH5CN
cl cl Br

160791 2-Bremo-1-(d-chlore-2,6~dimethylphenyDethanone. To a solution of
I-(4-chloro-2,6-dimethyiphenyljethanone (5.0 g, 27 mmol) in acetonitrile (54.8 mL) was added
tetrabutylammoniumtribronude (TBABr, 13.2 g, 27.4 vwnol). The reaction was stirred at room
temperature overnight. The solution was concentrated under reduced pressure, added with water,
and extracted with ethyl acetate. The organic layer was washed with brine, dried over anhydrous
MgSQu(s}, and concentrated under reduced pressure to give
2-bromo-1-(4-chloro-2,6-dimethyiphenyDethanone (7.2 g), which was ased directly for the next

step without further purification.

(0]
thlourea
o Br EtOH \>—NH2

{0088} 4-(4-Chlore-2,6-dimethylphenyithiazol-2-amine. A mixture of
2-bromo-1-(4-chlore-2,6-dimethylphenylethanone {6.54 g, 25.0 mmol) and thiourea (1.90 g, 25.0
mmol) in 959% BtOH (35.7 mb) was heated at reflux for 60 min. The solution was concentrated and
added with water {50 mbL} followed by saturated aqueous Nap,CiO; (4.6 mL). The resultant
precipitate was filtered and recrystallized in toluene (30 mL). The solids were {iltered and dried
under vacuum to give 4-{4-chloro-2 6-dimethyiphenylithiazol-2-amine (4.30 g} as white solids in

73% vield: 'H NMR (500 MHz, DMSO-dy) 8 7.16 (s, 2 H), 6.43 (s, 1 H), 2.10 (s, 6 H).
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o o
TBABr;
HN CHCN  pN o
o o

(0081} N-(4-{2-Bromeacetyl}-3,5-dimethylphenviiacetamide. To a sohution of
N-{4-acetyl-3,5-dimethylphenylacetamide (5.00 g, 24.4 mynol) in acetonitrile (48,7 mL) was
added tetrabutylammoniumiribromide (TBABrs, 11.7 g, 24.4 mmol). The reaction was stirred at
room emperature overnight. The solution was concentrated under reduced pressure, added with
water, and extracted with ethyl acetate. The organic layer was washed with brine, dried over
anhydrous MgSOu(s), and concentrated under redoced pressure o give
N-{4-(2-bromoacetyl)-3,5-dimethylphenylacetanide (7.00 g}, which was used directly for the next

step without further purification.

O

/dk‘ _ thiourea HN
HN EtOH \(;;:N

| D>—NH
O S>_ 2

[0082] N-(4-{Z-aminothizzel-4-vi)-3,5-dimethyiphenyijacetamide. A mixture of

any
7
1

N~(4-( 2-bromoacetyl})-3,5-dimethylphenyliacetamide (7.34 g, 25.8 nunol) and thiourea (1.97 g,
3.9 mmol) in 95% EtOH (36.9 ml) was heated at reflux for 120 min. The solution was
concentrated and added with water (100 mL) and saturated agueous NapCO; (5.0 mb). The
resultant precipitate was filtered and recrystallized in tohuene (50 ml). The solids were filtered and
dried under vacuum to give N-<(4-{Z-aminothiazol-4-y1}-3.5-dimethylphenyliacetamide {5.83 g} as
yellow solids in 86% yield: "H NMR {500 MHz, DMSO-d;) 5 9.80 (s, 1 Hy, 7.26 {5, 2 H}, 6.90 (bs,

2H), 6.30 (s, 1 H), 2.06 (s, 6 1), 2.02 (s, 3 ).

G

TBABr,
—_—

CH,ON

16083] 2-Brome-1-(2,4,6-triisepropyiphenyljethanone. To a solution of
1-(2,4.6-triisopropylphenyhethanone (10,0 g, 65.3 mmol} in acetonitrile (31 mL) was added

tetrabutylammoniumtribromide {TBABm, 19.6 g, 40.6 mamol). The reaction was stirred at room
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temperature for 3.0 h. The solution was concentrated under reduced pressure, added with water,
and extracted with ethyl acetate. The organic layer was washed with brine, dried over anhyvdrous
MgS04(s), and concentrated under rechiced pressure to give
2-bromo-1-(2,4,6-triisopropyiphenyliethanone (13.2 ¢}, which was used directly for the next step

without further purification.
Br

thiourea
EtOH

N
| D—NH,
S

10084} 4-(2.4,6-Tritsopropyiphenylithiazol-2-amine. A mixture of
2-bromo-1-(2,4,6-tritlsopropyiphenylethanone (13.9 g, 42.7 mmol) and thiourea (3.24 g, 42.6
mmol) in 95% EtOH (60.9 mi) was heated at reflux overnight. The solution was concentrated and
added with water {100 mL), saturated aqueous NayCO; (10 mL}, and extracted with ethyl acetate.
The organic layer was washed with brine, dried over anhydrous MgS8Ou(s), and concenirated under
redaced pressure, which was purified by column chromatography on silica gel (33% EtOAc in
hexanes as eluant) to give 4-(2,4,6~iriisopropyiphenythiazol-2-amine (3.28 g) as white solids in
25% vield: "H NMR (500 MHz, CDCI3) 8 7.03 (5, 2 H), 6.22 (s, 1 H}, 4.75 (bs, 2 H), 2.89 (m., 1 H),
2.68 (m, 2 H}, 1.27-1.14 (m, 18 H).

O G

PhOH, PA(OAC),
. L
cl Bu, ] o
P KPP0,
By

[B085] 1-Q2,6-Dimethyl-4-phenoxyphenviethanone. To a solution of

1-{4-chloro-2,6-dimethyiphenyijethanone (4.50 g, 24.6 numol}, KPO, (16.5 2, 49.3 mmol), and
phenol {2.78 g, 25.5 mmol) in toluene {493 mL) was added 2-{di-feri-butylphosphino biphenyl
{221 mg, 0.74 mmol) and PA{OAc), (233 mg, 1.04 numol). The reaction was heated at 100 °C for
2.0 h under Ny, The solution was cooled to roonm teraperature and filtered through a small pad of
Celite. The cake was washed with ethyl acetate (50 mL) and the combined filtrate was concentrated
under reduced pressure. The residue was purified by flash column chronatography on silica gel o
give 1-{2,6-dimethyl-4-phenoxyphenyliethanone as a yellow wil in 68% yield: 'H NMR {500 MHz,
CRCI3¥8735{(, J=80H« 2 H), 712, J=75Hz 1 H},7.00(d, J=75Hz 2 H), 6.65 (5, 2 H},
248 (8,3 H), 2.22 (s, 6 H).

N2
[,
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TBABr3
., wo

{8086} 2-Brome-1-(2,6-dimethyi-4-phenoxyphenyljethanone. To a solution of
1-{Z,6-dimethyl-4-phenoxyphenyljethanone (3.6(} g, 15.0 mmol) in acetoniirile (30 mL) was added
tetrabutylamooniuntribromide (TBABn, 7.95 g, 15.0 mowl). The reaction was stirred af room
temperature overnight. The solution was concentrated under reduced pressure, added with water,
and extracted with ethyl acetate. The organic laver was washed with brine, dried over anhydrous
MgSO4(s), and concentrated under reduced pressure to give
2-bromo-1-(2,6-dimethyi-d-phenoxyphenyljethanone (4.8 g), which was used directly for the next

step without further purification.

O
th:ourea
@\ T Eon | N\>_NH?
S )

16087] 4-2,6-Dimethyl-4-phenoxyphenyiithiazol-2-amine. A mixture of
2-bromo-1-(2,6-dimethyl-4-phenoxyphenyliethanone (5.13 g, 16.2 mmol) and thiourea (1.24 g,
16.3 mmol) in 95% EtOH (23.2 mL) was heated at reflux for 60 min. The solution was
concentrated and added with water (50 mL) and saturated aqueous NayCOs (5.0 mL}. The resuitant
precipitate was filiered and recrystallized in tolaene (30 mb). The solids were filtered and dried
under vacuum fo give 4-(2,6-dimethyl-4-phenoxyphenylithiazol-2-amine {2.84 g} as yellow solids
in $9% vield: "H NMR (500 MHz, CDCL)Y 8 733 (4, J=7.5 Hz, 2 H), 7.26 (1, ./ = 7.5 Hz 1 H), 7.10
(d,/=73,2H)0672(,2H),0630(,1 H), 518 ¢hs, 2 H}, 2.14 (5, 6 H).

o)
_ TBABr;
)\ CH3CN o Br

[6088] 2-Bromo-1-(4-isopropoxy-2,6~dimethyiphenybethanone. To a solution of
1~{4-isopropoxy-2,6-dimethyiphenyljcthanone (4.3 g, 20.9 mmol} in acetonitrile (41.7 mL) was
added tetrabotylammoniumtribromide (TBABr,, 11.1 g, 22.9 mmol). The reaction was stirred at
room temperature overnight. The solution was concenirated under reduced pressure, added with
water, and extracted with ethyl acetate. The organic layer was washed with brine, dried over

anhydrous MgSOu(s), and concentrated under reduced pressure o give
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2-bromo-1-(4-isopropoxy-2,6-dimethylphenylethanone (5.9 g}, which was used directly for the

next step without further purification.

YO
_ thiourea N
)\ T Eon | D—nH;
3

[B08Y] 4-(4-Isopropoxy-2.6-dimethyiphenyijthiazel-Z-amine. A mixture of
2-bromo-1-(4-isopropoxy-2,6-dimethylphenyethanone (5.18 g, 18.2 mmol) and thiourea (1.38 g,
18.2 mmol) in 95% EtOH (26 ml.) was heated at reflux for 60 min. The solution was concenirated
and added with water (50 mL) and saturated aqueous NapCOs (5.0 mL). The resultant precipitate
was filtered and recrystallized in toluene (30 mL). The solids were filtered and dried under vacuum
to give 4-{4-isopropoxy-2.6-dimethyiphenylithiazol-2-amine {3.44 g} as yellow solids in 72.2%
yield: 'HNMR (500 MHz, CDCI33 3 6.60 (s, 2 H), 6.26 (s, 1 ), 4.97 (bs, 2 H), 4.54 (m, 1 H),2.13
(s, 6 H), 1.32{(d,J =61 Hz 6 H}.

0]
O\ /@i‘\ TBABF3
CH3CN o Br

{8090] 2-Brome-1-(4-(cyclopentyloxy}-2.6-dimethyiphenyljethanone. To a solution of
1-{4-(cyclopentyloxy)-2,6-dimethylpheny Dethanone (4.60 g, 19.8 mmol} in acctoniirile (39.6 mL)
was added tetrabutylammoniamtribromide (TBABn, 10.5 g, 21.8 mmol}. The reaction was stirred
at room temperature overnight. The solution was concentrated under reduced pressure, added with
water, and extracted with ethyl acetate. The organic layer was washed with brine, dried over
anhydrous MgS04(s), and concentrated under reduced pressure to give
2-bromo-1-{4-(cyclopentyloxy}-2,6-dimethyiphenylethanone (6.2 g), which was used directly for

the pext step without further purification.

(0]
<:|\ thlourea <:|/
o Br EtOH \>—NH2

(6091} 4-(4-(Cyclopentyiony)-2,6-dimethyiphenyljthiazol-2-amine. A mixture of
2-bromo-1-(4-(cyclopentyloxy)-2,6-dimethyiphenyljethanone (6.16 g, 19.8 mmol} and thiourea
(1.51 g, 19.8 nupol} in 95% EtOH (28.3 mL) was heated at rethux for 90 min. The solution was
concentrated and added with water (50 mL) and saturated aqueous Na,COs (5.0 mb ). The resultant

precipitate was filiered and recrystallized in tolaene (30 mb). The solids were filtered and dried

N
-3
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under vacvum o give 4-(4-{cyclopentyloxy)-2,6-dimsthylphenyhthiazel-2-amine {4.2 g) as white
solids in 73.7% vield: "H NMR (500 MHz, CDCL) § 6.58% (s, 2 H), 6.24(s, 1 H),4.75 (m, 1H), 243
(3,6 Hy, 1.88-1.78 (m, 6 H}, 1.62-1.59 (m, 2 H}.

¢ i
Bu, By
P

ipr

Y ipr O
+
ol OH PA(OAC),, KPO, 5

100921 1-(d-(4-Methoxyphenexy)-2,6-dimethyiphenyljethanene. To a solution of

1-{4-chloro-2,6-dimethylphenyhethanone (10.0 g, 54.8 mumol}, K:PO, (23.2 g, 110 numol)
4-methoxyphenol {3.16 g, 65.7 mmol) in toluene {(78.2 mL), was added
2-di-rert-Butylphosphino-2'.4".6'-iriisopropylbiphenyl (349 mg, 0.82 mmol), PAOAc), (259 mg,
1.15 numol), The reaction was heated at 100°C for 5.0 h under N». The solution was cooled to room
temperature and ltered through a small pad of Celite. The cake was washed with ethyl acetate (50
b)) and combined filtrate was concentrated under reduced pressure. The residuc was recrystaliized
in MeOH to give 1-(4-(4-methoxyphenoxy)-2.6-dimethylphenyl)ethanone (11.1 g} as white solids
in 75.0%: "H NMR (500 MHz, CDCL) 8 6.96 (m, 2 H), 6.88 (m, 2 H), 6.57 (s, 2 H), 3.81 (s, 3 H),
246 (s, 3 H), 2.20 (5, 6 H).

/@i& _ TBABr; (l)
\©\ CH3CN \©\

O
16093] 2-Bromo-1-(d-(4-methoxyphenoxy)-2,6~-dimethyiphenyhethanone. To 3 solution of
I-(4~{4-methoxyphenoxy)-2,6-dimethylphenyliethanone (3.80 g, 14.1 mmol) in acelonitrile (28.1
ml.} was added tetrabutylammoniumiribronide (TBABr;, 7.46 ¢, 15.5 mmol). The reaction was
stirred at room temperature overnight, The solution was concentrated under reduced pressure,
added with water, and extracted with ethyl acetate. The organic layer was washed with brine, dried
over anhydrous MgSO.(s), and concentrated under reduced pressure to give
2-bromo- 1 -(4-{4-methoxyphenoxy)-2,6~dimethylphenylethanone (5.25 g), which was ased

directly for the next step without further purification.
3 i

(0]
thlourea /©/ N
Br EtOH | ' S\>—NH2
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(8094} 4-(4-(4-Methoxyphenoxy}-2,6-dimethyiphenylithiazol-2-amine. A mixture of
2-bromo- 1 -{(4-{4-methoxyphenoxy)-2,6~dimethyiphenyllethanone (4.90 g, 14.0 nunol) and
thiourea {1.07 g, 14.1 mmol) in 95% EtOH (20.0 mi) was heated at reflux for 100 min. The
solution was concentrated and added with water (100 mL) and saturated agoeous NaCG; (5.0 mL).
The resultant precipitate was filtered and recrystallized in toluene. The solids were {iltered and
dried under vacuum to give 4-(4-{4-methoxyphenoxy)-2,6-dimethylphenylithiazol-2-amine (3.10
@) as yellow solids in 68% vield: 'H NMR (300 MHz, CDCI3) 8 6.98 (m, 2 H), 6.88 {m, 2 H), 6.64

(s, 2 H), 627 (s, 1 H), 5.40 (bs, 2 H), 3.81 (s, 3 H), 2.13 (s, 6 H).

tBl,l tBl,l
N /
P .

F
[8095] 1-(4-(4-Fluorophenoxy)-2,6-dimethyiphenylethanone, To a solution of

1 ~{4-chlore-2 6-dimethylphenyiicthanone {4.50 g, 24.6 mmol), K;P0Gy (10.5 g, 49.3 mmol),
4-fluorophenot (3.31 g, 29.5 mmol} in toluene (49.3 mL}, was added
2-di~zert-butyiphosphine-2',4".6' - triisopropylbiphenyl (314 mg, 0.74 mmol}, PAOAC), (233 mg,
1.04 mmol). The reaction was heated at 100 °C overnight under No. The solution was cooled to
room temperature and filtered through a small pad of Celite. The cake was washed with ethyl
acetate (100 ml), and combined filirate was concentrated under reduced pressure. The residue was
purified by flash column chromatography ou silica gel to give
1-{(4-(4-Flucropbenoxy}-2,6-dimethylphenylethanone {4.40 g) as yellow oil in 68% yield: 'H

NMR {500 MHz, CDCL) 8 7.03 (m, 2 H), 6.98 {m, 2 H), 6.60 (s, 2 FI), 2.47 (s, 3 ), 2.22 (s, 6 H).

CH3CN o
{60961 2-Bromo-1-{4-{4-fluorophenoxy)-2,6-dimethyviphenyhiethanone. To a solution of
1-{4-(4-fluorophenoxy)-2,6-dimethylphenylicthanone {(4.40 g, 17.0 mmol) in acetonitriic (34.%
mL} was added tetrabutylammoniumeribromide (TBABn, 9.04 g, [8.8 mmel). The reaction was
stirred at room temperature overnight. The solution was concentrated under reduced pressure,

added with water, and extracted with ethyl acetate. The organic layer was washed with brine, dried

over anhydrous MgS80,(s), and concentrated under reduced pressure o give
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2-bromo-1-{(4-{4-fluorophenoxy)-2,6-dimethylphenyhethanone (5.8 g}, which was used direct]

for the next step without further purification.

o) o)
F thiourea /©/
L R . N
Br EtOH , \>—NH2
o S

18097} 4-{4-(4-Fluorophenoxy}-2,6-dimethyiphenylithiazol-2-amine. A mixiure of
2-bromo-1-(4-{(4-flucrophenoxy )-2,6-dimethylphenyliethanone (5.74 g, 17.0 mmol) and thiourea
{1.30 g, 17.1 mmol} in 95% BtOH (24.3 mL) was heated at reflux for 60 min. The solution was
concentrated and added with water (100 mL) and saturated agueous NaCO; (5.0 mL). The
resultant precipitate was filtered and recrystallized in toluene. The solids were filtered and dried
under vacuum to give 4-(4-{4-fluorophenoxy)-2,6-dimethylphenviythiarol-2-amine {(4.50 g} as
vellow solids in 84% yield: THNMR (500 MHz, CDCI3) 5 7.05-6.97 (1n, 4 H), 6.66 (s, 2 H), 6.28
(s, 1 H),5.95{bs, 2H}, 2.14 (s, 6 H}.

0
_ TBABry
\( CH3CN \(
0

{6098 2-Brome-i-(4-isebutexy-2,6~-dimethylphenyhethanone. To a solution of
{~{4-isobutoxy-2,6-dimethyiphenyljethanone (4.3 g, 19.5 mmol) in acetoniirile (39 mL} was added
tetrabutviammoniumtribromide (TBABr, 9.41 g, 19.5 mmol}. The reaction was stirred at room
temperature overnight. The solution was concentrated under reduced pressure, added with water,
and extracted with ethyl acetate. The organic laver was washed with brine, dried over anhydrous
MgSOu(s), and concentrated under reduced pressure to give
I-(4~isobutoxy-2,6-dimethylphenyliethanone (6.1 g), which was used directly for the next step

without further purification.

O
thlou rea
N
\( EtOH | S—nmH,
S

10099} 4-(4-isebutexy-2,6-dimethylphenyijthiazel-2-amine. A mixture of

2-bromo- 1 -(4-isobutoxy-2,6~dimethylphenylethavone (5.84 g, 19.5 mmol) and thiourea {1.49 g,
19.6 mmol) in 95% EtOH (28 ml.} was heated at reflux for 60 min. The solution was concenirated
and added with water (50 mL) and saturated aqueous NapCOs (5.0 mL). The resultant precipitate

was filtered and recrystallized in toluene (30 mL). The solids were filtered and dried under vacuum

30
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to give 4-{d-] sebutexyn}_‘l,(sndimet‘nylphenyi)t‘niazoi~2~amine (4.4 £) as white solids in 82% yield: 'H
NMR (560 MHz, CDCI13)86.61 (5,2 H), 624 (s, L H), 3.70 (4, /=65 Hz, 2 H), 2.15 (s, 6 H), 2.07
{m, 1 H), 1.01 (d, /=67 Hz, 6 H).

t t
BU\ /BU
P .

O
o CL
Cl d(OAc), KsPO,

{00100] 1-(4-(Benroid]{1 3jdioxel-S-vioxy)-2,6-dimethyviphenyljethanone. To a solution of

0]

I-(4-chloro-2,6-dimethylphenyethanone (5.0 g, 27.4 mmol}, BP0y (11.6 g, 54.7 mmol}, sesamol
{4.54 g, 32.9 numol) in toluene (54.8 ml)}, was added
2-di~rert-butylphosphino-2'.4",6"-triisopropylbiphenyl {349 mg, 0.82 mmol), PA(OAc), {259 mg,
1.15 mmol). The reaction was heated at 100 °C overnight under N,. The solution was cooled to
room temperature and filtered through a small pad of Celite. The cake was washed with ethyl
acetate {50 mal) and combined filiratc was concentrated under reduced pressure. The residuc was
recrystallized in MeOH to give i-{4-(benzo[d][1,3]dioxol-5-yloxy)-2,6-dimethylphenyethanone
(4.50 g) as white solids in 62% yield: 'H NMR {500 MHz, CDCI3 5 6.77{(d, J=8.5 Hz, 1 H), 6.59
(s, 2H), 6.56¢(s, | H), 6.48 (m, 1 H}, 5.98 {3, 2 H), 246 {s, 3 H), 2.21 {5, 6 H).

/~0 0
_ TBABr; O
CH3CN o Br

{00101] 1-(4-(Benzoid}il,3jdioxol-S-vioxy)-2.6-dimethyiphenyl)-2-bromoethanone, Toa
solution of 1-(4-(benzofd}] 1,3 ]dioxol-S-yvloxy)-2,6-dimethylphenyliethanone {4.80 g, 16.9 mmol)
in acetonitrile (33.8 ml) was added tetrabutylammoniumiribronide (TBABr;, 8.14 g, 16.9 mumol).
The reaction was stirred at room temperature overnight. The solution was concentrated under
reduced pressure, added with water, and extracted with ethyl acetate. The organic layer was washed
with brine, dried over anhydrous MaSQOu(s}, and concentrated under reduced pressure to give

1~{4-(benzo[d][ 1,3 ]dioxol-S-yioxy)-2,6-dimethylpheny-2-bromoethanone {6.70 g}, which was

used directly for the next step without further purification.

Yot Q/Q
O th:ourec.
N
@\ /@i‘\ T EoH O\/o ; %:, Ny
5
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[00182]  4-{4-(Benzeld}{1,3]disxol-3-yioxy)-2 6-dimethyiphenyi)thiazel-2-amine. A mixture
of ~-{4-(benzo[d][1,3]dioxol-5-vioxy}-2,6~-dimethylpheny -2 -bromoethanone (6.13 g, 16.9 mmol)
and thiourea (1.29 g, 16.9 numol) in 95% EtOH (24.1 mL) was heated at refiux for 90 min. The
solution was concentrated and added with water (100 mL) and saturated agueous NaCG; (5.0 mL).
The resultant precipitate was filtered and recrystallized in toluene. The solids were {iltered and
dried under vacuum to give
4-{4-(benzo[d][1,3]dioxol-5-yioxy)-2,6-dimsethylphenythiazol-Z-amine (5.50 g) as yellow solids
in 96% yield: 'H NMR (500 MHz, CDCI3) 8 6.75 (d, ./ = 8.5 Hz, 1 H), 6.66 (s, 2 H)}, 6.58 (m, 1 H),
6.49 (m, 1 H), 6,28 (5, 1 H), 5.98 (s, 2 H), 5.05 (bs, 2 H), 2.13 (s, 6 H).

t t
BU\ /BU
P .

9 | | 0
+
Cl OH Pd(OAC)z, K3PO4

0]

[B0I03]  1-{4-(3,5-Dimethyiphenoxy)-2,6-dimethylphenyhethanoene. To a solution of
{~{4-chlore-2,6-dimethylphenyijethanone (5.0 g, 27.4 mmol), K3PO4 (11.6 g, 54.7 mmol),
3,5-dimethylphenol (4.01 g, 32.8 mimol) in toluene (54.8 ml.), was added
2-di~fert-butyiphosphine-2',4.6'-triisopropylbiphenyl {349 mg, 0.82 mmol), PA(CAc), (259 mg,
1.15 mmol}. The reaction was heated at 100 °C overnight under Na. The solution was cooled to
room temperature and filtered through a small pad of Celite. The cake was washed with ethy!
acetate {530 ml.} and combined filirate was concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel to give
1-(4-(3,5-dimethylphenoxy)-2,6-dimethyiphenyllethanone (6.3 g) as yellow solids in 86% yield:

'H NMR (500 MHz, CDCL) 8§ 6.76 (s, 1 ), 6.63 (s, 2 H), 6.62 (s, 2 H), 2.48 (s, 3 H), 2.29 (s. 6 H),

2.22 (5. 6 H).
0
_TBABry _
o CH3CN

[00104] 2-Brome-1-(4~(3,5-dimethyiphenoxy)-2,6~-dimethyiphenyhethanone. To a solution
of 1-{4-(3,5-dimethyiphenoxy}-2,6-dimethylphenyhethanone (6.30 g, 23.5 mmel} in acetonitrile
{47.0 mL} was added tetrabatylammoniomtribromide (TBABr;, 11.9 g, 24.7 mmol). The reaction

was stirred at room temperature overnight. The solution was concentrated under reduced pressure,
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added with water, and extracted with ethy! acetate. The organic layer was washed with brine, dried
over anhydrous MgSQu(s), and concentrated vnder reduced pressure to give
2-bromo-1-(4-(3,5-dimethylphenoxy}-2,6-dimethylphenybethanone (8.3 g}, which was used

directly for the next step without further purification.

O
ihiourea
. Br EIOH \>—NH2

130105} 4n(4n(3,5~,§}imethyﬁphengxy)-z,éndimethyiphenyi}thiambznamim. A mixture of
2-bromo-1-{4-(3,5-dimethyiphenoxy -2,6-dimethylphenyljethanone (8.15 g, 23.5 mmol) and
thicurea (1.79 g, 23.5 mmol} in 95% EtOH {33.5 ml) was heated at reflux for 120 min. The
sclution was concentrated and added with water (100 ml) and saturated aqueous NayCOs (5.0 mL).
The resultant precipitate was {iliered and recrysiallized in toluene. The solids were filtered and

ried under vacuum to give 4-(4-(3,5-dimcthylphenoxy}-2,6-dimethylphenvlithiazol-2-amine
(4.50 g) as yellow solids in $9% yield: 'H NMR (300 MHz, CDCI3) 8 6.76 (s, 1 H), 6.68 (s, 2 H),
6.64 (5,2 H), 6.26{s, 1 H}, 229 (s, 6 H), 2.16 {5, 6 H}.

t t
BU\ /BU
P .

/@\ ©\ d(OAc),, K3PO,

[80106]  1-(4-(3-Methoxvphenoxy)-2,6-dimethyiphenvhethanone. To a solution of

0]

1-{4-chloro-2,6-dimethylphenyhethanone (5.00 g, 27.4 mumol}, K:PO, (11.6 g, 54.7 mmeol),
3-methoxyphenol {(4.08 g, 32.9 munol} in tolucne (54.8 mL) was added
2-di-tert-butylphosphino-2'.4",6-triisopropylbiphenyl (349 mg, 0.82 mmol), PAOAc), (258 mg,
1.15 mmol). The reaction was heated at 100 °C overnight under Ny, The solution was cooled to
roorn temperature and filtered through a small pad of Celite. The cake was washed with ethyl
acetate {50 mL) and combined filirate was concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel to give
1-{4-(3-methoxyphenoxy)-2,6-dimethylphenyliethanone (5.4 2} as yellow oif in 73% yieid: H
NMR (500 MHz, CBCl3y 6 7.24 (m, | H), 6.68-6.66 {m, 3 H), 6.57-6.56 (m, 2 H), 3.79 (5, 3 H},
248 (s, 3 H), 2.22 (s, 6 H).
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801071 2-Bromo-1-{4-(3-methoxyphenoxy}-2,6~-dimethylphenyDethanene. To a solution of
I-(4~3-methoxyphenoxy)-2,6-dimethylphenyliethanone (5.40 g, 20.0 mmol) in acetonitrile (40.0
ol was added tetrabutylaramoniumiribronude {TBABr;, 16.1 g, 21.0 mnol). The reaction was
stirred at room temperature overnight, The solution was concentrated under reduced pressure,
added with water, and extracted with ethyl acetate. The organic layer was washed with brine, dried
over anhydrous MgSO.(s), and concentrated under reduced pressure to give

2-bromo- 1 -(4-3-methoxyphenoxy)-2,6~dimethyphenylhethanone (7.00 g), which was ased

directly for the next step without further purification.

- o)
thlourea
5 Br EtOH \>—NH2

[60108]  4-(4-(3-Methoxyphenoxy)-2,6-dimethyiphenylithiazol-2-amine. A mixture of
2-bromo-1-(4-3-methoxyphenoxy}-2,6-dimethylphenyliethanone (6.98 g, 20.0 mmol) and
thiourea (1.52 g, 20.0 mmol} in 95% EtOH (28.5 mL} was heated at refhix for 5.0 h. The solution
was concentrated and added with water (S0 ml) and saturated acuecus NapCO4 (1.0 mib), and
extracted with ethyl acetate {100 mi). The organic layer was washed with brine, dried over
anhydrous MgSOu(s), and concentrated under reduced pressure o give
4-{4-(3-methoxyphenoxy)-2.6-dimethyiphenythiazel-2-amine (4.30 g) as deep-brown oil, which

was used directly for the next step without firther purification.

t t
BU\ /BU
[= .

O

F3C iPr iPr F3C
+
cl OH Pd(OAc)y, K3PO, 0

{80199 1-2,6-Dimethyld-{4-(triflusromethyhphenoxyiphenylethanone, To a solution of

1-chlore-4-{triflucromethylbenzene (6.60 g, 36.6 mmol), KPP0, {12.9 g, 60.9 ramol},
[-(4-hydroxy-2,6-dimethyiphenyljethanone (5.00 g, 30.5 mmol} in toluene (60.9 mL} was added
2-di-tert-butylphosphino-2'.4",6-triisopropyibiphenyl (388 mg, 0.91 nunol) and PA(OAc), (288

mg, 1.28 nunel). The reaction was heated at 100 °C for 120 min under Nu. The solution was cooled
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to room temperature and filtered through a small pad of Celite. The cake was washed with ethyl
acetate {50 mL) and combined filirate was concentrated under reduced pressure. The residue was
purified by flash columo chromatography on silica gel to give
1-(2,6-dimethyl-4-{(4-(trifluoromethyliphenoxy)phenylethanone (1.8 g} as yellow oil in 19%
vield: 'HNMR (SOD MHz, CDCI3) 8 758 (d, J=85Hz 2 H),7.04(d, /=85 Hz, 2H}), 670 (5, 2
H}, 2.50{s,3 Hy, 2.25 (8,6 H}..

/f:il\ _TBABry  FiC
O

[60119]  2-Bromo-1-(2,6-dimethyb-4-(4-(triffuoromethyl}phenoxy)phenylethanone. To a
solution of 1-(2,6-dimethyl-4-(4-(trifluoromethylphenoxyiphenyliethanone (1.80 g, 5.834 mmuol)
in acetonitrile (11.7 ml) was added tetrabutylammoniumiribronide {TBABRr;, 2.82 g, 5.84 muimol}).
The reaction was stirred at room temperature overnight. The solution was concentrated under
redaced pressure, added with water, and extracted with ethyl acetate. The organic layer was washed
with brine, dried over anhiydrous MgSQu(s), and concentrated under reduced pressure to give

2-bromo-1-(2,6-dimethyl-4-(4-(irifluoromethylphenoxyiphenyliethanone (2.16 g), which was

used directly for the next step without further purification.

e} (0]

FsC thiourea /O/
FsC N
\©\ B DO | D—NH
O S

00111]  4-(2,6-Dimethyi-4d-(4-{triftuoromethvl)phenoxy)phenyljthiazol-2-amine, A
mixture of 2-bromo-1-{2,6-dimethyl-4-(4-{trifluoromethyDphenoxy jphenyilethanone (2.20 g, 5.68
mmol) and thiourea (.43 g, 5.68 mmol) in 95% EtOH (8.1 mb) was heated at veflux for 60 nun.
The sohution was concentrated and added with water (50 mL) and saturated agueous NaCO; (1.0
ml}. The resultant precipitate was {iltered and recrystallized in toluene. The solids were filtered
and dricd under vacuum to give
4-(2,6-dimethyl-4-{4-(trifluoromethyiphenoxyphenylihiazol-2-amine (1.30 g) as vellow solids
in 63% yield: 'H NMR (500 MHz, CDCI3) § 7.56 (4, J= 8.5 Hz, 2 H), 7.05 (d, J= 8.5 Hz, 2 H),
6.76 (5, 2 H), 632, 1 H} 5.03(s,2H), 217 {5, 6 H).
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B0112] 1-{4-(4-Ethylphenoxy)-2,6-dimethyiphenyilethanone. To a solution of

1-{ 4—@}1101'0-2,6-(‘;imethylphenyi)ethanone (5.0 ¢, 27.4 mumol}, KGPO, (11.6 g, 54.7 ramol),
4-cthylphenot (4.01 g, 32.8 mmol) in toluene (54.3 ml) was added

2-di-tert-butylphosphing-2' 4" 6 -triisopropylbiphenyl (349 mg, 0.82 munol} and PA(OAC), (259
mg, 1.15 mmol}). The reaction was heated at 100 °C overnight under N,. The solution was cooled to
room temperature and filtered through a small pad of Celite. The cake was washed with ethyl
acetate {50 mL) and combined filirate was concentraied under reduced pressure. The residue was
purified by flash column chromatography on silica gel to give
1-(4-{4-ethylphenoxy)-2,6-dimethylphenyl)ethanone (6.0 g) as yellow oil in §2% yield: "H NMR
(500 MHz, COCL 8717 (d, J=85Hz, 2 H}, 693 (d, /=85Hz, 2 H}, 663 (5,2 H), 2.64 (g, /=
TS Hz 2H), 247 (s, 3 H), 2.21 (5,6 H), 1.25(t, J=7.5Hz 3 H).

O
k@\ /ﬁ:ﬁ‘\ TBABF3 k@\ /@i‘\
CH CN
) 3

[#0113] 2-Bromeo-1-(d-{(4-cthylphenoxy}-2.6-dimethyiphenyDethanene. To a solution of
1-{4-(4-cthylphenoxy}-2,6-dimethylphenyijethanons (5.00 g, 22.4 vunol) in acetonitrile (44.7 ol }
was added tetrabutylammoniomtribromide (TBABr;, 10.8 ¢, 22.4 mmel), The reaction was stirred
at room temperature overnight. The solution was concentrated under reduced pressure, added with
water, and extracted with ethyl acetate. The organic layver was washed with brine, dried over
anhydrous Mg504(s), and concentrated under reduced pressure to give
2-bromo-1-(4-(4-ethyiphenoxy -2, 6-dimethylphenyliethanone (8.2 g), which was used directly for

the next step without further purification.

(0]
thlourea
o Br EtOH \>—NH 5

60114} 4-{4-(4-Ethviphenoxy)-2,6-dimethylphenyiithiazol-2-amine. A mixture of

2-bromo- 1 -(4-{4-ethyiphenoxy}-2 6-dimethylphenylethanone (7.70 g, 22.2 mmol} and thiourea
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(1.69 g, 22.2 mumol} in 95% E1OH (31.7 mL) was heated at reflux for 180 min. The solution was
concentrated and added with water (100 mL) and saturated aqueous NapCOs (5.0 mi). The
resultant precipitate was {iltered and recrystallized in toluene. The solids were filtered and dried
under vacuum to give 4-(4-(4-cthylphenoxy)-2,6-dimethylphenylthiarol-2-amine (6.30 g) as
vellow solids in 88% yield: "HNMR (500 MHz CDCLY 8 718 (d, J= 7.5 Hz, 2 H), 6,95 (d, J = 8.5,
ZHYL6.71(s, 2 H), 6.29¢s, 1 H),5.45(bs, 2H), 264 (q, /=75 Hz, 2H), 214 5, 6 H), 125 (1, J=
8.0 Hz, 3 H).

0 0
F TBABr3 F Br
———
~o0 CH;CN ~o
F F

(601151 2-Bromo-1-(3,5-difluere-4-methoxyphenyhethanone. To a CH;CON solution (56
ol containing 1-(3.5-difluoro-4d-methoxyphenyliethanone (5.0 g, 26.2 mmol, 1.0} equiv) was
added TBABr; (12.95 g, 26.9 numol, 1.0 equiv). The reaction mixture was stirred at room
temperature for 16 h. The solution was concentrated under reduced pressure, and the residue was
re~dizsolved in EtOAc (50 mL}. The solution was washed with satorated aqueocus NaHCG; (30
ml}, dried over MgSQy, and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel (2.0% EtOAc in hexanes as eloant) to provide
2-bromo-1-(3,5-difluoro-4~-methoxyphenylethavone (5.05 g, 19.0 mmol} as white solids in 71%

yield: 'H NMR (DMSO-d,, 500 MHz) 8 7.76-7.81 (m, 2 H), 4.91 (s, 2 H), 4.07 (s, 3 H).

0 F
thiourea
~o EtOH F \ N\>,NH2
F S

[80116]  4-(3,5-Diflusro-d~-methoxyphenyljthiazol-2-amine. A reaction mixture containing
2-brome-1-(3,5-difluoro-4-methoxyphenyliethavone (2.0 g, 7.5 numol, 1.0 equivy and thiourea
(0.57 g, 7.5 mmol, 1.0 equiv} in EtOH (20.0 mL} was heated at refhux for 3.0 h. The residue was
basified with saturated agueous NaHCO: (20 mL) and extracied with BtOAc (3 x 30 mbL). The
organic layer was separated, dried over MgSQ0u(s), and concentrated under reduced pressure. The
resultant solids were washed with hexanes to give
4-(3,5-difluoro-4-methoxyphenyijthiazol-Z-amine (1.54 g, 6.4 mmol) as white sohids in 84% yield:
PH NMR (DMSO-d6, 500 MHz) & 7.49-7.54 (o, 2 H), 7.12-7.14 (m, 3 H), 3.92 (5, 3 H); ESI-MS:
miz 243.0 (M + Hy"
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[#6117]  1-2,6-Difluors-<4-methoxyphenyljethanone, A mixture of aluminium chloride (10.0
2, 69.4 mmol, 5.0 equiv) and acetyl chioride (2.0 mL, 28 munol, 2.0 equiv) in CH:Cl, (50.0 mL)
was stirred at @ °C for 30 min. The reaction mixture was slowly added with
1,3-difluore-3-methoxy-benzene (2.0 g, 13.9 mmol, 1.0 equiv) in CHLCL, (10,6 mL), and the
resultant solution was stirred at room temperabure for additional 2.0 h. The solation was basified
with saturated aqueous NaHCO; (20 mlb) to pH 8-9. The organic layer was separaied, dried over
MgSOy4(s), and concentrated under reduced pressure, The residue was purified by column
chromatography on silica gel {15% BEtOAc in hexanes as eluant) at give
1~(2,6-difluoro-4-methoxyphenybethanone (1.5 g, 8.1 mimol) as yellow oil in 58% vield: 'H NMR

(CDCly, $00 MHZ) 8 6.46-6.48 (m, 2 H), 3.83 (s, 3 H), 2.56 (s, 3 H); ESI-MS: myz 187.0 (M + H)+.

F O oo
TBABr; Br
CHaCN
~o F ~o F

[00118] 2-Brome-1-{2,5-difluoro-4-methoxyphenyijethanone, A CH;CN solution (20 ml)
containing 1-{2,6-difluoro-4-methoxyphenyljethanone (1.5 g, 8.1 mmol, 1.0 equiv} was added with
TBABr; (3.88 g, 8.1 nunol, 1.0 equiv). The reaction mixture was stirred at room temperature for 16
h. The solation was concenirated under reduced pressure, and the residue was re-dissolved in
EtOAc {50 mL). The solution was washed with saturated agueous NaHCO, (30 ml), dried over
MgS0,, and concentrated under reduced pressure. The residuc was purified by column
chromatography on silica gel {2.0% EtOAc in hexanes as eluant} to provide
2-bromo-1-(2,5-difluoro-4-methoxyphenyliethanone {5.05 g, 19.1 mmol) as veliow oil in 84%

vield: 'H NMR (CDCls, $00 MHz) 8 6.50-6.52 (m, 2 H), 4.34 (s, 2 H), 3.85 (s, 3 H).

F O 0 F
Br thiourea N
N—NH
EtOH | )N
~o F F S
(801191 4-2.6-Diflnoro-4-methoxyphenyl)thiazel-Z-amine. A reaction mixture containing

2-bromo-1-(2,5-difluoro-4-methoxyphenylethanone (1.5 g, 5.7 mmol, 1.0 eguiv) and thiourea
(430.8 mg, 5.7 mumol, 1.0 equiv) io BtOH {15.0 mL) was heated at reflux for 6.0 b, The residae was

basified with saturated aqueous NaHCO; (20 ml.) and extracted with BtOAc (3 x 30 mL). The
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organic iayer was separated, dried over Mgl0.(s), and concentrated under reduced pressure. The
residue was purified by colurnn chromatography on silica gel {3.0% EtOAc in hexanes as eluant) to
provide 4-(2,6-difluoro~-4-methoxy-phenyl)-thiazol-2-amine {928.6 mg, 3.8 mnol) as white solids
in 68% yicld: 1HNMR (CIx}CI3, 500 MHz) 8 6.68 (s, 1 H}, 6.50-6.52 {m, 2 H}, 5.07 (brs, 2 H), 3.81
(s, 3 H); ESI-MS: my/z 243.7 (M + Hy+.

0 >
o
— » MO
NaOH W/\O
HO

[B0126] 1-4-(2-Hydroxvpropoxy-2.6-dimethyiphenyethanone, A pressure glass vessel
charged with 1-(4-hydroxy-2,6-dimethylphenyDethanone (500 mg, 3.1 mmol, 1.0 equiv) and
2-methyloxirane (.22 mE, 3.1 nunol, 1.0 equiv} in 50% agueous NaCOH solution {5.0 mml) was
stirred al 140 °C for 4.0 h. The mixtare was diluted with H-O (20 wmL)} and extracted with EiGAc.
The organie layer was collected, dried over MgSQOu(s), and concentrated under reduced pressure.
The residue was purified by colurnn chromatography on silica gel (30% EtOAc in hexanes as
clzant) to provide 1-{4-(2-hydroxypropoxyi-2,6-dimethylphenyDethanone (445.9 mg, 2.1 mmol)
as yellow oil in 66% yield: "H NMR (CDCls, 500 MHz) 8 6.57 (s, 2 H), 4.10-4.20 (brs, | H),
390-383 (m, 2 H), 375379 (o, 1 H), 2,45 (s, 3 H), 2.23 (5, 6 H), 1.25-1.28 (o, 3 H); ESEMS:
m/z 223.4 (M + H)Y".

O O

Br
TBABr;

_ =
HOY\O CH4CN Hoj/\o

[60123] 2-Bromeo-1-{4-2-hydrexypropexy}-2,6-dimethyiphenylethanone. Toa CHiCN
solution (6.0 md.) containing 1-(4-(2-hydroxypropoxy)-2,6-dimethyiphenyliethanone {445.9 mg,
2.0 mumol, 1.0 cquiv) was added TBABr; (967.3 mg, 2.0 munol, 1.0 equiv}. The reaction mixture
was stirred at room temperature for 16 h. The solvent was concenirated under reduced pressure, and
the residue was re-dissolved in EtOAc (50ral). The solution was washed with saturated aqueous
NaHCG; (30mL), dried over MgS04, and concentrated under reduced pressure.
2-Bromo-1-{4-(2-hydroxypropoxy)-2,6-dimethyiphenyliethanone (547.8 mg, 1.8 mamel) was
obtained as brown otl in 91% yield: 1H NMR (CDCl,, 500 MHz) 8 6.60 {5, 2 H), 4.25 {s, 2 H),
4.10-4.20 (brs, 1 H), 3.91-3.94 (m, 2 H), 3.79-3.80 (s, L H), 2.24 (5, 6 H}, 1.27-1.29 (i, 3 H).
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801221 1-(4-Q2-Aminsthiazol-4-v1)-3,5-dimethylphenoxy)propan-2-ol. A reaction mixiure
containing 2-bromo-1-(2,5-difluoro-4-methoxyphenyljethanone (547.8 mg, 1.8 mmol, 1.0 equiv)
and thiourca (138.5 mg, 1.8 mmol, 1.0 equiv) in EtOH (3.0 ml.) was heated at reflux for 16 h. The
solution was concentrated under reduced pressure, and the residue was re-dissolved in EtOAc (34
ml.). The solation was washed with saturated agueous NaHCO3 (30 ml.), dried over MgSO,, and
concentrated under reduced pressure. The residae was purified by colamn chromatography on
stlica gel {30% EtOAc in hexanes as eluant) to provide
1-{4-(2-anunothiazoi-4-y13-3,5-dimethylpbenoxypropan-2-01 (332.5 mg, 1.2 mumol) as yvellow oif
in 66% yield: 1TH NMR (CDCI3, 500 MHz) 8 6.62 (s, 2 H), 6.26 (3, | H), 4.95 (brs, 2 H}, 4.10-4.20
(brs, 1 H}, 3.91-3.94(m, 2 H), 3.75-3.79 (m, 1 H), 2.15(s, 6 H), 1.26-1.28 (m, 3 H); ESEMS: m/z
2797 (M + H)'.

7 Ho/\(\m

OH

HO MaCH HO (§)

OH

601231 1-4-Q2,3-Dihydrexypropoxy)-2,6-dimethyiphenvilethanone. A pressurc glass
vessel charged with 1-(4-hydroxy-2,6-dimethyiphenyliethanone (2.00 g, 12.2 mmol, 1.0 equiv)
and 3-chloropropane-1,2-diol (1.02 mil., 12.2 mumol, 1.0 equiv} in 50% aqueous NaQH solution
(20.0 mL)y was heated at 148 °C for 16 h. The mixture was diluted with H,O (20 mb ) and extracted
with E#3Ac. The organic layer was collected, dried over MgSOu(s), and concentrated under
recuced pressare. The residue was purified by column chromatography on silica gel (309 EtOAc
io bexanes as elvant) to provide 1-(4-(2,3-dihydroxypropoxy)-2,6-dimethylphenyhethanone (1.66
g, 7.0 mmol) as vellow oil in 57% yicld: HNMR (CDC;, 500 MHz) 8 6.57 (5, 2 H), 4.10-4. 11 {m,
I H), 4.08-4.00 (m, 2 H), 4.01-4.02 (m, 1 H), 3.74-3.75 (m, 1 H), 2.58-2.59 (brs, 1 H), 245 (s, 3
H), 2.23 ¢s, 6 H), 2.05-2.10 {(brs, 1 H); ESLI-MS: m/z 239.9 (M + H)'.

(@] (@]
Br
TBABr3
——
HO/Y\O CHCN HO/\/\O
OH OH
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[60124] 2-Bromo-1-(4-(2,3-dihydroxypropoxy}-2,.6-dimethyiphenyDethanone. To a
CHOCN solution (10.0 mL) containing 1-(4-(2,3-dihydroxypropoxy)-2,6-dimethylphenyethanone
(1.0 g, 4.2 oumel, 1.0 equiv) was added TBABr; (2.04 g, 4.2 mmol, 1.0 eguiv). The reaction
mixture was stirred at room temperatare for 16 h. The solution was concentrated under reduced
pressure, and the residue was re-dissolved in EtQAc {50 ml}. The solution was washed with
saturated agueous NaHCO; (30 ml), dried over MgS0y, and concentrated under reduced pressure.
2-Bromo-1-{4-(2,3-dibydroxypropoxy}-2,6-dimethyiphenyljethanone {741.9 mg, 2.3 mumol} was
obtained as yellow solids in S6% yield: 'H NMR (CDCls, 500 MHz) 3 6.60 (s, 2 H), 4.25 (s, 2 H),
400-4.11 (m, 1 H), 4.03-4.04 (m, 2 H), 3.82-3.85 (m, | H), 3.75-3.76 {m, | H), 2.24 (5, 6 H).

O OH

Br Ho A _0

thiourea
EtOH

N
HO O Ny
/j:}? \ S>/ ,

[B0125] 3-(4-(2-Aminethiazol-4-yi)-3,5-dimethyiphenexy)propane-1,2-dicl. A reaction
mixture containing 2-bromo-~1-{4-(2,3-dihydroxypropoxy)-2.6-dimethylphenyDethanone {741.9
mg, 2.3 mnol, 1.0 equiv) and thiourca {178.1 mg, 2.3 mmol, 1.0 equiv) in BtOH (16.0 mL} was
healed at retlux for 16 h. The solution was concentrated under reduced pressure, and the residue
was re~-dissolved in EfOAc (30 mL). The sohition was washed with saturated acqueous NaHCO, (30
ml}, dried over MgSQy, and concentrated ander reduced pressure. The residue was puorified by
column chromatography on silica gel (30.0% BtOAc in hexanes as eluant) to provide
3-{4-(Z-aminothiazol-4-y13-3,5-dimethylphenoxyipropane-1,2-diol (694.1 mg, 2.4 muvol) as
yellow solids in >99% yield: "HNMR {(CDCl;, 500 MH2) 8 6.76 (s, 2 H), 5.31-532 (m, 1 H),
399400 (m, 1 H), 3.79-3.87 (my, 1H), 3.78-3.79 (m, 1 H}, 3.43-3.44 (10, 2 H), 3.37 (brs, 2 H},
2.15 (s, 6 H); ESI-MS: m/z 295.6 (M + H)'.

0 O

0
AN
HO NaOH o

[80126] 1-(4-(2-Methoxyethoxy}-2,6~dimethyiphenylethanone. A pressurc glass vessel
charged with 1-(4-hydroxy-2,6-dimethylphenyliethanone (500 mg, 3.1 mmel, 1.0 equiv} and
{~chlorg-2~-methoxyethane (0.28 mb, 3.1 mmol, 1.0 equiv} in 50% agaeous NaOH solution (5.0
ml.} was heated at 140 °C for 16 h. The residuc was diluted with H,0 (20 mL) and extracted with
EtOAc (3 x 30 mL). The erganic layer was separated, dried with MgSQy, and concentrated under

redaced pressure (o give 1-{4-(2-methoxyethoxy)-2,6-dimethylphenyliethanone (430.9 mg, 1.9
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munol) as vellow oil in 54% yield: "H NMR (CDCI3, 500 MHz) 8 6.58 (5, 2 H), 4.09-4.10 (m, 2 H),

58 ¢
3.72-3.74 (m, 2 H), 3.44 (s, 3 1), 2.45 (s, 3 H), 2.23 (s. 6 H); ESL-MS: m/z 223.6 (M + H)".

o)

Br
TBABr3

_—

O
O 0 CH5CN ~T"0

[00127] 2-Bromeo-1-{4-(Z-methoxyethoxy}-2,6-dimethyviphenviethanone, To 2 CH;CN
solution (6.0 mL} containing 1-(4-(Z-methoxyethoxy)-2.6-dimethyiphenvlethanone (400 g, 1.8
mmol, 1.0 equiv) was added TBABr; (367.7 mg, 1.8 mmol, 1.0 equiv}. The reaction mixture was
stirred at room temnperatare for 16 h. The solation was concentrated under reduced pressure, and the
residue was re-dissolved in EtOAc (50 mL). The solution was washed with saturated aqueous
NaHCO3 (30 mL}, dried over MgSO4(s), and concentrated under recduced pressure.
2-Bromo-~1-{4-(2-methoxyethoxy}-2,6~-dimethylphenylicthanone (322.9 mg, 1.1 numol) was
obtained as yellow solids in 60% vield: H NMR (CDCly, 500 MHz) 8 6.61 (s, 2 H), 4.25 (s, 2 H),
4.09-4.11 (m, 2 H), 3.73-3.75 (m, 2 H), 3.45 (5, 3 H), 2.24 (5, 6 H).

* a0
B - O
r thiourea

N
/O\/\O EtOH \ S\>,N|_|2

[00128]  4-{4-(C-Methoxyethoxy)-2,6-dimethyiphenyijthiazol-2-amine, A reaction mixture
containing 2-bromo-1-{4-(2-methoxyethoxy)-2,6-dimethylphenylethanone (322.9 mg, 1.1 mowl,
1.0 equiv) and thicurea (81.61 mg, 1.1 mmol, 1.0 eguiv) in BtOH (3.0 mL} was heated at reflox for
16 h. The solution was concentrated under reduced pressure, and the residue was re-dissolved in
EtOAc {20 ml). The solution was washed with saturated agucous NaHCO; (30 ml), dried over
MgS0Qy, and concentrated under reduced pressure. The residue was purified by coluron
chromatography on silica gel (30% BtOAc in hexanes as cluant) fo provide
4-(4-2-methoxyethoxy)-2,6-dimethylphenyijthiazol-2-amine (281.0 mg, 1.0 munol) as yellow
solids in 94% vield: 'H NMR (DMSO-dy, 500 MHz) 8 6.76 (5, 2 H), 5.31-5.33 (o, | H), 4.09-4.11
(m, 2 H), 3.64-3.65 (m, 2 H), 3.30 (5, 3 H), 2.12 (5, 6 H); BSE-MS: m/z 279.7 (M + H)".

o) O

~
HO NaOH o0
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[80129] 1-{4-(3-Methoxyprepoxy)-2,6-dimethyiphenylethanone. A pressure glass vessel
charged with 1-{4-hydroxy-2,6-dimethylphenyhethanone (800 mg, 4.9 mowi, 1.0 equiv) and
1-chlora-3-methoxypropane (528.97 mg, 4.9 mumol, 1.0 equiv) in 50% aguecus NaOH solution
(10.0 mL) was stirred at 140 °C {or 16 h. The residue was diluled with H;0 (20 mL) and extracted
with BtOAe (3 x 30 mL). The organic layer was scparated, dried over MgS0.4(s), and concentrated
under reduced pressure to give 1-{(4-3-methoxypropoxy)-2,6-dimethyiphenyhethanone (987.8 mg,
4.2 mmol) as yellow oil in 86% yield: "H NMR (DMSG-ds, 500 MHz) 8 6.56 (s, 2 H), 4.02-4 04
{m, 2H),3.53-355(m,2H),3.36(s,3H,2.45(s,3H),2.23 (s, 6 H), 2.02-2.04 {m, 3H); ESI-MS:
m'z 237.7 (M + HY'.

TBABr; Br

—_—

SN0 CH3;CN ~NoTN"N0

[60138]  2-Bromo-1-(4-(3-methexypropexy)-2,6-dimethyiphenyljethanone. To a CHCN
solution {15.0 mb) containing 1-(4-CG-methoxypropoxy -2, 6-dimethylphenyhethanone (987.8 mg,
4.2 momol, 1.0 equiv) was added TBABr; (2.02 g, 4.2 ounel, 1.0 equiv}. The reaction mixture was
stirred at room temperature for 16 h. The solution was concentrated under reduced pressure, and the
residue was re-dissolved in BiQOAc (50 mbL). The solution was washed with saturated agueous
NaHCO; (30 mL), dricd over MgS0,, and concentrated under reduced pressure.
2-Bromo-1-(4-3-methoxypropoxy-2,6-dimmethyiphenylethanone (1.23 g, 3.9 mmol) was
obtained as yellow oil in 93% vield: "H NMR (CDCl;, 500 MHz) § 6.58 (5, 2 H), 4.24—4.35 (m, 2
H}, 4.03-4.05 (m, 2 H), 3.53-3.55 (m, 2 H), 335 (s, 3H), 2.24 (5, 6 H), 2.01-2.06 {m, 2 H).

Q OO

Br thiourea

N
EtOH N
o0 \ S>’NH2

[B0131]  4-(4-(3-Methoxyprepoxy)-2,6-dimethyiphenylithiazel-2-amine. A reaction mixture
containing Z-bromo-1-(4-(3-methoxypropoxy)-2,6-dimethylphenylcthanone (560.0 mg, 1.6
mmol, 1.0 equiv) and thiourea (126.8 mg, 1.6 mmol, 1.0 equiv) in BtOH (10.0 mL) was heated at
reflux for 16 h. The solution was concentrated under reduced pressure, and the residuc was
re-dissolved in BtOAc (50 mL}. The solution was washed with saturated agueous NaHC O, (30
ml), dried ovor MgSO,, and concentrated under reduced pressure. The residuc was purified by
cohurnn chromatography on silica gel {30% EtOAc in hexanes as eluant) to provide
4-{4-(3-methoxypropoxy)-2,6-dimethylphenyDthiazol-Z-amine (3289 mg, 1.1 mmol) as yellow

solids in 71% vield: 'H NMR (CDCls, 500 MHz) & 9.35 (brs, 1 H), 9.00 (brs, 1 H), 6.64 (s, 2 H),
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6.22{s,1 H),4.04—4.05 (o, 2 H),3.54-3.56 (m, 2H),3.37 (5,3 H), 2.19 (s, 6 H}, 2.03-2.06 {m, 2
H); BSE-MS mvz 293.8 (M + H)'.

ey 0
| Cu,0, KOH ©\s
DMF-H,O

[00132] 1-{2,6-Dimethyi-4-(phenyithio)phenvijethanone, A mixture of
1~{4-10do-2,6-dimethylphenylcthanone (1.5 g, 5.5 mmol, 1.0 equiv), benzenethiol (W60 ml, 8.2
mmol, 1.5 equiv), copperdd) oxide (39.2 mg, 1.3 vunol, 8.05 equiv), and potassin bydroxide
(614.1 mg, 11.0 mmol, 2.0 equiv) in DMF (4.4 mL} and H,G {1.7 mb) was heated at reflyx for 20 k.
The mixture was quenched with HyO (10 mb) and extracted with ether {2 = 20 mL). The organie
layer was collecied, dried over MgSOu(s}, and concentrated under reduced pressure. The residue
was purified by column chromatography onsilica gel (3.0% EiOAc in hexanes as e‘!uam) to provide
1-{2,6-dimethyl-4-(phenyithic)phenyhethanone (931 mg, 3.6 mmol) as yellow oil in 66% yield:
TH NMR{CD0D, 500 MHz) 8 7.34-735 (o, S H)YL 6.97 (5, 2 H}, 246 (5, 3 HY, 217 (5, 6 HY;
ESI-MS: m/z 257.0 (M +H)'.

_ TBABry Br
L, “oron
S

[B0133] 2-Brome-1-(2,6-dimethyl-4-(phenyithio)phenylijethanene. To a CH;CON sohition
(15.0 mL) containing 1-(2,6-dimethyi-4-{phenyithioiphenyijethanone (816.3 mg, 3.2 mmol, 1.0
equiv) was added TBABr (1.54 g, 3.2 mmol, 1.0 equiv). The reaction mixture was stirred at room
temperature for 16 h. The solution was concentrated under reduced pressure, and the residue was
re-dissolved in BtOAc (50 mL}. The solution was washed with saturated agqueous NaHC O, (30
ml), dried ovor MgSO,, and concentrated under reduced pressure. The residuc was purified by
cohunn chromatography on silica gel (3.0% EtOAc in hexanes as the eloant) to provide

2-bromo-1-(2,6-dimethyl-4-{phenylthio)phenylethanone (591.7 mg, 1.6 mowl) as vellow oil in

55% yield: "H NMR (DMSO-d,, 500 MHz) 4 7.36-7.42 (m, S H), 7.01 (s, 2 H), 4.75 (s, 2 H), 2.13

(s, 6 H).
O
Br thlourea ©/
@\ EtOH \ \>/NH2
S
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[00134]  4-(2,6-Dimethyi-4-(phenyithio)phenylithiazol-Z-amine. A reaction mixture
containing 2-bromo-1-(2,6-dimethyl-4-(phenylthio)phenybethanone (591.7 mg, 1.8 mmol, 1.0
equiv} and thiourea {134.3 mg, 1.8 nunol, 1.0 cquiv) in BtOH {(15.0 mL) was heated at reflux for 16
h. The solation was conecentrated under reduced pressure, and the residue was re-dissolved in
EtOAc {50 mL}. The solution was washed with saturated agueous NaHCO; (30 L), dried over
MgS0,, and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel {5.0% EtOAc io hexanes as eluant} to provide
4-(2,6-dimethyl-4-{phenyithio)phenythiazol-2-amine {483.7 mg, 1.6 mmol} as vellow solids in
§8% yield: "H NMR (DMSO-ds, 500 MHz) § 7.33-7.38 {m, 2 H), 7.29-7.33 {m, 3 H), 7.06 (brs, 2
H), 6.89 (s, 2 H), 6.38 (5, 1 H), 2.07 (5, 6 H); ESI-MS: m/z 313.8 (M + H)".

\©\S

IB0135] 1-(2,6-Dimethyl-d-(p-tolyithio)phenyljethanene. A mixture of

SH

Cu,O, KOH
DMF -H-0

{~{4-i0do-2,6-dimethylphenylethanone (1.5 g, 5.5 mmol, 1.0 equiv), 4-methyibenzenethiol (1.02
g, 8.2 mumol, 1.5 equiv), copper(l) oxide (39.2 mg, 0.3 mmol, 0.05 equiv), and potassium hydroxide
(614.1 mg, 11.0 mmol, 2.0 cquiv) in DMF (4.4 mL) and H,O (1.1 mb) was heated at reflux for 20 h.
The mixture was quenched with HyO (10 mb) and extracted with ether {2 = 20 mL). The organie
layer was collected, dried over MgSO.(s}, and concentrated under redoced pressure. The residue
was purified by coluran chromatography on sifica gel (3.0% E#3Ac in hexanes as eluant) to provide
1-(2,6-dimethyl-d-(p-telylthio)phenyl)ethanone (1.16 g, 4.3 mmol) as yellow oil in 79% yield: 'H
NMR{CD30D, 500 MHZ) 8 7.29(d, /=30 Hz, 2 H), 7.20(d, /=80 Hz 2 H), 6.85 (s, 2 H), 2.45
(8, 3H), 235{, 3H),2.15{s, 6 H); ESL-MS: mv/z 2718 (M +

TBABr3

S
[80136]  2-Bromo-1-(2,6-dimethyl-4-(p-tolylthio)phenyiethanene. To a CH;CN solution
(20.0 mL) containing 1-{2,6-dimethyi-4-{(p-tolylthioyphenyDethanone (1.0 g, 3.7 mmol, 1.0 equiv)
was added TBABr; (1.79 g, 3.7 mmol, 1.0 equiv). The reaction mixture was stirred at room
temperature for 16 h. The solution was concentrated under reduced pressure, and the residue was
re-dissolved in EtOAc (50 mL). The solution was washed with saturated aqueous NaHCO; (30
mL), dricd over MgSO,, and concentrated under reduced pressure. The residue was purified by

column chromatography on silica gel (3.0% EtOAc it hexanes as the eluant) fo provide
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2-bromo-1-(2,6-dimethyi-4-{p-tolvithio)phenyiethanone (394 .8 mg, 1.1 mmol) as vellow oil in
31% yield: "H NMR (DMSO-d,, 500 MHz) 8 7.33 (4, /= 8.0 Hz, 2 H), 7.25 (4, J = 8.0 Hz, 2 HD,
6.92(s, 2 H),4.76 (s, 2 H),2.32(s, 3 H), 2.11 (s, 6 H).

0]
Br thlourea /©/
\@\S EtOH \ \>/NH2

[00137] 4-2,6-Dimethyi-d-{p-tolyvithioiphenylthiazob-2-amine. A reaction mixiure
containing 2-bromo-1-(2,6-dimethyl-4-{p-tolylthiophenylicthanone (394.8 mg, 1.1 numol, 1.0
cquivy and thiourea (86.04 mg, 1.1 mmol, 1.0 equiv) in BtOH (10.0 mL) was heated at reflux for 16
h. The solution was concentrated under reduced pressure, and the residue was re-dissolved in
EtDAc (50 mb). The solution was washed with saturated aqueous NaHCO3 (30 mill), dried over
Mg80,, and concentrated under reduced pressure. The residue was purified by column
chromatography oo silica gel {5.0% EtQAc in hexanes as eluant} fo provide

4-(2 6-dimethyl-4-(p-tolyithio}phenylihiazol-2-amine (371.9 mg, 1.1 mmol) as yellow solids in
>99% yield: "H NMR (DMSO-dy, 500 MHz) 8 7.27 (d, /=80 Hz, 2 H), 721 (d, /=80 Hz, 2 H),
6.97 (3,2 H), 6.87 (5, 2 H), 6.36 (s, 1 H), 2.30 (s, 3 H), 2.05 (s, 6 H); ESE-MS: mv/z 327.0 (M + H)'.

el
S

[00138]  1-(4-(4-Methoxyphenyithio)-2,6-dimethyiphenyiethanone, A mixture of

S

Cu,0, KOH
DMF- H,O

1-{4-iodo-2,6-dimethylphenyllethanone (1.5 g, 5.5 nunol, 1.0 equiv), $-methoxybenzenethiol
{1.01 mi., 8.2 mmol, 1.5 equiv}, copper(l) oxide (39.2 mg, 0.3 mmol, 0.05 equiv), and potassium
hydroxide (614.1 mg, 11.0 mmol, 2.0 equiv) in DMF {4.4 mal) and H20 (1.1 ml.) was heated at
reflux for 20 h. The mixture was guenched with HaO (10 mb} and extracied with ether (2 = 20 mbL ).
The organic layer was collected, dried over MgSQOu(s), and concentrated under reduced pressure.
The residue was purified by column chromatography on silica gel {3.0% EtOAc in hexanes as
cluant) fo provide 1-(4-{4-methoxyphenylthio)-2,6-dimethylphenyllethanone (1.41 g, 4.9 munol} as
yellow oil in 90% yield: "H NMR (DMSC-ds, 500 MHz) 8 7.39(d, J = 8.5 Hz, 2 H), 6.96 (d,J=8.5
Hz, 2 H}, 6.79 (s, 2 H), 3.82 (5, 3 H), 2.43 (5, 3 H), 2.13 (5, 6 H); BRL-MS: m/z 287.6 (M + HY'.
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_TBABr; O
[60139] 2-Bromo-1-{4-(4-methoxyphenylthio)-2,6~-dimethyiphenyiiethanone. To a CH;CN
solution (20.0 mL) containing 1-(4-{4~-methoxyphenylthio}-2,6-dimethylphenyliethanone (1.0 g,
3.5 mmod, 1.0 equiv) was added TBABr; (1.684 g, 3.5 ramol, 1.0 equiv). The reaction mixtuyre was
stirred at room temperatare for 16 h. The solution was concentrated under reduced pressure, and the
residue was re-dissolved in EtOAe (50 mL). The solution was washed with saturated aqueous
NaHCO; (30 mL}, dried over MgSQOy, and concentrated snder reduced pressure. The residue was
purified by coluron chromatography oo silica gel {3.0% EtOAc in hexanes as eluant) fo provide
2-bromo-1 »(4— {4-methoxyphenylthio}-2,6-dimethylphenyliethanone (1.06 g, 2.9 mmol) as yellow
oil in 8§3% yield: "TH NMR (DMSO-ds, 500 MHz) 8 744 (d, J=8.7 Hz, 2H), 7.03(d, J=8.7Hz, 2
H), 6.83 (s, 2H),4.71 (5, 2 H), 3.80 (s, 3 H), 2.10 (5, 6 H).

0
_ thiourea__
/O Br lourea
. EtOH \ \>’NH2

i60140]  4-(4-(d-Methoxyphenylthio)-2,6-dimethyiphenylithiazol-2-amine. A reaction
mixture containing 2-bromo-1-{4-(4-methoxyphenylithio}-2,6-dimethyliphenyliethanone (1.06 g
2.9 mmol, 1.0 equiv) and thiourea (221.5 myg, 2.9 nunol, 1.0 equivy in EtOH (20.0 mL} was heated
at refhux for 16 h. The solution was concentrated under reduced pressure, and the residuc was
re~dizsclved in EtOAc (50 mb). The solution was washed with satorated aqueocus NaHCG; (30
ml}, dried over MgSQy, and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel (5.0% EtQAc in hexanes as claant) o provide
4-{4-{4-methoxyphenylthio)2,6-dimethylphenyhithiazol-2-amine {(890.9 mg, 2.6 munwl) as vellow

solids in 90% yield: 'H NMR (DMSO-dh;, SO0 MHZ} 57.40(d, J = 8.7 Hz, 2 H), 7.00 (d J=8.7 Hz,

20k S
O
i00141]  2-Bromo-1-{(4-(4-methoxyphenylsulfonyvi}-2,6-dimethylphenvliethanone, A

mixture of 2-bromo-1-(4-{(4-methoxyphenylthio}-2,6-dimethylphenylethanone (1.0 g, 2.7 munol,

1.0 equiv} and m-chioroperoxybenzoic acid (1.69 g, 6.8 mmol, 2.5 equivy in dichloromethane {10.0
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ol ) was stirred at roomt temperature for 16 b The solution was concentrated under reduced
pressure, and the residue was re-dissolved in EtOAe (50 ml}). The solution was washed with
saturated aqueous NaHCGO; (30 mil), dried over MgS0,, and conecentraied under reduced pressure
to give Z-bromo-1-(4-{4-methoxyphenyisolfony}-2,6-dimethyiphenyhethanone (1.09 ¢, 2.7
mmol} as white solids in >99% yield: HNMR {(CDCH, 500 MHz) 8 7.85-7.90 (m, 2 H), 7.57-7.60
{m, 2 H), 6.97-6.90 (m, 2 H), 421 (s, 2 H), 3.85 (s, 3 H}, 2.30 (s, 6 H).

O,
S
~ N
T EOH . Mo [ ),
S

[B0142]  4-{4-(d-Methoxyphenylsuifonyl-2,6-dimethylphenyDithiazol-2-amine. A reaction
mixiure containing 2-bromo-1-{4~{(4-methoxyphenyisulfonyl-2,6-dimethylphenyiethavone {1.33
g, 3.4 munol, 1.0 equiv) and thiourea (254.8 mg, 3.4 mmol, 1.0 equiv) in EtOH (5.0 mL) was heated
at reflox for 1.0 k. The solution was concentrated snder reduced pressure, and the residoe was
re-dissolved in EtOAc (50 mb). The solution was washed with saturated aqueous NaHCO; (30
mL}, dried over MgSO,, and concentrated under redaced pressure. The resultant solids were
washed with bexanes to give
4-(4-{4-methoxyphenylsuifonyi)-2,6-dimethylphenylthiazol-2-amine (8392 mg, 2.2 mmol} as

vellow solids in 65% vield: "H NMR {DMSO-~d;, 500 MHz) 8 7.89 (4, /= 8.9 Hz, 2 H), 7.61 (5,2
H) 7134, 7=89Hz, 2H), 6.95 (brs, 2H), 6.43 (5, L H), 3.83 (s, 3 H}), 2.16 (s, 6 H}; ESI-MS: vz
375.6 (M +H)'.

T 30% H,O 7
o F207
S silica gel

S
DCM O

[B0143] 2-Bromo-1-{4-(4-methoxyphenyisulfinyi})-2,6-dimethyiphenylethanone. A
mixiure of 2-bromo-1-(4-{4-methoxyphenvlthio)-2,6-dimethylphenylethanone (500.0 mg, 1.3
mmol, 1.0 equivy, acetic anbydride (.14 ml, 1.5 munol, 1.1 equiv}, 30% hydrogen peroxide (55.86
mg, 1.6 mmol, 1.2 equiv) and silica gel (273.75 mg, 230-400 mesh) in dichloromethane (10.0 mL)
was stirred at room temperature for 16 b, The solution was concentrated under reduced pressure,
and the residuc was re-dissolved in BtOQAc¢ (50 mL). The solution was washed with saturated
aqueous NaHCO; (30 mL), dried over MgSOy, and concentrated under reduced pressure to give

2-bromo-1-(4-{4-methoxyphenylsulfiny)-2,6-dimethylphenyDethanone (235.4 mg, 0.6 mmol} as
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pale- vellow oil in 48% yield: 'H NMR (DMSO-dy, 500 MHz) § 7.65 (d, /= 8.8 Hz, 2 H), 7.41 (s,
2 HY, 7.09 (d, /= 8.8 He, 2 H), 4.78 (s, 2 H), 3.79 (s, 3 H), 2.21 (5. 6 H).

(@]
thlourea S
\©\ EtOH \O N
L

[60144]  N-(4-(4-(4-MethoxyphenyisulfinyD-2,6~dimethyiphenyDthiazel-2-yDisonicotinami

Lh

de. A reaction mixture confaining
2-bromo- 1 -(4-{4-methoxyphenylsulfinyl)-2,6-dimethylphenyhethanone {235.4 mg, 0.6 mumol, 1.0
equiv) and thiourea {(47.0 mg, 0.60 ramol, 1.0 eqaiv) in BtOH (5.0 mL) was heated at reflux for 1.0
h. The solution was coneenirated under reduced pressure, and the residue was re-dissolved in
10 BiOAc (50 mL). The solution was washed with saturated aqueous MaHCO3 (30 ml), dried over
MegS0,, and concentrated under reduced pressure, The resultant solids were washed with hexanes
to give N-(d-(4-{4-methoxyphenylsulfinyly-2,6-dimethylphenylithiazol-2-yliisonicotinamide
kQ% 7 mg, 0.70 mmol) as yellow solids in >99% vield: "H NMR (DMSO-ds, 500 MHz) & 7.64 (d,
<89 Hz, 2H), 734 (5, 2H), 709 (1, /=89 Hz, 2 H}, 6.90 (bus, 2 H)Y, 6.39 (5, 1 H), 3.79(s, 3 H),
15 2.3 (s, 6 H); BSI-MS myz 359.0 (M + Hy .

thiourea N
Br  EtOH | HNH
O S
i60145]  5-Methyl-4-phenyithiazol-2-amine. A mixture of 2-bromo-1-phenylpropan-1-one
(3.00 g, 19.5 nunol} and thiourea (1.56 g, 20.5 nunol} in 95% EtOH (30 ml) was heated at reflux
20 for 60 min. The solution was concentrated and mixed with water (100 mL) and saturated aqueous
Na2C04 (5.0 mL}. The resuitant precipitate was filtered and recrystailized in tohuene. The solids
were filtered and dried under vacuum to give S-methyl-4-phenylthiazol-2-amine (4.07 g} as vellow
solids in 77% vyield: "H NMR (500 MHz, DMSO-d;) § 8.85 (5, 2 H}, 7.54-7.49 {m, 5 H}, 2.28 (5, 3
H).

CuBr, Br

EtOAc
MeO MeO

[#80146]  2-Bromo-1-(4-methoxyphenylipropan-1-one. To a solution of
1-{(4-methoxyphenylipropan-1-one (5.01 g, 30.2 mob) in EtOAc {120 mb) was added copper(i)

bromide {CuBr,, 13.6 g, 6.8 mmol). The reaction mixture was heated at reflax for 90 min. The
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solution was allowed to cool down, and the resultant solids were filtered off and washed with
EtAc. The filtrate was concentrated under reduced pressure to give crude
2-bromo-1-{4-methoxyphenylpropan-1-one (10.4 g) as vellow oil: 'H NMR (500 MHz, CDCL) 8
8.02{2H, m}, 6.96 (2 H, m), 5.28-53.25 (m, 1 H}, 3.89 (s, 3 H), 1.89(d, 3 H}.

MeO MeO

thiourea
Br EtOH \ N\>/NH2

O S
1601471 4-(4-Methoxyphenyi}-5-methylthiazel-2-amine. A mixture of
2-bromo-1-{4-methoxyphenylpropan-1-one {(10.4 g, 36.1 mmol) and thiourea (2.76 g, 36.2 mmol}
in 85% EtOH (70 mL) was heated at reflux for 60 min, The solution was concentrated and mixed
with water {100 ml.) and saturated aqueous Nap,COs (5.0 mL). The resultant precipitate was filtered
and recrystallized in toluene. The solids were filtered and dried under vacuum to give
4-(4-methoxyphenyl)-5-methylthiazol-2-amine (6.16 g) as yellow solids in 78% vield: '"H NMR
(500 MHz, DMSO-ds) § 3.90 (5, 2 H), 7.46-7.44 (m, 2 H), 7.05-7.07 (m, 2 H), 3.81 {5, 3 H), 2.47
{s, 3 H.

OMe O OMe O
CuBr, Br
——
EtOAc
MeO OMe MeO OMe

{00148] 2-Bromo-1-(2.4,6-trimethoxyphenyljethanone. To a solution of
1-(2,4,6-trimethoxyphenyhethanone (5.0 g, 23.3 mmol) in EiGAc (100 mL) was added copper(If}
bromide {CuBry, 10.4 g, 46.7 mamol). The reaction mixture was heated af reflux for 90 min. The
solution was allowed to cool down, and the resultant solids were filtered off and washed with
EtOAc, The filtrate was concentrated under reduced pressure to give crude
2-bromo-1-(2,4,6-trimethoxyphenyl}ethanone (2.70 g}
2-bromo-1-(2,4,6-trimethoxyphenylJethanone as vellow oil: 'H-NMR (500 MHz, CDCL} 8 6.11
{m, 2 H},4.36 (m, 2 H),3.86{(s, 3 H), 3.82 (s, 6 H).

MeO OMe
\(;E'(\ thlourea \Q/\E
N
EtOH N»—NH,
OMe \ s>/

OMe O

100149] 42 4,6-Trimethoxyphenvijthiazok-Z-amine, A mixture of
2-bromo-~1-{2.4,6-trimethoxsyphenylicthanone (2.49 g, 8.6 mmeol) and thiourea (.67 g, 8.7 mmol)

in 95% EtOH (16 ml.) was heated at reflux for 60 min. The solution was concentrated and mixed
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with water {100 ml) and saturated aqueous Na»COs (5.0 mL}). The resultant precipitate was filtered
and recrystallized in toluene. The solids were filtered and dried under vacuunt to give

4-(2,4 6-trimethoxyphenyithiazol-2-amine (1.75 g) as vellow solids in >99% vield: 'H NMR (500
MHz, DMSG-d;) § 9.060 (s, 2 H), 6.78 (5,1 H), 6.36 (s, 2 H3,3.84 (5,3 H}, 3.79 (s, 6 H).

0 MeO
CuBr,

_—

EtOAc Br
MeO o]

[00I53] 2-Bromo-1-{4-methoxyphenyljethanone. To a solution of
I~{4-methoxyphenylethanone (15.2 g, 0.10 mol} in BfOAc (250 mi} was added copper(dl)
bromide (CuBrn, 45.1 g, 0.20 mol). The reaction mixture was heated at reflux for 90 min. The
solution was allowed to cool down, and the resultant solids were filtered off and washed with
EtQAc. The filirate was concentrated under reduced pressure to give crude
2-bromo-1-{(4-methoxyphenylethanone (15.% g) as yellow oil: "H NMR (500 MHz, CDCl3) 8 7.9
{m, 2 H}, 6.97 (m, 2 H), 4.41 (s, 3H), 3.89 (s, 6 H).

O
thlourea Me
EtOH N
\ \>’NH2
S

301311 4-(4-Methoxyphenylipthiazol-2-amine. A mixture of

2-bromo-1-{4-methoxyphenylethanone {5.00 g, 21.8 mmol) and thiourea {1.72 g, 22.6 mmol) in

95% E1OH (40 mL) was heated at reflux for 60 min. The solution was concentrated and mixed wit
water {100 ml) and saturated agueous Na,{CUO; (5.0 mL). The resultant precipitate was filtered and
recrystallized in toluene. The solids were {iltered and dried ander vacuourm to give
4-{4-methoxyphenylithiazol-2-amine (5.24 g) as yellow solids in >99% yield: 'H NMR (500 MHz,
DMSGO-dg) 8772 (d, 2 H), 699 (5, 2 H), 6.92-6.91 {(m, 2 ), 6.82 (5, 1 H}, 3.76 (5, 3 H).

0 0
CuBr, Br
——
EtOAc
MeO OMe MeO OMe

601321 2-Bromo-1-(2 4-dimethoxyphenyilethanone. To a solution of
1-(2,4-dimethoxyphenyliethanone (10.0 g, 54.4 mmol) in EtOAc (220 mL) was added copper{ID)
bromide {CuBry, 24.3 g, 6.11 mol}. The reaction mixture was heated at reflux for 90 min. The
solution was allowed to cool down, and the resultant solids were filtered off and washed with

EtOAc, The filtrate was concentrated under reduced pressure to give crude
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2-bromo-1-(2,4-dimethoxyphenyDethanone (14.5 g) as yellow oil: 'H NMR (500 MHz, CDChL) &
791 (m, 2 H) 6.52 (m, 2H),4.57(s, 3 H), 3.98 (s, 3 H}, 3.85 (5, 3 H.

MeO
\QY\ thlourea \Q\EN
EtOH \y—NH,
OMe \ S>/

OMe O

[00153] 4-2,4-Dimethoxyphenylithiazol-2-amine. A mixtare of

2-brome-1-{2 4-dimethoxyphenyijethanone (14.5 g, 55.8 mamol) and thiourea (4.32 g, 56.7 mmol)
in 95% EtOH (110 mbL) was heated at reflux for 60 min. The solution was concenirated and mixed
with water (100 mL) and saturated aqueous Na,CO4 (5.0 mL}. The resultant precipitate was filtered
and recrystallized in toluene. The solids were filtered and dried under vacuunt to give

4-(2 4-dimethoxyphenylthiazol-2-amine (10.9 g) as yellow solids in 62% yield: 'H NMR (500
MHz, DMSO-d) 8 8.60 (s, 2H), 7.53 (s, 1 H}, 6.97 (5, 1 H}, 6.69 (5, 1 H), 6.67-6.63 (m,1 H}, 3.86
(s, 3H), 3.80(s,3 H.

F F F F
o) AICl,
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[00154] 2-Chlorn-1-{2.4,6-trifluorophenyliethanone. To a mechanically stirred solution of

1,3, 5-trifluorobenzene (6.0 ml, 58 nymol) in dichloroethane {14.0 mL) was added gradually AICK
{15.5 g, 116 mmol} in a period of 15 min with caution. Vielent bumping and HCl gas evolution was
observed. The mixture was carefully heated to reflux, and chloroacetyl chloride (5.5 ml., 69 mmol)
was added drop wisely in a period of 45 min. The reaction mixture was heated at reflux for
additional 6.0 h. The solution was cooled, carefully poured onto an ice/water stash (200 ml.) and
the agueous solution was exiracted with ether (3 » 50 mL}. The combined ethereal layers were
washed with 10% agueous HCL{Z x 30 mb), 1.0 N agueous NaOH (3 x 30 ml}, and brine (25 mL).
The solation was dried over MgS(, and concentrated under redaced pressure o give
2-chloro-1-(2,4,6-trifluorophenyiethanone (5.28 g) as vellow solids in 519 vield: 'H NMR (500
MHz, CDCL) 8 6.79-6.76 (m, 2 H), 4.50 (s, 2 H).

F F
\@E’(\ thlourea
N
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601551 4-(24,6-Trifluorophenylithiazel-2-amine. A mixture of

2-chlore-1-(2,4,6-tritfluorophenyliethanone (8.04 g, 433 mmol} and thicarea (3.51 g, 46.1 mmol)
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in 95% EtOH (50 ml.) was heated at reflux overnight. The solution was concentrated and mixed
with water {100 mL) and saturated agueous Na,CG; (5.0 mbL). The solids were filtered and dried
under vacuum to give 4-(2.4.6-triflacrophenyljthiazol-2-amine (9.71 gj as pink-white solids in

97% vield: THNMR {300 MHz, DMSO-ds) 8 7.26~-7.22 (m, 2 H), 7.09 (s, 2 H), 6.77 {5, 1 H).
e} (0]

l Cul, K3PO,
+
©/ DMF ©\
N

HoN N

[001586]  1-(2,6-Dimethyi-4-{phenylamine)phenyvijethanone. To a solution of
1-{4-amino-2,6-dimethylphenyliethanone {3.26 g, 20.0 mowi), KsPO, (9.2 g, 40 numol}, and
I-iodobenzene (4.08 g, 20.0 mmol) in DIMF (35.0 mL) was added Cul (761.8 mg, 40 mmel). The
reaction was heated at 110 °C overnight under Ny, The solution was cooled to room temperature
and filtered through a small pad of Celite. The cale was washed with ethyl acetate (50 ml) and th
combined filirate was concentrated ander reduced pressure. The residue was purified by flash
colamn chromatography on silica gel to give 1-(2,6-dimethyl-4-(phenylamino)phenyljethanone as
red-brown syrup: TH NMR (500 MHz, CDCLY 8 7.30(d, J =82 Hz, 2 H), 7.10(d, J=7.7 Hz, 2 1),
6.99(d, J=42He, 1 H), 671 (s, 1 F), 247 (s, 3 H), 2.18 (3, 6 H}; ESI-MS: my/2 2395 (M + H).

O
/@i‘\ _ TBAB, Br
©\ " CHCN \©\N
H

[00187]  1-(4-(4-Bromophenylamine)}-2.6-dimethyiphenyl)-2-bromoethanene, To a solution
of 1-{Z,6-dimethyl-4-{phenylamino)phenyliethanone (2.16 g, 8.78 ramol) iv acetonitrile {50 mL)
was added tetrabutylammoniumtribromide (TBABr, 4.24 g, 8.78 mmol). The reaction was stirred
at room temperature for 66 muin. The solution was concentrated under reduced pressure, added with
water, and extracted with ethyl acetate. The organic layer was washed with brine, dried over
anhydrous MgSOu(s), and concentrated under reduced pressure o give
1-{4-(4-bromophenylaming)-2,6-dimethyipheny)-2-bromoethanone (2.01 g), which was used

directly for the next step without further purification.

0O / S
Br: Br thiourea Br N/>_NH2
ol =y
N N
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[B0158] 4-{4-(4-Bromophenylamino}-2,6-dimethylphensylthiazel-2-amine. A solution of
1 ~{4-(4-bromophenylamino}-2,6~-dimethylphenyl}-2-bromoethanove (1.6 g, 4.0 mmol) and
thiourea (.79 g, 7.2 muool) in acetonitrile {30 ml) was heated at retlux for 90 min. The solution
was concenirated and added with water (50 mL) and saturated aguecus NapyCOy (1.0 mb), and
exiracted with ethytl acetate. The organic layer was washed with brine, dried over anhydrous
MgS0u(s), and concentrated under reduced pressure to give product (1.1 g), which was used
directly for the next step without further purification.

cl cl
SNCly* 2H,0

ethanol

O,N H,N
(661597 3-Chloro-S~-methyl-phenylamine. An ethanol solution (75 ml.) containing
1-chloro-3-methyl-5-nitro-benzene (5.0 g, 29 mumol) are added with SnClL-2H20 (32.8 g, 146
mmol). The reaction mixtare was reflux for 3.0 h. The solution was concentrated under vacuum,
and the residuc was re-dissolved in agueous NaOH, filtered, and extracted with EtOAc, The
organic layer was collected, washed with brine, dried over MgSQy, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel to give
3-chloro-5-methyl-phenylamine (4.0 g) as light vellow solids in 97% yield: "H NMR (500 MHz,
CRCIZYI6 656 (s, L H), 6.48 (s, L H). 6.36 (s, 1 H), 3.66 (bs, 2 H), 2.23 {8, 3 H}) ESI-MS: /2 1417
M+ 1)

cl cl
(AcO),0

~ . O

H,N N
2 H

{80168] N-(3-Chlore-S-methyl-phenyD-acetamide. Acetic anhydride (6.7 o) and
3-chloro-3-methyl-phenylamine (5.0 g, 35 mmol) was mixed and stand for 2.0 h. The reaction
mixture was cooled o room temperature to give N-(3-chlore-5-methyl-phenylacetamide (5.1 gy as
light vellow solids in 79% yield: 'H NMR (500 MHz, CDCL) 8§ 7.38 (s, 1 H), 7.19 (s, 1 H}, 7.12 (s,
FHY 691 (s, 1 H)L, 231 (5,3 H), 2.16 (s, 3 H).

cl cl o
o CH3COCI, AlCl, o

A cs, A

N N
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[80163] N-(4-Acetyl-3-chioro-S-methyl-phenyi-acetapide. A dry CS; solution 30 mL)
containing N¥-(3-chioro-5-methyl-phenyhacetamide (5.0 g, 27 mamol) and acety! chloride (2.9 ml,
40.8 mmol} was slowly added with alaminum chloride (9.1 g, 68 mmol). The reaction mixture was
heated at reflux for 30 min, cooled to room tenmperature, and stand for 4.0 h. The C8, was decanied
and the remaining syrap was poured into icy HCL The resultant solids were collected, re-dissolved
in BtOH, and decolorized by charcoal. The solution was filiered and the filtrate was concentrated
inder vacuum to give N-{4-acetyl-3-chloro-S-methylphenyllacetarnide (5.2 g) as light yvellow
solids in 85% yield: 'H NMR (500 MHz, CDCLY 8 7.48 (s, 1 H), 7.26 (s, 1 F}, 7.21 (s, 1 H), 2.52 (s,
3H), 2.24 (s, 3 H), 2.18 (s, 3 H).

Cl O Cl O

[80162] 1-{4-Amino-2~chloro-6-methyiphenylethanone. An ethanol solution (4.0 mL)
containing N-{4-acetyl-3-chloro-5-methylphenyliacetamide (0.53 g, 2.3 mmol) and concentrated
hydrochloric acid (1.6 mL} was beated at rethux for 15 h. The solution was added with 10%
agueous NaOH and the resultant solids were collected to give

[ ~{(4-amino-2-chioro-6-methylphenyDethanone (0.37 ) as light yellow solids in 88% yield: 'H
NMR (500 MHz, CDCl53 8 6.40(d, /=177 Hz, 1 H), 634 (s, 1 H), 3.85(bs, 2 H}, 2495, 3 H},
2.14{g, 3 H): ERI-MS: m/z 183.4 (M + H)"

Cl O Cl O

'BUNO, KI

HoN CH5CN |

[00163] 1-2-Chloro-4-iodo-6-methyb-phenyli-ethanone. A CH;CN sobution (20 mLb)
containing K1 (2.5 g, 15 mumol} and tert-butyl nitrite (2.00 mil., 16.9 mumol) was added with

[-(4-amino-2-chloro-6-methyl-phenyijethanone (2.3 g, 12.5 mmol) in CHAON (13 mb) at -10 °C,

mL). The solution was exiracted with EtOAc (20 mL), and the organic layer was separated, washed
with H2G (23 mbL)}, dried over MgSOu(s), and concentrated under reduced pressure. The residuc
was purified by tlash colurmn chromatography on silica gel to give

1 ~(2-chloro-4-iodo-6-methylphenylethanone (1.28 ) as yellow oil in 35% yield: 'H NMR (500
MHz, CBCI3) 8 7.58 (s, 1 H), 749 (s, 1 H}, 251 (5,3 H), 2.21 (5, 3 H).
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[80i64] 1-[2-Chlors-d-{4-methoxy-phenoxy-6-methyl-phenyll-ethanone. To a solution of
1-(Z-chloro-4-indo-6-methyipbenyijethanone (1.1 g, 3.7 munol}, KsPO4 (1.6 g, 7.4 nunol}, and
4-methoxyphenol (0.55 g, 4.44 mmol) in DMF (55 mL) was added tetrabutylammomiam bromide
{0.12 g, 0.37 mmol) and copper(l) iodide (70 mag, 0.37 mmol). The reaction was heated at refiux for
22 h. The sohution was extracted with EtOAc (18 mL)}, and the organic layer was separated, washed
with Hy( (11 mb), dried over MgS0.{s}, and conecentrated under reduced pressure. The residue
was purified by flash colomn chromatography on silica gel to give
1-[2-chloro-4-{4-methoxyphenoxy )-6-methylphenyliethanone as vellow oil in 19% yield: "TH NMR
(500 MHz, CDCIY 8697 (m, 2 H), 6.90 (m 2 H), 6.73 (8,1 =2.19Hz, 1 H),6.67 {d,]=1.99 Hz,
FHYL 381 (5,3 H,L 252, 3 HY,2.20(s, 3 H)

Cl O

cl O
o CHZCN o

661651  2-Bromo-1-{2-chloro-4-{d-methoxyphenoxy)-6-methyiphenyiiethanone. To a

-
¥

solution of I-{2-chioro-4-(4-methoxyphenoxy)}-6-methyiphenyl]ethanone (0.2{ g, 0.69 mmol) in
acetonitrile (6.0 mL) was added TBABr, (0.33 g, (.69 mmol}. The reaction was stirred at room
temperature for 30 min. The solution was concentrated under reduced pressure, added with water,
and extracied with ethyl acetaie. The organic layer was washed with brine, dried over anhydrous
MgSQu(s}, and concentrated under reduced pressure to give
2-bromo-1+(2,6~-dimethyl-4-phenoxyphenyliethanone, which was used directly for the next step

without further purification.

o Q /©/O
r thiocurea
E‘AEO\@\ /@ik/a . MeD N
EiOH
o i |S\>_NH2

[80166]  4-12-Chloro-4-(d-methoxy-phenoxy)-6-methyl-phenyii-thiazol-2-ylamine. A
mixture of 2-bromo- 1 «(2,6-dimethyl-4-phenoxyphenyllethanone and thiourea (63 mg, 0.83 mmol}
in 95% EtOH (3.0 mL) was heated at reflux for 60 min. The solation was concentrated and added

with water {50 mL) and saturated agueous NaHCO; (5.0 mL). The resultant precipitate was filtered
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and recrystallized in toluene (30 mb). The solids were filtered and dried under vacuum to give

4-f2-chloro-4-(4-methoxyphenoxy)-6-methyiphenyllthiazol-2-yvlamine (0.10 g) as yellow solids in

42% vield: TH NMR (500 MHz, CDCLY S5 6.98 (m, 2H), 690 (m, 2 H), 6.83 (d, J=24 Hz, 1 H),
. 73{d, J =23 Hz, 1 H), 641 (s, 1 H}, 497 {brs, 2 H}, 3.81 (s, 3 H}, 2.16 (5, 3 H}.

0 0
TBABr,

CH,CN
S \S Br

~

[00167] 2-Bromeo-1-(2,6-dimethyl-d-(methyvithio)phenylethanone, To a solution of
1-{4-(cyclopentyloxy)-2,6-dimethylphenylethanone (3.30 g, 17.0 mumol} in acetonitrile (34.0 ml.)
was added tetrabutylammoniamtribromide (TBABn, 8.19 g, 17.0 mmol}. The reaction was stirred
at room temperature overnight. The solution was concentrated under reduced pressure, added with
water, and extracted with ethyl acetate. The organic layer was washed with brine, dried over
a,nhydrous MgS(4(s), and concentrated under reduced pressure to give
2-bromo-1-(2,6-dimethyl-4-(methylthio)phenyliethanone (5.2 g}, which was used directly for the

next step without further purification.

O
/@i& thlourea | l >_NH2
EtOH
B
\S r

[00168]  4-(2.6-Dimethyi-4-Omethyithio)phenyhthiazel-2-amine, A mixiure of
Z2-bromo-1-(2,6-dimethyl-4-(methylthiciphenylicthanone (4.64 g, 17.0 mmwol) and thiourca {(1.29
g, 17.0 nmunol) in 95% EtOH (24.3 ml) was heated at reflux for 120 min. The solution was
concentrated and added with water (50 mL) and saturated aqueous Na,COs (4.0 mb ). The resultant
precipitate was filiered and recrystallized in tolaene (30 mb). The solids were filtered and dried
under vacvum o give 4-(2,6-dimethyl-4-{methylthiojphenylithiazol-2-amine (1.9 g} as light
vellow solids in 45% vield: 'H NMR (500 MHz, CDCly) 6 6.97 (5, 2 H), 6.26 (s, 1 H}, 2.47 (s, 3 H),
235(s, 6 H).

o O
mCPBA
\S Br CH2C|2 \S Br
Oz

(601691  2-Bromo-1-(2,6-dimethyb-4-(methyisulforyDphenyDethanone. To a solution of
2-bromo-1-(2,6-dimethyl-4-{methyithio)phenyliethavone (4.92 g, 0.653 mol} n CHLCL 36 mi) at

[,
-~J
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0 °C was added mCPBA (70%, 11.1 g, 1.63 mol). The mixture was stirred at room teraperature for

7.0 h. The solution was filtered, and the filtrate was added with saturated aguecus NaHCO; (50

ml.). The orgavic layer was dried over aphydrous MgSO4(s) and concentrated under reduced
ressure to give 2-bromo-1-(2,6-dimethyi-4-{methylsalionyDphenyliethanone (7.6 g), which was

used directly for the next siep without farther punification.

O,
S
/@i‘\ thlourea -
E'[OH N
| D—NH,
S

00170] 4-2.6-Dimethyi-4-Omethyisulfonyliphenylthiazol-2-amine. A mixture of
2-bromo-1-(2,6-dimethyl-4-(methylsulfony Dphenylethanone {7.60 g, 24.9 mmol) and thioure
(1.90 g, 25.0 mmol} in 95% EtOH (35.6 mL} was heated at retlux for 90 min. The solation was
concentrated and added with water {100 mL) and saturated aqueouns Na,COs (5.0 mL). The
resultant precipitate was filtered and recrystallized in tohiene (20 mL). The solids were filtered and
dried under vacuurm to give 4-{2,6-dimethyl-4d-(methylsulfonvhphenyhthiazol-Z-amine (3.28 g) as
yellow solids in 47% vield: "H NMR (500 MHz, CDCI3) 8§ 7.64 (5, 2 H), 6.34 (s, 1 H), 5.19 (m, 1
H}, 3.04 (s, 3 H), 2.26 (s, 6 H).

(80171}

\>—NH B \>—NH

compound 128

801721 2-Amino-N-{d-{4-(d-methoxyphenoxy)-2,6~dimethyiphenylthiazel-2-yDisonicotin
amside. A noixture of
N-(4-{4-{4-methoxyphenoxy)-2,6-dimethylphenyithiazal-2-yi}-2-nitroisonicotinamide (0.20 g,
03.40 mmol) and PA/C (0.15 g, 10% w/w) in ethanol {10 mL} was stirred under Hy overnight. The
reaction was filtered through diatomaceous carth and concentrated under reduced pressure to afford
2-amino-N-{4-{4-(4-methoxyphenoxy)-2,6~dimethylphenylthiazol-2-visonicotinamide (0.1 1 g)
as yvellow solids in 59% yield: 'H-NMR (500 MHz, DMSO0-d6) 8 7.88-7.89 (m, 1 H), 7.10-7.11
(m, 2 H}Y, 6.95-6.97 (m, 2 H), 6.62 (s, 1 H}, 5.76 (5,  H}, 3.29 {5, 3 H}, 2.03 (5, &6 H}; ESI-MS: sz
446.6 [M + H}+,
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corapound 83

(801731 N-(4-Moesitylthiazob2-yi)-2-merpholinsisonicotinamide. A mixture of
2-chloro-N-(4-mesitylthiazol-2-yDisonicotinamide (500.0 mg, 1.4 mumol, 1.0 equiv} and
morpholine (1.5 mL, 16.8 mmel, 12 equiv} in methylpyrrolidone (15.0 mL) was stirred at 150 °C
for 16 h. The mixture was poured into icy H,O (20.0 mL), and the resultant solids were {iltered to
provide N-{4-mesitylthiazol-2-y]}-2-morpholinoisonicotinamide (358.6 mg, 0.90 mumol) as yeliow
solids in 63% vield: "H NMR (DMSQ-d6, 500 MHz) § 830 (d,J = 5.1 Hz, 2 H), 7.50 (s, 1 H), 7.22
(d, J=51Hz2H), 710, 1 H), 692 (s, 2 H), 3.70-3.73 (m, 4 H), 3.53-355 (m, 4 H), 2.26 (5,3
H), 2.05 (s, 6 H); ESI-MS: m/z 409.3 (M + H)+.

/
N

|
. o .~ [Nj @
| p—nA \ N N s QA =
N H E\Q\j

T >n
N

NMP, reflux

compound 84

[B0174]  N-(4-Mesitylthiazol-2-vi}-2-(4-methylipiperazin-i-vhisenicetinamide. A mixture of
2-chloro-N-(4-mesitylthiazol-Z-ylYisonicotinamide {300.0 mg, 0.8 mmol, 1.0 equiv) and
t-methylpiperazine (1.12 mdi, 10.1 mmol, 12 equiv) o methylpyrrolidone (9.0 mL) was stirred at
150 °C for 16 h. The mixture was poured into icy H,0 (15.0 mL} and the resultant solids were
filtered to provide N-{4-mesitylthiazol-2-v1}-2-{4-methylpiperazin-1-yl}isonicotinamide (95.6 mg,
0.20 mmol) as yellow solids in 27% vield: "H NMR (CDCI3, 500 MH2) 5 827 (d, F=5.1 Hz, 1 H),
TA2(s, 1 H}, 6.83-6.86{m, 3H), 06,78 (s, 1 H},3.63-3.65(m, 4 H),2.35(s,3 H),2.27 (5, 3 H), 2.04
(s, 6 H}; ESI-MS: avz 422.1 (M + H)-i—.

o cl O @
S —
| )\Nﬁ\Q\l N s A/~ "
N Ho\ N

NMP, reflux I N/>\N

corapound 91
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[80173]  N-(4-Mesitylthiazoh-2-yl-2-(piperidin-1-yDisonicotinamide. A mixture of
2-chloro-N~(4-mesitylthiazol-2-yDisonicotinanide (200 mg, 0.60 mmol, 1.0 equiv} and piperidine
(0.76 mb, 6.7 muwnol, 12 equivy in methylpyreoiidone (6.0 ml) was stirred at 156 °C for 16 . The
auxture was poured into icy HoO (16.0 mL) and the resultant solids were filtered. The solids were
purified by column chromatography on silica gel {15% EtGAc in hexanes as elunant) to provide
N-{4-mesitylthiazol-2-y1)-2-(piperidin-1 -yDisonicotinamide (87.2 mg, 0.20 mmol) as yellow
solids in 38% yield: "H NMR (CDCls, 500 MHz) 8 8.29(d, J = 5.1 Hz, 1 H), 7.15¢s, 1 H),
0.83-690 (m, 3 H), 6.79 (s, 1 H), 3.61-3.63 (m, 4 H), 2.31 (3,3 H), 2.08 (5, 6 H), 1.57-1.67 (m, 6
H); ESI-MS: vz 407.2 (M + Hy+,

o Cl \N\
S = Q
) NE\O\I 2 M (CH3),NH/ THF S =
N>\ WL
NMP, reflux N

compound 92

[00176] 2-{Dimethyiamino}-N-{4-mesitylthiazol-2-yhiisonicotinamide. A mixture of
2-chloro-N-(4-mesitylthiazol-Z-yllisonicotinamide {200 mg, 0.60 mmol, 1.0 equiv}, caesiam
carbonate (2.73 g, 0.6 nwmol, 15 equiv} and 2.0 M dimethylamine in THF (3.4 mL, 6.7 nuol, 12
cquivy in DMF (6.0 mL} was healed at reflux for 16 h. The mixture was poured wnto icy H.G (10.0
ml) and extracted with BEtOAc. The organic layer was collected, dried over MgSO4(s), and
coneentrated under reduced pressure. The residue was purified by column chromatography on
silica gel {15% EtOAc in hexanes as eluant) to provide
2-{(dimethvlamino-N-{4-mesityl-thiazol-2-yl}isonicotinamide (5.5 mg, 0.10 mowol) as vellow

solids in 3.0% yield: 'H NMR (CDCI3, 500 MH2) 8 832 (d, J=5.1 Hz, 1 H), 7.02 (s, 1 H), 6.92 (s,

7 HY, 6.85(d, T =5.1 Hz, 1 H). 6.80 (s, 1 H), 3.16 (5, 6 H), 2.31 €5, 3 H), 2.09 (5, 6 H); BRI-MS: myvz

), &

367.1 (M + H+.

N
'\l
NH = Pd(PPhals, THF

compound 118

001771 N-(d4-{4-Benzyl-2,6-dimethylphenyithiazol-2-ylisonicotinamide. A THF solution
of benzylzinc{ll} bromide (4.0 mL, 2.0 mmol) was added to a degassed solution of
N-(4-{4-iodo-2,6-dimethyiphenyithiazol-2-y}isonicotinamide (435 g, 1.0 munol} and
tetrakistriphenylphosphine palladiom (57.8 mg, 0.10 numel) in THF (5.0 mL). The reaction mixture

was heated at reflux for 16 b under N; and then poured into saturated agueous NaHCOs. The
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mixture was cxtracted with ethyl acetate, washed with brine, dried MgS0O,, and concentrated under
reduced pressure. The residue was purificd by flash column chromatography on silica gel to give
N-{4-(4-benzyl-2 6-dimethylphenyithiazol-2-y]isonicotinamide: "H NMR (500 MHz, CDCL) &
8.70{d, J=49Hz 2H), 767{d, FJ=49Hr, 2H}, 733 (d, I =86 He, 2 H), 7.10-7.26 {m, 3 H},
6.80 (s,  H), 6.24 (5, 1 H}, 3.86 (s, 2 H}, 2.04 (s, 6 H); ESI-MS: m/z 399.9 (M + Hy+

ZnBr

N 2= ® O
\N‘>—NH — Pd(PPhs)s, THF MeO \
S

compound 119

[00178]  N-(4-{4-(4-Methoxvhenzyi}-2,6-dimethyiphenylithiazel-2-vhisonicotinamide, A
THEF solution of 4-methoxyibenzylzine(il) bromide (4.0 ml., 2.0 mowol) was added to a degassed
solution of N-{4-(4-iodo-2,6-dimethyiphenyl)thiazol-2-vDisonicotinamide (435 g, 1.0 nunol)
and tetrakistriphenyiphosphine palladiom (57.3 mg, .10 mmol) in THF (5.0 mL). The reaction
auxture was heated at reflux for 16 hunder Ny then poured into saturated aqueous NaHCOs. The
mixture was extracted with ethyl acetate, washed with bring, dried MgSQ,, and concentrated under
reduced pressure. The residue was purified by flash colamu chromatography on silica gel to give
N-{4-(4-(4-methoxybenzyl)-2.6-dimethylpheny)thiazol-2-yl)isonicotinamide: 'H NMR (500
MHz CDCL) 88.69(d, ] =52 H2 2H), 7.66(4,J=49Hz, 2H), 711 (4, ] =84 Hz, 2 H), 6.36 (4,
2HYL6.80(s, 1 H),6.75¢(s, 2 H), 3.80 (s, 2 H}, 3.78 (8, 2 H}, 1.98(s, 6 H}; ESE-MS: m/7 399.9 (M +
Hy+.

Fxemplary Compounds and Physicochemical Data

4-Cyano-N-{4-mesitylthiazel-2-yiihenzamide
compound 4

881791 Yield: 67%; 'H NMR (500 MHz, DMSO-ds) 8823 (d, 2 H), 5.02 (4, 2 H), 7.09 (s, 1 H),
6.92 (s, 2 H), 2.26 (s, 3 H), 2.05 (s, 6 H}; BSI-MS: nvz 348.0 (M + H)+.

0O —
N )
| D>—NH N7
S
N-{d-mesitylthiazol-2-yhpyrimidine-4-carboxamide

compound 5
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[80180]  Vield: 62%; 'H NMR (500 MHz, DMSO-d;) 5 9.41 (s, 1 1), 9.15(d, 1 H), 8.14 (d, 1 H),
717 (s, 1 H), 6.89 (s, 2 HY, 2.25 (s, 3 H), 2.03 (s, 6 H); BSL-MS: miz 325.1 (M + H)+.

Ty 30

5 N- {4*]}-1(31V3f§1!&1(31~ ~yhiisonicotinamide
compoud 6
[00181]  Yield: B.6%:; "H NMR {500 MHz, CDCl 8 8.70(d, J =55 Hz, 2 H), 7.65-7.63 (m, 2
H), 7.60(3, J=80Hz, 2H), 717 (s, 1 H}, 7.14(d, J=7.5 Hz, 2 H}, 2.34 (5, 6 H}; ESI-MS: nvz
295.9 (M + Hy+.
1

0
| D—ni
5

4-Cyano-N-{4-p-tolylthiazol-2-ylihenzamide
compound 7

601821 Vield: 63%; TH NMR (500 MHz, CDCly) 8 7.89 (d, 1 = 8.5 Hz, 2 H), 7.62 (4, I = 8.5 Hz,
15 2H), 7.55(d J=85Hz 2 H), 717 (s, VH), 712 (d, J = 8.0 Hz, 2 H), 2.34 (s, 6 H); ESEMS: nvz

317.9 (M - H)-.
Q. /=N
\ >_<:/N
| D—nNH \_
S

20 N{4-Mesitylthiazel-2-yDpyridazine-4-carboxamide
compound 8

[B0I83]  Vield: 62%; 'H NMR (500 MHz, DMSO-d,) 8 9.72 (s, 1 H), 9.50 (4, 1 H), 8.21 (m, 1
M), 7.13 (s, 1 FI), 6.94 (s, 2 ), 2.27 (5, 3 H), 2.06 (s, 6 H): ESEMS: m/z 324.5 (M + H)+.

o S
\Qi[Nme
S

25
Ne(4-mesitylihdaeol-2-yDthlazole-S-carboxamide
compound 9
{B0184]  Yield: 40%; HNMR {500 MHz, DMSO-d, 8§ 9.36 (s, 1 H), 8.82 {(brs, 1 H), 7.06 (5, 1
H), 6.93 (s, 2 H}, 2.26 (s, 3 H), 2.05 (5, 6 H); ESI-MS: mv/z 3293 (M + H+,
30
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l l Q=
| \j\>—\?H_<\jN>
g

N-{4-(4-Methoxyphenyi}-S-methylthiazol-2-yDnicotinamide
compound 14
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MeaO

[00185]  Yield: 74%; 'H NMR (500 MHz, CDCl3) 8 9.09 (d, 1 H), 8.73-8.72 (m, 1 H), 8.15-8.14
(m, I H), 7.42-7.41 (m, 2 H), 7.35 (m, 1 H), 6.87-6.85 (m, 2 H}, 3.82 (5, 3 H), 2.51 (5, 6 H};

ESI-MS: /7 325.3 [M + H]+

MeO

0 —
N
MeO | S>—NH N
S

N-{4-(2 4-Dimethoxyphenyhithiazel-2-yDnicotinamide
compound 15

[00186]  Yield: 87%; 'H NMR (500 Mz, CDCly) 6 9.30 (s, | FI), 8.82-8.81 (m, | F), 8.39-8.36
(m, 1 H), 7.80-7.79 (m, 1 H), 7.48-7.46 (m, 1 H),7.43-7.39 (on. | H), 6.58-6.55 (e, 2 H), 3.92 (6.
3H), 3.86 (s, 3 H); BSEMS: m/z 341.4 [M + H]+

O —
N
| \fw?f@
S

N-{4-{4-Methoxypheny-S-meethyithiszol-2-y Dpicolinarside
compound 16

MeO

[00187]  Yield: >99%; 'H NMR (500 MHz, CDCE) 8 10.55 (s, 1 H), 8.65-8.64 (m, 1 H},
&.30-8.2% (m, I H), 7.93 (m. 1 H}, 7.60-7.58 (m, 2 H}, 7.54-7.53 (m, | H}, 6.99-6.98 (m, 2 H},
3.86 (s, 3 H), 2.54 (s, 3 H); ESI-MS: m/z 325.6 [M + H+.

o =
N

| }—Nm
S

N-{4-{4-Methoxyphenylithiazol-2-yhpicolinamide
compound 17

MeO

[BOIBB]  Yield: »99%; 'H NMR (500 MHz, DMSO-ds) § 11.98 (s, 1 H), 8.78-8.77 (m, 1 H),
8.19-8.17 (m. 1 H), 8.11-8.09 (. 1 H). 7.89-7.87 (on, 2 H). 7.74-7.71 (ow. | H). 7.58 (m, | H),
7.00-6.99 (m, 2 H), 3.79 (s, 3 H), 2.54 (s, 3 H); ESI-MS: my/z 310.0 [M ~ H}—.

63



WO 2011/115998 PCT/US2011/028532
Attny Dkt No. 101%01.0001PCT

MeO
0 —
N )
MeO | >—NH N
S

N-{4-2 4-Dirpethoxyphenyiithiazob-2-yhpicolinamide
cornpound 18

[B6189]  Yield: 89%; 'H NMR (500 MHz, DMSO-d,) 8 11.9 ¢s, 1 F), 8.79-8.78 {m, | F),
5 8.20-8.19(m, 1 H, 8.12-8.07 (m, 1 H), 7.75-7.74 (m, 2 H), 7.61 (s, 1 H), 6.68-6.63 (m, 2 H), 3.92
(5.3 HD), 3.82 (s, 3 H); BSI MS: m/z 340.3 [M — H]-.

[ l o =
N
| \>—N\|>-|_<Nt/>
S

N-(5-Methyli-4-phenylihiazol-2-yhpicolinamide
10 compound 19

881901 Yield 909 TH NMR (500 MHz, DMSG-day 5 11.9 (s, 1 H), 8.76-8.77 {m, I H),
Z18-8.19 (m, T H), 810 (m, 1 H}, 7.69-7.73 (m, 3 H), 7.45-7.48 (m, 1 H}, 7.36-738 (m, 1 H},
2.50 (s, 3 H); ESL-MS: m/z 2954 [M + H]+.

OMe
MeO
=
| D—NH \
15 S

N-{4-{3,4,5- TrimethoxyphenyDtbiazel-2-yhricotinamide
compound 26

180191]  Yield 78%: 'H NMR (500 MHz, DMSRO-dy) 5 9.24 (d, 1 Hy, 8.79 (1, 1 H), 8.44 (d, 1 H),
775 (s, 1 HY, 7.58-7.60 (m, 1 H), 7.26 (s, 2 H), 3.85 (s, 6 F), 3.69 (s, 3 H); ESL-MS: mvz 372.5 [M
20 +H-

MeO

0 =
N

E |\>—NH\N
s

N-{4-{2-Fluoro-4-methoxyphenyDthiazol-2~-yhnicotinamide
compound 21

b2
i

[00192]  Yield 81%: "H NMR (500 MHz, DMSC-d,) §9.23 (d. 1 H), £.80¢, 1 H), 8.44 (d, 1 I,
800-8.03 (m, 1 H), 7.58-7.60 (m, 1 H), 7.46 (d, 1 H}, 6.90-6.98 {m, 2 H), 3.82 {5, 3 H}; HSI-MS:
m/z 330.0 [M + Hi+
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MeO.

Q
N
£ >—nH OMe
S

N-{4-(2-Fluoro-4-methoxyphenylithiazol-2-yD-3-(4-methoxyphenylpropanamide
compound 22

[60183]  Yield 53%: 'H NMR (500 Mz, CDCL) 5 11.01 (s, 1 H), 7.82-7.86 (m, 1 H), 7.27 {d. 1
H), 6.63-6.84 {m, 6 H), 3.80 (s, 3 H), 3.76 (s, 3 H), 2.77 (L. 2 H), 2.29 €&, 3 H); ESI-MS: m/z 387.0
(M + H}+

MeO.
o]

N
PO
S

NA{d-(-Fluoro-4-methoxyphenylthiazol-2-vl}-3-phenylpropanamide
compound 23

[00194]  Yield 45%: '"H NMR {500 MHz, CDCL) 8 10.87 (s, 1 H), 7.83-7.87 (m, 1 H},
TAST27 (o, S H), 795 (d, 2 H), 6.62-6.73 (m, 2 H), 3.80 (s, 3 H), 2.86 (1, 2 H), 236 {1, Z H);
ESE-MS: mv/z 356.0 M + Hl+.

MeO

0

N \

\

e |S>—NH N
N-{4-(2-Fluoro-4-methoxyphenylithiazol-2-vDipicolinamide

cornpound 24

[80195]  Yield 77%: 'H NMR (500 MHz, DMSO-d,) § 12.04 (s, 1 H), £.79 (d, 2 F), 8.02-8.21
(m, 3 H)L 774 1 HD, 7.49 (d, 2 H), 6.90-6.97 (m, 2 H), 3.82 (s, 3 H): ESE-MS: vz 330.0 [M +

Hl+.
OMe
MeO
0 —
| >—NH N /
S

N-{4-(3,4.5-TrimethoxyphenyDihiazol-2-yDpicolinamide
cornpound 23

[00196]  Yield 75%: 'H NMR (500 MHz, DMSO-ds) 8 12.04 (s, 1 H), 8.78 (5. 1 H). 8.18 (d, |
HY, 801 (1, 1 H), 7.78-7.82 (m, 2 H), 7.28 (5, 2 H), 3.86 (5, 6 H), 3.69 (5, 3 H); ESE-MS: /7 372.0
M + H+.
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MeO
) —
o 3O
Fol S\>_NH N
N-{4-(Z-Filnoro-4-methoxyphenyljthiazol-2-yHisonicotinamide
compound 26
[060197]  Yield 84%: 'H NMR (500 MHz, DMSO-d,) 6 8.82 (d, 2 H), 7.99-8.03 (m, 3 H), 7.48
(d. 1 H), 6.91-6.9% (m, 2 H), 3.83 (s, 3 H); ESI-MS: myz 330.0 [M + H]+.

OMe
Meld

O —
MeO N }—CN
B \ s
g

N-{4-(3,4,53-Trimethoxyphenyhithiazol-2-yDisonicoinamide
compound 27

[B6198]  Yield 82%: 'H NMR (500 MHz, DMSO-d,) 8 8.79 (d, 2 H), 8.00-8.01 (m, 2 H), 7.7]
(s, 1 H), 7.26 (s, 2 H), 3.85 (s, 6 T, 3.70 (s, 3 H); BSI-MS: mv/z 372.0 [M + H]+

O —
N
U[HH ®
S

N-{4-p-Tolylthiazol-Z-yDpicolinamide
compound 28

[00199]  Yield: 6.7%; 'H NMR (500 MHz, CDCl3) 8 10.96 (bs, 1 H), 9.11 (bs, 1 H), 8.75 (bs, 1
HY, 8.14(d F=8.0Hz 1 H)L7.60(d, T=7.5Hz, 2 H), 734 (5, L ), 7,15 (s, L H) 7.12(d, = 7.5
Hz, 2 H), 2.33 (s, 6 H); ESI-MS: my/z 293.7 (M ~ H)~.

O —
N
T 50
S

N-{4-p-Tolylthinzel-2-ysicotinamide
compound 29

[90200]  Yield: 83%; 'H NMR (500 MHz, CDCL) 5 11.24 (s, 1 H), R.68 (4, F=4.5Hz, 1 H),
8.31(d, T=80Hz 1 Hy, 7.95 (m, 1 H), 7.78 (¢, J = 8.0 Hz, 2 H), 7.54 (m, 1 H), 7.24 (m, 2 H), 7.17
(s, 1 H), 2.39 (s, 6 H); BSI-MS: m/z 295.6 (M + H)+.

Q
| D—nH
g
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4-Cyano-N-(S-methyl-4-p-tolyithiszol-2-yhibenzamide
cornpound 34

(802011 Yield: 36%; 'H NMR (500 MHz CDCI) 8 7,72 (d, J = 8.5 Hz, 2 H), 749 (d, I=8.5 Hz,
2H), 720 (d, I = 8.0 Hz, 2 H), 6.99 (3, J = 8.0 He, 2 H), 2.51 (5,3 H), 2.27 (5, 3 H); BSI-MS: myz

332.0 (M~ H)}-.
O =N
N
ng 30
S

N-{5-Methyl-4-p-tolyithiazel-2-yinicotinamide
compound 31

[00202]  Yield: 56%: 'H NMR (500 MHz, CDCL) § 8.99 (s, 1 H),8.63 (d, J = 5.0 Hz, 1 H), 8.01
(d,J=7.9Hz 1 H), 7.29-7.21 (o, 3H). 7.03 (d, T = 7.8 Hz, 2 H), 2.49 (s, 3 H), 2.29 (s, 3 H};

ESI-MS: vz 310.3 (M + H)+.
0
N \
| >—NH N /
S

N-(5-Methyl-4-p-tolyithiazol-2-yhipicolinamide
compound 32

[§0203]  Yield: 79%: 'H NMR (500 MHz, CDCL) 8 1111 (s, 1 H), 8.64 (d, J= 4.5 Hz, | HD,
829 (d, J=7.5Hz, I H), 7.93 (1. J=R.0 He, 1 H), 7.55-7.51 (on 3 H), 7.25(d, § = 7.5 Hz,1 H), 2.54
(s. 3 H), 2.40 (s, 3 H); BSI-MS: m/z 309.0 (M — H)~.

O iy
N
\Qi[ \>—N?-i_<\jé
S

N-(4-Mesitylthinzol-2-ylithiophene-3-carboxamide
conpound 33

[00204]  Yield: 37%; 'H NMR (500 MHz, DMSO-d) 8§ 12.59 (s, 1 H), 8.60 (s, 1 H), 7.69-7.76
(m, 2 H), 7.04 (s, 1 H}, 6.93(s, 2 H}, 2.27 (s, 3 H), 2.06 (s, 6 Hy; ESI-MS: nv'z 327.1 (M -~ H.

HO

o =
MeO N \>—<:/\N
B \_
S

N-{4-{4-Hydroxy-3-methoxyphenyhthinzol-2-ylisonicotinamide
compound 34



W

10

36

WO 2011/115998 PCT/US2011/028532
Attny Dkt No. 101%01.0001PCT

[80205]  Yield: 54%; 'H NMR (500 MHz, DMSO-d) & 8.89 (d, 2 H), 8.00 (d, 2 H), 7.57 (d, |
H), 7.44-7.46 (m, 1 H), 7.26 (4, 1 H), 7.11 (s, 3 H), 3.81 (s, 3 H): BSE-MS: m/z 327.9 (M + H)+

HO

) =N
MeO | N\>_N>H—<\:/)
N 4»(4»Hydmxy~3~met’hoxyphinyi)thiﬁazoi—?;uyi}nimtima mide
compaund 33
180206]  Yield: 44%; 'H NMR (500 MHz, DMSO-ds) 8 9.25 (s, 1 H), 8.91 {5, 1 H), 8.45-8.48
(m, 1 H), 7.65-7.67 (m, L 3, 7.57(d, L H), 7.44-746 (m, T H}, 7.26 (d, 1 H), 7.10 (s, 2 H), 3.81 (5,
3 Hy; BSI-MS: m/z 328.0 (M + H)+.

HO
) =
| S>—NH N /
S
N-{4-(4-Hydroxy-3-methoxyphenyDthiazel-2-yhpicolnamide
compound 36

1802071 Yield: 37%: H NMR {500 MHz, DMSO-d;) 8 8.82(d, 1 H}, 823 (4, 1 H), 8.08¢d, 1
Hy, 7.74-7.75(m, 1 H), 7.57{(d, 1 H), 7.44-746 (m, 1 H), 7.23(d, 1 H), 7.10 (s, 2 H}, 3.81 {8, 3 H};
ESI-MS: /7 3281 (M + H)+

MeO

N
S 046

N-{4-(4-MethoxyphenyDthiazel-2-yalcotinamide
compound 37

[00208]  Yield: 94%; "H NMR (500 MHz, DMSO-ds) 8 12.98 (s, 1 H), 9.23 (m, 1 H), %.80 (m, 1
), 8.46-8.43 (m, 1 H), 7.90-7.88 (m, 2 H), 7.61-7.56 {m, 1 FI), 7.02-7.00 {m, 2 H), 3.80 (s, 3 H);

EST-MS: nvz 310.0 [M - Hl-.
Q
| D»—NH
S

4-Cyane-N-(S-methyb4-phenylthiazob-2-yhbenzamide
conmpound 38

(00209 Yield: 99%; 'H NMR (500 MHz, DMSO-d,) 8 7.82-7.80 (m, 2 H), 7.60-7.5% (m, 2 H),
741740 (m, 2 H}, 7.30-7.29 (m, 2 H), 7.22-7.19 (m, 1 H}, 2.54 (5, 3 Hy; ESLI-MS: vz 3200 [M
+ Hl+
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0
N @CN
| D—NH
S

4-Cvano~-N-{4~(4-methoxyphenyl}-5-methyithiazel-2-yhbenzamide
cornpound 39

[86218]  Yield: 66%; 'H NMR (500 MHz, CDOD) 6 8.18-8.17 {m, 2 1), 7.92-7.90 {m, 2 1),
7.60-7.58 (m, 2 H), 7.01-7.00 (m, 2 H), 3.84 (s, 3 H), 2.50 s, 2 H): BSI-MS nvz 349.5 [M + H]+

Me

MeO \>—NH

N—(4-(2.,4u§)imethoxyphenyi)tiﬂamL ~y-2~(2-methoxyphenylacetamide
compound 48

[00211]  Yield: 85%; 'H NMR (500 MHz, DMSO-d,) 8 12.3 (s, 1 H), 7.99-7.97 {m, 1 H), 7.64
(s, 1TH}, 7.24 (m, 1 H}, 6.91 {m, 2 H}, 6.90 (m, 1 H), 6.66-6.61 (m, 2 H), 3.89 (5,3 H},3.80(s,3 H),
3.75-3.74(m, 5 H); BSEMS: m/z 3851 [M + H]+

Dy 37

2~2-MethoxyphenyD-N-{5-methyl-4-phenylthiazol-2-yDacetamide
compound 41

802121 Yield: 76%; 'H NMR (500 MHz, CDCl) § 8.90(s, | H), 7.56-7.55 {m, 2 H}, 7.43-7.40
(m, 2 ). 7.34-7.33 (o, 1 HD, 7.26-7.22 (o, LD, 3.77 (s, 3 H), 3.47 (s, 2 H), 2.49 (s, 3 H);

ESI-MS: nvz 339.2 [M + H]+,
eO
0) —
L 3
| \>_NH \ //
S

N-{4-(4-Methoxy-2,6~-dimethyiphenyiithiazol-2-ylisonicotinamide
compound 42

[80213]  Yield: 69%; 'H NMR (500 MHz, CDCLY88.67 (4, T = 5.5 Hz, 2 H), 7.55(d, ] = 6.0 Hz,
TH077(s, Y H), 632 (s, 2H), 3.73 (s, 3H), 1.91 {5, 6 H)y; ESEMS: m/z 340.6 (M + Hy+.

O —
@I%y—g
s
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N-(S-Methyl-4-p-tolyithiazo-2-yiHsonicotinamide
cornpound 43

(002141  Yield: 54%; 'H NMR (500 MHz CDCl,) 8 .57 (d, J=5.0 Hz, 2 H), 746 (d. I=5.5 Hz,
DH), 725 (d, F =45 He, 2 H), 7.02 (8,0 = 7.5 He, 2 H), 2.51 €5, 3 H), 2.28 (5, 3 H); BSI-MS: myz

309.9 (M + Fyt
N
-
« o =
W
| D—nH \_/
S

N-{4-(2,4,6-Trimethylpyridin-3-yiithiazol-2-yl}isonicotinamide
compound 44

[80215]  Vield: 51%; 'H NMR (500 MHz, CDCl,) 8§ 8.79(d, 7= 5.5 Hz, 210, 7.70 (4, 7= S.5 Hz,
DH), 6.86 (s, 1 H), 6.77 (5.1 H), 2.45 (s, 3 H), 223 (s, 3 H), 2.03 (5, 3 H); BRE-MS: m/z 324.5 (M +

Hy+.
_N
Y5 30
| H—NH N7
S

N-{4-(2,4,6-Trimethylpyridin-3-yDthiazol-2-yDpicolinamide
compound 45

[B0216]  Yield: 18%; 'H NMR (500 MHz, CDCL) 8 11.22 (s, 1 H), 8.65 (d, = 4.5 Hz, 1 ),
§31(d,J=75Hz 1 H), 7.96(, J=7.5 He 1 H), 7.54 (m, 1 H). 6.92 (s, 1 H}, 6.85 (s, | H), 2.52 (s,
3HY, 2.37 (s, 3 H), 2.133 (s, 3 H); BST-MS: vz 325.0 (M + H)+,

N

-

S | 0 —
e,

| H—NH N
S
No{4-{2 4,6- Trimetfiylpyridin-3-ykdazol-2-yDnicotinamnide
compound 46
{80217 Yield: 18%; HNMR (500 MHz, CDCI 8911 (s, 1 H), 877 (s, T H,L 8.17¢d, J =75

Hz 1 H), 7.42 (m, 1 H), 6.85 (s, 1 ), 6.78 (s, 1 H). 2.45 (s, 3 1), 2.27 (5, 3 H), 2.02 (s, 3 H);
ESEMS: nvz 325.1 (M + H)+

HO
o =
MeO N >—<\j,\1N
| D—nin N
g

N-{4-(4-Hydroxy-I-methoxyphenyl}thiazol-2-vipyridazine-4-carboxamide
compound 47
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[80218]  Vield: 54%; 'H NMR (500 MHz, DMSO-d,) 8 9.75 (s, 1 H), 9.61 (s, 1 H), 8.28-8.30
(1), 7.58 (d, 1 H), 7.46-7.48 (. 1D, 7.29 (d, 1 H)L 7.12 €, 3 ), 3.82 (s, 3 H); ESL-MS: mv/z
329.4 (M + H)+.

HO
o =
MeO N >—<_/\N
| >—NH N7
S

N-{4-{4-Hydroxy-3-methoxyphenyDthiazel-2-ylipyriraidine-4-carboxamide
corapound 48

(802191  Yield: 44%: 'H NMR (500 MHz, DMSO-ds) 5 9.49 (d, | H), 9.19 (d, | H), §.22-8.23
(m, 1 H), 7.58 (4, 1 H), 7.45-7.47 (m, 1 H), 7.27 (4, 1 H), 7.12 (s, 3 H), 3.82 (5, 3 H); BSI-MS: m/z
10 3289 (M + H)+.

HO

e N
| D—nH NS
S

N-{4-(4-Hydroxy-3-methoxyphenyhithiszol-2-yipthiophene-3-carboxamide
compound 49

[y
(v

[90228]  Yield: 37%: 'H NMR (500 MHz, DMSO-dy) 8 8.58 (4, 1 H), 7.73-7.75 (m, 1 H), 7.60
(d. 1 H). 7.55 (d, 1 H), 7.42-7.44 {m, 1 H), 7.18 (&, 1 H), 7.09 (m, 3 H); BSE-MS: m/z 333.0 (M +

H)+.
HO.
z l O S
MeO N \”
| \>—N?-i_<\’N
S

20 N-{4-{4-Hydroxy-I-methoxyphenyDthiazol-2-ylithiazole-S-carboxamide
compound S¢

180221]  Yield: 37%; 'H NMR (500 MHz, DMSO-d,) 949 (s, 1 H).R.75 (s, 1 H), 7.56 (s, 1 H),
743745 m 1 H), 724 ¢d, 1 H), 7.11 (m, 3 F), 3.81 (s, 3 TD); ESE-MS: myz 333.9 (M + H
HO

O ~—
MeO N >—<j‘
B N0

S

N-{4-(4-Hydroxy-3-reethoxyphenythiazol-2-vifuran-3-carboxamide
corapound 81

3
A

(802221 Yield: 32%; "HNMR (300 MHz, DMSO-dy) § 8.63 (s, 1 H), 7.91 (s, | H), 7.54 (s, | H).
741-7.43 (m, 1 H), 7.08-7.1% (m, 4 H}, 6.93 (s, 1 H), 3.80 (s, 3 H); ESI-MS: mv/z 316.9 (M + Hiy+

l



s

[
(¥4

WO 2011/115998 PCT/US2011/028532

Attny Dkt No. 101%01.0001PCT

EtO
0O —
s 3O
| D—NH \_
S
N-{4-(4-Fthoxy-2,6-dimethylphenyljthiazok-2-yl}ispaicotinamide
compound 52

[80223]  Yield: 88%: "H NMR (500 MHz, CDCl3 3 8.70 (d, § = 6.0 Hz, 2 H), 7.58(d, | = 6.0 Hz,
2H), 6.78 (5, L H), 6.37 (5, 2 ), 3.95 (. T = 7.0 He, 2 H), 1.94 (5, 6 ), 14100, F = 7.0 Hz, 3 H):

g
:\%EEL@”

N-{(4-(3,5-Dimethyibiphenyl-4-ylithiazol-2-yhisonicotinamide
compound 33

ESE-MS: nvz 353.6 (M + Hy+

[60224]  Yield: 78%: 'H NMR (500 MHz, CDCly) 8 8.58 (m, 2 H), 7.53-7.44 (m, 5 H), 7.37 (m,
1 HY, 7.03 (5,2 H), 6.86 (s, 1 H), 2.02 (s, 6 H); BSI-MS: m/z 385.7 (M + H)+

Cl
O —
| \>_NH \ //
S
Ne(4-{4-Chlore-2,6-dimethyiphenyDthlazol-2-ylisonicotinamide

corapound 58

[00225]  Yield: 89%; 'H NMR (500 MHz, CDCI) 3 8.76 (4, § = 6.0 Hz, 2 H), 7.57 {m, 2 H), 6.8
(m, 3 H}, 1.92 (s, 6 H); ESE-MS: nvz 343.8 (M + Hy+.

Q
N @CN
| D—NH
S

4 Cyamo-N-{4-{4-hydroxyphenylthiazol-2-yDhbenzaraide
compound 56

HO

b2

180226]  Yield: 38%; TH NMR (300 MHz, DMSO-dy) 8 8.28 (d, 2 H), 8.09 (d, 2 H), 7.8% (4,
), 7.31 (d, 2 H), 7.04-7.08 (m, 3 H); BSI-MS: m/z 322.0 (M + H)+,

HO
o =
\©\[N\>— N?ﬁ_@N
S

~~J
NS
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N-{4-{4-HydroxyphenyDtiazol-2-yhisonicotinamide
cornpound 87

[86227]  Yield: 75%; 'H NMR (500 MHz, DMSO-d5) 5 8.89 (4, 2 H), 8.01-8.06 (m, 2 H), 7.89
(d,7 H), 7.32 (d, 2 H), 7.05-7.09 (o, 3 H); ESI-MS: nviz 297.6 (M + Hi+.

HO

o =

N \ /N

| Y—NH N7
S

N-{4-{4-Bydroxyphenyhthiazol-2-yipyrimidine-4-carboxamide
corapound 58

[00228]  Yield: 48%; 'H NMR (500 MHz, DMSO-d,) 5949 (s, 1 H), 9.18(d, 1 H), 8.23(d, 1 H),
7.86-7.91 (m, 2 H), 7.33 {d, 2 H}, 7.06-7.09 (m, 3 H} ESLI-MS: vz 1925 (M — 106,

aminothiazole).

HO

0] —
o)
| >—NH N /
S
N-{4-{4-Hydroxyphenylithizzol-2-yhpleslinamide
compound 59

{00229] Yield: 49%; H NMR (500 MHz, DMSO-ds) 6 8.82(d, 1 H), 8.24 (d, 1 H), B.07-8.10
{(m, 1 H), 7.88(d, 2 H), 7.73-7.75 {m, 1 H), 7.30(d, 2 H}, 7.05-7.08 (m, 3 H); ESI-MS: oz 297.7

(M + Hy+-

HO

0] =N
W
| H—NH \_7/
S
N-(4-{4-Hydroxyphenyhithiazol-2-vhnicotinanide

corapound 68

[66230]  Yield: 49%; 'H NMR (500 MHz, DMSO-d;) 59.26 (4, 1 H), 8.91 (d, 1 H), 847 (4, 1
), 7.89 (d, 2 H), 7.65-7.67 (m, 1 H), 7.32 (d, 2 H), 7.05-7.08 (m, 3 H); ESL-MS: m/z 297.6 (M +
H)+.

HG

>
N @CN
| D—nH
<

4-Cyano-N-{4-{4-hydroxy-2-methylphenylhthiazol-2-yiibenzamide
compound 61
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[60231]  Yield: 48%; " NMR (500 Mz, DMSO-d,) § 8.24-8.30 (m, 2 1), 8.04-8.11 (m, 2 /),
763 (d, 1 H), 7.00-7.20 (m, 4 H), 6.67 (s, | H); BSI-MS: m/z 335.7 (M + H)+.

MeO
0) —
I \>_NH \ /
S

N-{4-(3 5-Dflnoro-4-methoxyphenyithiazel-2-yllsonicotinamide
cornpound §2

1862321 Yield: 67%; 'H NMR (DMSO-ds, 500 MHz) 8 13.10 (s, | H), 8.82 (4,7 = 5.6 Hz, 2 H).
8.00(d, = 5.6 Hz, 2 H), 7.88 (s, 1 H), 7.70-7.72 (m, 2 H), 3.96 (s, 3 H); BSI-MS nvz 348.0 (M +
H)+.

N
MeO 78\

o M=
N NH

| D—nNH
s

E~{4~{4-Methoxy-2,6-dimethylphenylithiazol-2-yH-3-(pyridin-4-yDurea
compound §7

[B0233]  Yield: 40%: 'H NMR (500 MHz, DMSO-d;) 5 10.49 (bs, 1 H), 8.54(d, J = 6.5 Hz, 2 H),
7.94 (s, 2 H), 6.88 (s, 1 HJ, 6.74 (s, 2 H), 3.76 (s, 3 H), 2.10 (5, 6 H): BSI-MS: m/z 354.8 (M + H)+.

YH 7N\
0 N T
N NH
| D—nH
S

N3 5-Dimethyl-4-2-(3-pyridin-d-viureidojthiazol-4-yhphenylacetamide
compound 68

[80234]  Yield: 73%; 'H NMR (500 MHz, DMSO-dd;) 5 9.87 (s, 1 H), 9.40 (s, 1 H), 839 (d, I =
6.0 Hz, 2 H), 749 (&, F = 6.5 Hez, 2 H), 7.32 (s, 2 H), 6.92 (s, 1 H), 2.06 (s, 6 H), 2.04 (s, 3 H);

ESI-MS: m/z 381.8 (M + Hi+
o =
30
| D—nH \_7
S

N-{4-(2,4,6- T riisopropyiphery pthiazol-2-vhisoaicotinamide
compound 73
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[60235]  Yield: 62%; 'H NMR (500 MHz, CDCly) § 8.83 (d, 7= 5.5 Hz, 210), 7.83 (4. 1= 6.0 Hz,
2H), 7.06 (s, 2 H), 6.82 (5, 1 H), 2.94 (on, 1 H), 2.64 (m, 2 H), 1.29 (A I =7.0 Hz, 6 H), 1.13(d, I =
7.0 Hz, 12 H); ESI-MS: m/z 407.9 (M + H)+.

H
YN
0 QN /=
| N\>—N?-|_<\:/’\N

S

5
N-{4-{4-Acetamido-2,6-dimethyiphenyDiliarol-2-vhisonicotinamide
corapound 74
[00236]  Yield: 39%; 'H NMR (500 MHz, DMSO0-ds) 8 13.03 (bs, 1 H), 9.86 (s, 1 H), 8.80(d, ¥
=55Hz, 2H), 7.99(d4, ] =55Hz, 2 H), 734 (s, 2 H), 7.13 (s, 1 H}, 2.06 (s, 6H); ESEMS: nvz
14 385.7 (M + H)y+.

O —
N N
e
S F

3-Fluore-N-(4-mesitylihiazol-2-vhisonicotinamide
compound 77

15 [80237]  Yield: 23%: 'H NMR (500 MHz, CDCL) 8 1132 (bs, | H). §.57 (m, 2 H), 7.80 (1, J =

5.5Hz, TH),680(s,1 H),6.71 (5,2 H), 2.23 (s, 3 H), 1.96 (s, 6 H); ESI-MS: nv7 341.9 (M + H)+.
MeO, F

o =
o 3O

F |\>_NH\/
S

N-{4-(2,6-Difluoro-4-methoxyphenyhithiazel-2-yllisonicotinamide

20 compound 78
[00238]  Yield: 49%; 'H NMR (DMSQO-dy, 500 MHz) 8 13.13 (s, 1 H), 8.81(d, J =5.9 Hz, 2 H),
RO0{d, J=59Hxz 2 H}, 7.46 (s, 1 H), 6.86—-6.38 (m, 2 H), 3.83 (8, 3 H); BSI-MS: /2 348.7 (M +
H)+.
O
e Yo
N \ /N
B»—NH
25 l S>_

N-{4-(2,6-Dimethyl-4-phenoxyphenyDthiazol-2-yhisonicotinamide
compound 74

[60239]  Yield: 30%: 'H NMR (500 MHz, CDCL) 5 8.81 (d, ] = 5.5 Hz, 2H), 7.99(d, J = 5.5 Hz,

ZHY, 741, )=80H2, ZH), 719, T H), 715 (t, J=75 Hz, | H), 7.04 (&, J =82 Hz, 2 H}, 6.78
30 (s, 2H),2.07 (5, 6 H); BESI-MB: m/z 401 8 (M + H)y+.

-~J
[,



W

10

15

b2
i

WO 2011/115998 PCT/US2011/028532

Yfg o0 ~
|Z\>—NI>-|_@N

N-(4-{4-Isopropexy-1,6-dimethyiphenyDthiazol-2-yvhisonicotinamide
compound §2

Attny Dkt No. 101%01.0001PCT

[80240]  Vield: B0%; 'H NMR (500 MHz, CDCly) § 8.67(d, T = 6.0 Hz, 2 H), 7.55 (4, 1 = 6.0 Hz,
2T, 6.77 (s, 1 H), 6.30 (s, 2 H), 4.43 (m, 1 1), 1.89 (s, 6 H), 1.31(d, J = 6.0 Hz, 6 H); ESI-MS: m/x
368.1 (M + H)+.

N o0 —
| N\>—N?-|_<\:/’\N
S

N-{4-{4-(Cyclopentyloxy}-2,6-dirnethyiphenylithinzol-2-yHisonicotinamide
conmpound 85

[00241]  Yield: 62%; 'H NMR (500 MHz, CDCI) 88,71 (d, ] = 6.0 Hz, 2 H), 7.60 (d, J=6.0 Hz,
2H),678¢(s, 1 H),6.37(s, 2 H}, 468 (m, | H}, 1.95 (s, 6 H), 1.8G-1.92 (m, 6 H}, 0.85 (m, 2 H};
ESI-MS: m/z 3947 (M + H)+

OH
O.

O, —
S

N-{4-{4-(2-Hydroxypropoxyp-2,6-dimethyliphenyhthiazol-2-ylisonicotinamide
compound 94

[00242]  Yield: 4.0%; 'TH NMR (CDCly, 500 MHz) 5 8.80 (d,J = 5.9 Hz, 2 H), 7.69(d, J = 5.9
Hz 2 H), 6.81 (s, | H), 6.55 (5. 2 H), 4.19-4.25 (brs, 1 H), 4.10-4.15 (m, 1 H}, 3.91-3.98 (m, 1 H).
378-3.82 (m, 1 H), 2.05 (s, 6 H), 1.28 (s, 3 H); ESE-MS: m/z 384.7 (M + Hy+

O
Me0/©/ N - N
% | N\>—N?-|_<\://\
S

Ne{4-{4-(4-Methoxyphenoxy}-2,6-dimethyiphenylithinzol-2-yDisonicotinaride
compound 95

(002431 Yield: 95%; 'H NMR (500 MHz, CDCly) 8 8.73 (m, 2 H), 7.62 (m, 2 H), 6.90-6.96 (m,
AH), 6.80 (s, 1 H), 6.45 (s, 2 H), 3.83 ¢s, 3 F). 1.92 (5. 6 H); ESL-MS: my/z 431.7 (M + H)+.

F/©/ \q[N%z?‘_@N

76
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N-{4-{3-(4-Fluorophenoexy}-2 6-dimethylphenyljthiazel-2-ylisondcotinamide
cornpound 96

(002441  Yield: 17%; 'H NMR (500 MHz CDCI) 8 R.72(d, 1 =5.5 Hz, 2 H), 7.60 (d. I=5.5 Hz,
2H), 7.04 (m, 2 HY, 6.94 (m, 2 H), 6.81 (s, 1 H), 6.43 (s, 2 H). 1.92 (s, 6 H); ESI-MS: m/z 420.2 (M

5+ HY
3O
N N
| \>_NH \ /
S

N-{4-{4-(2,3-Dihydroxypropexy)-2,6-dimethyiphenylithiazol-2-yDisonicotinamide
compound 97

OH
HO o

10 [#0245]  Yield: 12%; "H NMR (DMSO-dy, SO0 MH2) 5 8.78 (d, T = 4.5 Hz, 2 H), 7.98(d, T = 4.5
Hz, 2 H), 7.15 (s, 1 H), 6.69 (5, 2 H)., 4.95-4.96 (o, 1 H), 4.68-4.69 (o 1 H). 3.97-3.9% (m, | H).
3.84-3.85 (m, 1 H), 3.78-3.79 (m, 1 H), 2.06 (s, 6 H); ESI-MS: m/z 400.7 (M + H)+.

/k/o
O, —
| N\>—N\|>-|_<\3N
S

13 N-{4-{4-Isobutoxy-2,6-dimethyiphenyhithiazol-2-yhisonicotinamide
compound 188

(802461  Yield: 99%; 'H NMR (500 MHz CDCly) 8 R.68 (d, 1= 6.0 Hz, 2 H), 7.56 (d. I=6.0 Hz,
DH) 67T (5, 1 H), 6.33 (s, 2 H), 3.62 (d, = 6.5 Hz, 2 H), 2.08 (o, 1 H), 1.91 (5,6 H), 1.05(d, =
6.7 Hz, 6 H); ESE-MS: m/z 3811 (M + Hy+

20
o
\q[ \>—NH
N-{(4-{4-({Benzold}{1,3]dioxol-3~-yloxy)-2,6~ élmtthyiph&nﬂ)thl azol-2-ylisonicotinamide
compound 181
1002471 Yield: 92%: H NMR {500 MHz, CDCl3) 8 8.73 (m, 2 H), 7.62 (o, 2 H), 6.81 (s, 1 H),
25 678 (d, J=8.5Hz 1 H), 643-6.52 (m, 4 H), 6.00 (s, 2 H), 1.93 (s, 6 H); ESI-MS: m/z 4459 (M +
Hy+,
\Q/o
0, —
} h f»—N?T@
N-(4~(4-(395~Dimeti’ayiphenaxy}—%&dimeth?‘lphenyi}thiﬂml-)‘.-yi}ismﬁmtinamide
30 compound 162

~J
~J
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[60248]  Yield: 94%; 'H NMR (500 MHz, CDCl,) § 8,81 (d, 7= 5.1 Hz, 210, 7.78 (4, T= S.6 Hz,
2H), 6.84 (s, 1 H). 6.78 (5, 1 H), 6.64 (5, 2 H), 6,61 (5,2 H), 2.31 (s, 6 H), 2.02 (s, 6 H); BSI-MS:

m/z 4298 (M + Hyt.
MeO o
[ :] l l Q =
| N\>—N>:1—<\://\N
s

N-{4~{4-(3-Mcthoxyphenoxy}-2,6-dimethylphenviithiazol-Z-yhisonicotinamide
compound 187

[0249]  Yield: 51%; 'H NMR (500 MHz, CDCL) 8 8.75 (m, 2 ), 7.62 (m, 2 7, 7.25 {m, 1 H),
6.82 (s, 1 H), 6.69 (m, 1 H), 6.56 (4, 1 H), 6.51 (m, 2 H), 6.47 (s, 2 H), 3.81 (s, 3 H), 1.94 (s, 6 H);

ESE-MS: m/z 431.6 (M + H)+.
0 =
FaC .
| N\>—N>H_<\://\
s

N-{4-(2,6-Dimethyl-4-(4-(frifluoromethyhphenoxyiphenvhithiazol-2-yhisonicotinamide
compound 188

[602568]  Yield: 87%: 'H NMR (500 MHz, CDCls) § 8.76 (mn, 2 H), 7.64 (m, 2 H), 7.58(d, T = 8.5
Hz, 2H), 7.01(d, } =85 Hz, 2 H), 6.86 (5, 1 H), 6.57 {5, 2 H), 1.98 (5, 6 H); ESE-MS: vz 469.7 (M
+ Hyt+

OMe

O, —
S

No{4-{4-(2-Methoxyphenoxy}-2,6-dimethyiphenylithinzol-2-y Disonicotinaride
compound 111

(062517 Yield: 85%; 'H NMR (300 MHz, DMSO-ds) 5 8.80-8.81 (m, 2 H), 7.98-7.99 (m, 2 H),
7.16-7.21 (m, 3 H), 6.99-7.06 (m, 2 H), 6.59 (s, 2 H), 3.76 (s, 3 H), 2.03 (s, 6 H); ESE-MS: mvz

431.5 [M + H]+.
o
Fone U
| N\>—N?~|_@N
S

N{4-(2,6-Dimethyi-4-{p-tolyloxy)phenythiazel-2-yhisonicotinamide
compound 112

[00252]  Yield: 89%; "H NMR (500 MHz, DMSO-ds) 6 8.80-8.81 (m, 2 H), 7.98-7.99 (m, 2 H),
718722 (m, 3 H), 6.94-6.95 (m, 2 H}, 6.73 (5, 2 H}, 2.30 (5, 3 H}, 2.06 (5, 6 H}; ESI-MS: m/z
414.9 [M - H]-
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O.
N
|N\>—N>H_<\3
S

N-{4-(4-{4-Ethyiphenoxy)-2,6-dimethyiphenylthiazol-2-yljisonicotinamide
compound 113

[60253]  Yield: 91%; 'H NMR (500 MHz CDCl) 3 R.78 (d, J = 6.0 Hz, 2 H), 8.67 (m, 2 H). 7.18
(6.1 =8.0Hz 2 H), 6.93 (4, ] = 8.5 Hz, 2 H), 6.83 (s, 1 H), 6.56 (5, 2 H), 2.65 (m, 2 H), 1.98 (s, 6
H), 1.26 (1, J = 7.5 Hz, 3 H); ESI-MS: n/2 429.6 (M + H)+.

|
[ l o =
| N\>—N?-|_<\:/’\N
S

N-{4-(4-Fodo-2 6-dimethyiphenyl}thiazol-2-yhisonicotinamide
compound 114

[80254]  Yield: 61%; 'H NMR (500 MHz, CDCl3) 8 8.76 (m, 2 FI), 7.52 (o, 2 ), 7.11 (s, 2 1,
6.80 (s, 1 H), 1.84 (5, 6 H); ESI-MS: mvz 435.6 (M + Hy+.

o -
Q:[}—Z%_@N

N-{4-(2,6-Diraethyl-4-{phenyithio)pheayDthiazol-2-yDisonicotinamide
compound 113

[90258]  Yield: 63%; 'H NMR (DMSO-ds, 500 MH7) 8 8.77 (d, T = 5.4 Hz, 2 H), 7.98(d, ] = 5.4
), 7.38-7.40 (m, 2 H), 7.31-7.35 (m, 3 H), 7.11 (5. 3 H), 2.07 (s, 6 H); ESE-MS: m/z 418.8

He 2 F
(M + B
S
/© O>—<j
N N
| S—NH \_/
S
No{4-{2,6-DBimethyi-4-(p-tolyithio)phenyhithiazob-2-yhisenicotinamide
compound 116
{B0256]  Yicld: 84%; TH NMR {(DMSO-d, SO0MHZ) 6 8.78 (d, J =52 He, 2 H), 7.98(g,1=52

Lad

Hz, 2H}, 730 {(d, ] =80Hz 2 H), 723 (d, T=80Hz, 2 H), 7.10 (5, L H), 7.02 (8, 2 H}, 2.36 {5,
H}, 2.04 {s, 6 H};, BESI-MS: vz 432.5 (M + H)+,

S
Me0/©/ Q -
N N
% | \>—N>H_<\3
S

N~{4-(4-(4-Methoxyphenylthio}-2,6-dimethylphenyijthiazel-2-yi}isonicotinamide
compound 117
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[86257]  Yield: 64%; T NMR (DMSO-dy, 500 MHz) 8 8.79 (d, T = 5.0 Hz, 2 H), 7.98 (4, 7= 5.0
Hz, 2 H), 743 (d 1 =84 Hz 2 H), 712 (s, L H), 7.02 (. J = 8.4 Hz, 2 H), 6.92 (s, 2 H), 3.79 (s, 3
), 2.02 (s, 6 H): BSI-MS: nvz 448.1 (M + Hy+,

o

MeO N R \_N
B
S

N-{4-(4-(4-Methoxyphenoxy -2 S-dimethylphenyhithinzel-2-vi}-3-methylisonicotinamide
compound 121

(802581  Yield: 62%; 'H NMR (500 MHz, DMSO-dy) 5 12.8 (s, 1 H), 8.54-8.58 (m, 2 H),
7.55-7.56 (m, 1 H), 7.14 (s, 1 H), 6.96-7.03 {m, 4 H), 6.67 (5, 2 H), 3.76 (5. 3 H), 2.40 (s, 3 H), 2.05
(s, 6 H); BSI-MS: m/z 445.7 [M + H+

o 3-C
S

N-{4-{4-(4-Bromophenyiamino}-2, 6-dimethylphenyhtbiazel-2-yHsonicotinamide
compound 122

(802591 Yield: 60%; 'H NMR (500 MHz CDCl) 8 R.79(d, J=4.5 Hz, 2 H), 7.85 (d. =4.5 Hz,
2H), 7.39(d, § = 8.6 Hz, 2 H), 6.97 (3, = 8.6 Hz, 2 H), 6.83 (s, 1 H), 2.05 (5, 6 H); BSI-MS: myz

4792 (M + H)+.
H Br
Cr O
N
()b
S

N-{4-(3-Bromo-2,6-dimethyl-4-{phenylaminoiphenyDibiazol-2-vhisonicotinamide
compound 123

[60268]  Yield: 58%; 'H NMR (500 MHz CDCl) 3 R8.87 (d, = 4.5 Hz, 2 H), 8.02 (d, J=4.5 Hz,
2H), 747 (d, J = 8.6 Hz, 2 H), 7.08 (4, J = 8.6 Hz, 2 H), 6.89 (s, 1 H), 6.85 (s, 1 F), 6.24 (s, 1 H),
2.04 (s, 6 H); BSI-MS: m/z 479.3 (M + Hj+.

o
MeO < -
N \ N
| D—NH
S

N-{4-(4-{4-Methoxyphenoxy)-2,6~-dimethylphenylithiazel-2~-yi)-2-nitroisonicotinamide
compound 124

]G
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[80261]  Yield: 94%; 'H NMR (500 Mz, DMSO-d;) 5 8.82 (s, 1 F), 8.71-8.72 {m, 1 F),
§.39-8.40 (m, T H), 7.01-7.03 (m, 2 H), 6.96-6.99 (m, 2 H), 6.64-6.67 {mn, 3 H), 3.75 (s, 3 H), 2.03
(s, 6 H); ESI-MS: nv/z 476.8 [M + Hi+

Q%Hm

N-{4-(2,6-Dimmethyi-4- (\me!h‘yiﬂin(ﬁ)g)henyi)‘thmﬂaim ~yhisonicotinamide
compound 128

1002621  Yield: 94%; 'H NMR (300 MHz, CDCL) § 8.66-8.68 (m, 2 H), 7.49-7.50 (m, 2 H),
677 (s, 1 H), 6.57 (s, 2 H), 2.42 (s, 3 H), 1.87 (s, 6 H); BSI-MS: m/z 355.6 (M + H)+

O,
_s

o) —
S

N-{4-(2,6-Dimethyl-4-(methylsulfonyDphenyijthiazol-2-ylisonicotinamide
compound 127

[60263]  Yield: 39%; 'H NMR (500 MHz, CDCly) 8 8.80-8.81 {m, 2 H), 7.98-8.00 (m, 2 H),
770 (s, 2 H), 7.30 (5, 1 H), 3.30 (s, 1 H3, 2.20 (5, 6 HY; BSI-MS: ovz 387.6 (M + H)+.

Gy
or
MeO < T
N \ /N
| D—nn
S

N-{4-(4-(4-Methoxyphenylsulfony}-2,6-diroethylphenylithizzol-2-yhHisonicotinamide
compound 129

[80264]  Yield: 61%; 'H NMR (DMSO-dy, 500 MHz) 5 8.79 (s, 2 H), 7.97 (d. J = 6.0 Hz, 2 H),
791¢d, J=8.9He, 2 1), 7.69 (s, 2 H), 7.27 (s, L H), 7.15 (a4, T = 8.9 Hz, 2 1), 3.84 (s, 3 H), 2.16 (s,
6H); BSI-MS: m/z 480.6 (M + H)+.

O
0r
(@) —
eO N
oy 3
S

N-{4-(4-(4-Methoxyphenyisulfiny-2 6-diseethyviphenyhithinzoel-2-yiisonicotinamide
compound 138

&1
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[B0268]  Yield: 43%:; 'H NMR (DMSO-d,, 500 MHz) § 13.1 (brs, 1 H), 8.80 (4, ] = 6.0 Hz, 2 1),
797 (d, 1= 6.0 He, 2 H), 7.66 (&, F = 8.8 Hz, 2 H), 7.42 (s, 2 H), 7.23 (s, 1 H), 7.10 (d, T = 8.8 He,
2 HY, 3.80 (s, 3 H), 2.13 (s, 6H); BSI-MS: m/z 464.7 (M + H)+.

ooy
G —
Moo S
| D—niH
S
N-{4-{4-{4-methoxyphenoxy-2,6-dimethylphenylthiazol-2-yhisonicotinamide
compound 131

[80266]  Yield: 24%; 'H NMR (500 MHz, CDCL) 8 8.80 (s, 2H), 7.70(d, J = 5.1 Hz, 2 H), 6.97
(m, 2H)L 692 (m, 3HL6T70(3,i=24Hz 1 HYL 661 (4, 1=23, 1 H),383(,3H},2.02(,3Hy;
10 ESEMS:m/z452.4 (M +H)+

AN o col AN AR
\ —_—
\[S>_ N e T CRiC [ JNH

[00267]  General Procedure U for the Synthesis of 4-Aryl-2-amidothiazoles. To a suspension of

aryicarboxylic acid (1.5 equiv} in dichloromethane was added 1,1 ~carbonyldiimidazole (CD, 3.0

15 equiv). After being stirred at room ternperature for 2.0 b, the sohution was added with
4-aryithiazol-2-amine (4.0 equiv}. The reaction mixture was stirred at room temperature overnight.
The solution was concentrated and the residue was re-dissolved in dichioromethane. The solution
was washed with brine, dried over MgSO;, and concentrated under reduced pressure o give the
correspondiog 4-aryl-2-amidothiazoles.

20

0O —
\%N% N?_{—@N
S

N-{4-Mesitvithiazol-2-yDisonicotinamide
compound 1

[60268]  Yield: 77%; 'H NMR (500 MHz, CDyOD) 5 8.75-8.76 (m, 2 H), 7.96-7.99 (m, 2 1),
25 6.90-6.92 (m. 3 H). 2.29 (s, 3 H). 2.08 (s, 6 H): ESI-MS: myz 324.0 [M + H]+

(@) —
S

N-{5-Methyi-4-phenylthiazol-2-yisonicotinamide
compound 2
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[80269]  Yield: 77%; 'H NMR (500 MHz CDCL) § 11.7(s, 1 H), 8.61-8.62 (m, 2 H), 7.51-7.53
(m, 2 1), 7.41-7.43 (m, 2 H), 7.26-7.30 (m. 2 H), 7.20-7.22 (m. 1 H), 2.54 (s, 3 H); BSI-MS: m/z

2953 [M -+ H}+
N
| D—NH \_/
S

N-(B-Methyl-4-phenyithdazol-2-vDnicotinamide
compound 3

[00278]  Yield: 15%; "H NMR (500 MHz, CDCLYS 11.7 (s, 1 H), 9.03 (s, 1 H), R.68-8.69 (m, 1
H), 8.06-8.08 {m, 1 H), 7.45-747 (m, 2 H}, 7.22-7.31 (m, 4 H}, 2.54 (5, 3 H}; ESI-MS: myz 2859

M+ Hi+
MeO.
0 —
| N\>—N?4_<\3N
S

N-{(4-(4-Methoxyphenyl}-3-methylthiazol-Z-yDisonicotinamide
compound 16

[00271]  Yield: 12%; 'H NMR (500 MHz, DMSO-dy) § 12.9 (s, 1 H), 8.80-8.81 (m, 2 H),
7.99-8.00 (s, 2 H), 7.61-7.63 {m, 2 H), 7.02-7.04 {m, 2 H), 3.80 (s, 3 H), 2.49 (s, 3 H); BS1-MS:
vz 326.0 [M + Hi+

MeO. OMe

0 =
s O
MeO L D—NH \_
S

NA4-(2.4,6-Trimethoxyphenyhithiazol-2-yDisonicotinamide
compound i1

[86272]  Yield: 12%; 'H NMR (500 MHz, DMSO-d) & 13.0 ¢s, 1 1), 878 (s, 2 FI), 7.98-8.00
(o 3 H), 6.98 (s, 1 H), 6.29 (s, 2 H), 3.82 (s, 3 H), 3.68 (s, 3 H); BESL-MS: miz 369.9 [M — H]-.

) —
o 3O
| \>_NH \ /
S
N-{4-{4-MethoxyphenyDithiazol-2-yhisonicotinamide
compound 12

MeO.

[00273]  Yield: 50%; 'H NMR (500 MHz, CDCL) 8 11.7 (s, 1 H), #.61-8.62 (m, 2 H), 7.51-7.53
(m, 2 H), 7.41-7.43 (m, 2 H), 7.26-7.30 (m, 2 H), 7.20-7.22 (m, | H), 2.54 (s, 3 H); ESI-MS: vz
310.1 [M —-H]-

83



Lh

10

WO 2011/115998 PCT/US2011/028532
Attny Dkt No. 101%01.0001PCT

MeO

0) —
L 5O
MeO | \>_NH N\
S

N-{4-2 4-DirmethoxyphenyDthiazol-2-yhisonicotinamide
corapound 13

1662741 Yield: 10%; 'H NMR (500 MHz, DMSO-d5) 5 12.97 (s, 1H), §.81-8.82 (m, 2 H),
8.00-8.07 (m, 3 H), 7.59 (s, 1 H), 6.64-6.68 (m, 2 H), 3.92 (s, 3 H), 3.81 (s, 3 H); ESI-MS: m/z

3403 [M - H]-
MeO Cl
e
N N
| D—NH \_
s

2-Chlore-N-{4-{4-methoxypbenyhthiazol-2-vhisonicotinamide
corapound 34

(902758 Yield: 95%; 'H NMR (500 MHz, CDCL) 5 8.33-8.34 (m, 1 H), 7.47-7.54 (m, 4 H),
7.11 (s, 1 H), 6.79-6.80 (m, 2 H), 3.81 (s, 3 F); ESEMS: m/z 3457 [M + H}+

Me( O
Ix®
N N
| D \_
S

2-Chlore-V-{4-{3-fluoro-d-methoxyphenylithiazol-2-yDisonicotinamide
compound 63

100276]  Yield: 83%; 'H NMR (500 MHz, CDCL) 8 8.52-8.53 (o, 1 H), 7.69-7.70 (m, 1 H3,
7.59-7.60 (m, 1 H), 7.28-7.47 (m, 2 H}, 7.16 (5, | H}, 6.93-6.97 (m, | H}, 3.93 (3, 3 H}; ESI-MS:

w/z 363.7 (M + Hit+.
Cl
19
N N
| D—NH \_
S

E-Chloro-N-(4-mesitylthiazol-2-yhisonicotinamide
compound 64

{00277 Yield: 87%; "H NMR (500 MHz, CDCL) 8 §.49-8.50 (m, 1 H), 7.74 (m, 1 H), 7.62 {m,
THL 683 (s, 1 H)Y, 672 (m, 2 H), 226 (s, 3 H), 1.97(s, 6 H}; ESE-MS: /2 3577 (M + HiH

’4
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2-Chlore-N-{4-{4-meethoxy-2,8-dimethyipbenyhitiazob-2-y)isonicotinamide
conmpound 65
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(00278 Yield: 63%; TH NMR (500 MHz, CDCL) 8 8.60-8.61 (s, 1 H), 7.91-7.96 (v, 2 H),
6.87 (s, 1 H), 6.38 (m, 2 H), 3.81 (5,3 H), 2.11(s, 6 H}; ESE-MS: m/z 373.9 [M + Hi+

5
N N
| \>_NH \ /
S
2-Chlors-N-(4-(4-cthoxy-1,6-dirsethyiphenylthiazoel-2-ylisonicotinamide

compound 66

[00279]  Yield: 95%; 'H NMR (500 MHz, CDCL) 8 8.53-8.54 (m, 1 H), 7.74-7.84 (m, 2 H),
6.83 (s, 1 H}, 6.48 (m, 2 H}, 3.98-4.02 (m, 2 H), 2.01(s, 6 H}, 1.41-1.44 (m, 3 H); ESI-MS: vz

387.9 [M + Hi+
eQ F
e
N N
| \>_NH \ /
S

2-Fluore-N-(4-(4-methoxy-2,6-dirnethyipherylithiazol-2-yBiso sicotinamide
corapound 6%

(602807  Yield: 68%; 'H NMR (500 MHz, CDClL) 8 8.36-8.38 (m, 1 H), 7.72 (s, 1 H), 7.42 (s, |
H), 6.84 (s, 1 H), 6.48 (s, 2 H), 3.78 (s, 3 H), 2.03 (s, 6 H); ESE-MS: nv/z 357.5 [M + H]+.

t0 F
3G
|N\>_NH \ /N

S

N-{4-(4-Ethoxy-2,6-dimethylphenylthiazol-2-yi)-2-fluoroisonicotinamide
compound 78

[B0281]  Yield: 94%: 'H NMR (500 MHz, CDCL) § 8.39-8.40 {m, 1 H), 7.78 (s, 1 F), 7.48 (s, 1
HY, 6.85 (s, 1 H), 6.50 (5,2 H). 3.95-4.01 (g, 2 H), 2.05(s, 6 H), 1.42-1.44 (1, 3 H); ESE-MS: nv/z

371.8 [M + H]+.
ey 3O

4-(4-Mesitylthiazol-2 »ﬂmrbammi}pynéme f-oxide
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compound 71

[60282]  Yield: 75%: 'H NMR (500 MHz, CDCL) 8 8.15-8.16 (d, 2 F), 7.78-7.79 (d, 2 H), 6.83
(s, 1 H), 6.80 (5,2 H}, 2.23 (s, 3 F), 2.01 (s, 6 H); BSE-MS: m/z 340.1 [M + H]+.

MeO

O, —
| D—NH \_
s

5
4-{4-(4-Methoxy-2,6-dimethyiphenyDthlazol-I-ylcarbamoyDpyridine 1-oxide
compound 72
180283]  Yield: 43%; TH NMR (300 MHz, CDCLY 8 8.23 (s, 2 H), 8.04 (s, 2 H), 6.85 (s, 1 H),
6.60(s, 2 H}, 380 (s, 3H), 2.12 (s, 6 H); ESI-MS: my/z 355.8 {M + Hi+
10

MaO
o
N 4 J
| S>—nH 8
Q

N+{d-(4-Mcthoxy-2,6-dimethylphenyhthiazol-2-yijthiazole-S-carboxamide
compound 75

[B0284]  Yield: 18%; 'H NMR (500 MHz, CDCl) 5 9.01 (s, 1 H), 8.66 (s, 1 H), 6.82 (s, 1 H),
15 6.59(s,2 H), 3.81 (5,3 H), 2.13 (s, 6 H); ESI-MS: my/z 345.6 [M + H+.

F
F
[ l o =
N
Fo :%N?*_@

N-{4-(2,4,6- Tritluorophenyljthiazol-2-yDisonicotinamide
compound 76

20 [80285]  Yield: 46%; 'H NMR (500 MHz, CDCL) 8 8.78-8.79 (m, 2 H), 7.73-7.74 (m, 2 H),
7.26-728 (m, 1 H), 6.76-6.79 {(m, T H), 6.67-6.70 (m, 2 H); ESL-MS: m/z 3355 [M + H]+.

26~
O —
N N
| \>—N?i_§\:/’\
S Cl

3-Chioro-N-(d-mesityithiazol-Z-yHisonicotinamide
compound 8¢

3
(v

[00286]  Yicld: 21%:; 'H NMR (500 MHz, CDCL) 5 8.6% (s, 1 H), 8.59-8.60 (m, 1 H), 7.54-7.55
(m, 1 H), 6.81-6.83 (m, 2 H), 2.30 (5,3 H), 2.01 {3, 6 H}; ESI-MS: mv/z 357.8 [M + HJ+.

’6
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3¢
N N
| D—NH \_
s

I-Chioro-N-(d-mesityithiazol-2-vhisonicotinamide
compound 81

[00287]  Yield: 42%; 'H NMR (500 MHz, DMSO-ds) 8 8.63-8.64 {m, 1 H), 8.11 (s, 1 H),
798-79%(m, 1 H), 7.12 (s, L H), 6.93 (m, 2 H), 2.50 (5, 3 H}, 2.05 (s, 6 H}; ESEMS: vz 357.9 [M

- Hb
OMe
3C)
N
IN\>—NH \
S

N-{4-Mesitylthiszol-2-vi}-2-methoxyisonicotinamide
compound 86

[00288]  Yield: 40%; "H NMR (500 MHz, CDCL) 8 8.38-8.39 (m, 1 H), 7.55-7.56 (m, | H),
741 (s, 1 H), 691693 (m, 2 H),06.85(s, 1 H),5.30(s, 1 H),4.00(s, 3 H),232{,3H).L 212,86
H}, ESEMS: my/z 3550 [M -+ Hl+.

OMe
o) —
N N
| \>_ NH \ /
S Cl
I-LChloro-N-{4-mesitylthinzol-2-y{i-6-mmethoxyisonicotinamide

compound 87

(602891 Vield: 63%: 'H NMR (300 MHz CDCL) 8 7.31 (s, 1 H), 7.06 (s, 1 H), 6.81 (s, 1 H),
6.76 (s, 2 H), 4.00 (s, 3, 2.32 (s, 3 H), 1.98 (s, 6 H); BSI-MS: m/z 387.9 [M + Hi+.

Cl
0) —
N N
| D—NH \ W
S Cl
2,6-Dichloro-N-{4-mesitylthiazel-2-yllisonicotinamide

compound 88

[B0290]  Yield: 70%; 'H NMR (500 MHz, CDCL) 8 7.61 (5, 2 H), 6.80 (s, 1 H), 6.73 (5, 2 H),
2.29 (s, 3 H), 1.94 (s, 6 H}; ESI-MS: vz 392.0 [M + H]+,

T

Z-Acetamide-N-{4- meﬁitwithwml' -yhisonicotinamide
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compound 8%
[00291]  Yield: 61%; "H-NMR (500 MHz, CDCHYS8.81 (s, 1 H), 337 (5, L H}, 7.80-7T77 (m, 1

H3, 6.91 (s, 2 H), 6.80 (s, 1 H}, 2.30 (s, 3 H), 2.26 (s, 3 F), 2.11 (s, 6 H); BSL-MS: m/z 381.2 [M +
H+.

W

o =

N N
| D>—NH (W

S F

2,6-Diflgore-N-{4-mesitylthinzol-2-vhisonicotinamide
compound B¢

1602921 Vield: 67%: "H-NMR (500 MHz, CDCl3) 8 7.1 (5, 2 H), 6.81 (5. | H), 6.68 (s, 1 H),
10 2.30(s, 3 H), 191 (s, 6 H); ESI-MS: vz 360.0 [M + H]+.

O
\q[ H—niH
S

N-{(4-Mesitylthiazol-2-y-2~(pyridin-4-yDacetamide
conpound 93

15 1002931 Yield: 65%; "H-NMR {500 MHz, DMSO-d,) 6 8.52-8.53 {m, 2 H), 7.35-7.36 (m, 2 H),
6.99 (s, 1 H), 6.91 (s, 1 H), 3.84 (s,  H}, 2.25 (8,3 H), 2.02 (s, 6 H); ESI-MS: m/z 338.1 [M + HJ+.
o F
O —
| D—NH
S
E-Flaore-N-{4-{4-(4-methoxyphenoxy-2,6-dimethyiphenyithiazol-2-yhisonicotinamide
20 compaound 98
[60294]  Yield: 70%; "H-NMR (500 MHz, CDCly) 8 8.38-8.40 (m, | H), 7.66-7.67 {m, 2 H},
7.43{s, 1 H), 6.98-7.00 (im, 2 H), 6.91-6.23{m, 2 H), 6.84 {5,  H}, 6.54 (5,1 H}, 3.83 (s, 3 H}, 2.0
(s, 6 H); ESI-MS: m/z 450.0 [M + H+
T F
In®
N N
B (W
25 S

Z-Filsoro-N-{4-(4-isopropoexy-2,6-dimethylphenyiithiazol-2-vlisonicotinamide
cotmpound B9

]8R
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186295]  Vield: 83%; 'H-NMR (506 MHz, CDCL) 8 8.40 {m, 1 H), 7.78 (s, 1 H), 7.50 (s, 1 H),
6.84 (5, 1 H), 6.53 (s, 2 H), 4.52-4.56 {m, 1 H), 2.06 (5, 6 H), 1.33 (s, 6 H); BSI-MS: m/z 385.8 [M
+ H,

(EN-(4-Mesttyithizzel-2-yB-3-{pyridin-3-yhacrylamide
compound 183

[90296]  Yield: 34% vield; 'H NMR (DMSO-d,, 500 MHz) 8 12.48 (brs, | H), 8.82-8.83 (m, 1
H), R.60-8.61 (m, 1 H), 8.04-8.05 (m, 1 H), 7.76-7.79 (m, 1 F), 7.49-7.51 (m, 1 H), 7.00-7.03 (m,
2H), 6.92 (5. 2 H). 2.26 (s, 3 H), 2.05 (s, 6 H); EST-MS: mvz 350.7 (M + H)+.

N
N
QS C If
N
| D—NH
S

N-{4-Mesitylthiazol-2-yl)-1 H-indazeole-6-carboxamide
compound 184

(802971 Yield: 25%; 'H NMR (DMSO-ds, 500 MHz) § 13.20 (brs, 1 H), 8.36 (s, 1 H),8.19 (s, 1
H), 7.87-7.88 (o, 1 H), 7.72-7.83 (m, 1 H), 7.00 (s, 1 H), 6.93 (s, 2 ), 2.27 (5, 3 H), 2.07 (s, 6 H):

ESI-MS: m/z 363.9 (M + H)+.
o) =N
N NH
| D—NH
S

N-{4-Mesitylthiazol-2-yi}-1 Heindazole-S-carboxamide
compound 183

[B0298]  Yield: 38% vield; 'H NMR (DMSO-~ds, 500 MHz) 8 13.20 (brs, 1 H), 8.66 (s, 1 H),8.26
(s, TH}), 808(d, J=84Hz, 1H}),7.65{(d, J=84Hz 1 H),7.02{s, 1H), 693 (5,2 H),2.36(s,3 H},
2.07 (5, 6 H); ESI-MS: mvz 363.9 (M + H}+.

e
@NH
\>—NH

N-{4-Mesitylthiazol-2-vi)- lH—benzoid}El 23] trinzole-S-carhoxamide
compound 186

Y
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802891  Yield: 41%; 'H NMR (DMSO-ds, 500 MHz) 5 8.78 (s, | F), 8.11 (4, J = 8.4 Fiz, | H),
796 (d, I =84 Hz, 1 H), 7.07 (5, 1 H), 6.93 (5, 2 H), 2.27 (s, 3 H}, 2.07 (s, 6 H); BSI-MS: nv/7 364.9

(M + H)+
\O/\/O
O, —
i | N\>—N?4_<\:/\N
S

N-{4-{4-(2-Methoxyethoxy)-2, 6-dimethyiphenyDibiazol-2-yvhisonicotinamide
compound 169

[60300]  Yield: 19%; 'H NMR (DMSO-d;, 500 MHz) § §.79-8.80 (on, 12H), 7.98-7.99 (i, 2
H), 7.08 (s, 1 H), 6.70 (s, 2 H), 4.08-4.10 (m, 2 H), 3.65-3.66 (m. 2 H), 3.31 (s, 3 H), 2.06 (s, 6 H);

ESI-MS: m/2 384.6 (M + Hy .
O
] l o =
[ N\>—N>H_<\://\N
S

N-{4-(4-(3-Methoxypropoxy)-2,6-dimethyiphenyDiliazol-2-yHisonicotinamide
compound 11§

e

[60301]  Yield: 58%: 'H NMR (DMSO-d,, $00 MHz) 3 8.78-8.79 {m, 2 H}, 7.98-7.99 (m, 2 H),
7.05 (s, 1 H), 6.69 (s, 2 H), 4.00-4.02 (m, 2 H), 3.46-3.48 (m, 2 H), 3.25 (s, 3 H), 2.06 (s, 6 H),
1.93-1.95 (m, 2 H); ESI-MS: m/z 398.8 (M + H)+.

\>—NH\/

4-{4-{4-{4-Methoxyphenoxy}-2,6- giimethvlphem {ithiazol-2-yicarbamoyDpyridine I-oxide
compound 124

[00382]  Yield: 69%; 'H NMR (500 MHz, CDCL) § 8.46-8.48 {m, 1 H), 8.39-8.43 (m, 2 H),
832-833(m, I H), 7.02-7.05(m, 2 H), 6.93-6.95(m, 3 H), 6.70 (s, 2 H), 3.84 (5, 3 H), 2.19 (s, 3
H}, 2.16 (s, 3 H}; BESI-MS: ovz 4478 [M + H}+,

oo, 4
o, =
€0 \ >_<\:§N
B
S

2-Fluoro-N-(4-(4-(4-methoxyphenylthio)-2,6-dimethyiphenyljthiazol-2-yhisonicotinamide
compound 126

[60303]  Yield: 65%; 'H-NMR (500 MHz, DMSO-ds) § 13.1 (s, 1 H), 8.46-8.47 (m, 1H),
793-7.94¢m, 1 H), 7.78 (s, 1 H), 7.42-7.44 (o0, 2 H), 7.19 (s, 1 H), 7.01-7.03 (m, 2 H), 6.91 (s, 2
), 3.79 (s, 3 H), 2.02 (s, 6 H); ESI-MS: mviz 465.4 [M + H}+.
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Exemplary Compounds and Inhibitory Aciivity

[60304]  The following table lists exemplary results for selected compounds illustrating the
antiproliferative activily on selected cancer cells using exposure of the cells in growth mediom with

the compounds as indicated. Antiproliferative effect is expressed as ICS8 values in microModar

final concentration.

Antiproliferative ICs (M)

_ompound Structure - s MBA-MB-46 | MDA-MB-23
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Exemplary Biological Activities of Selected Compounds
803051 The following data provide exemplary guidance with respect to the biological activity
of certain compounds i vitro and in vive. Where compounds are referenced by number, the

number is with regard to the compounds listed in the table above.

[80386]  Cytotoxicity and Antiproliferative Activity: Cells from established cell lines (e.g. from
cell lines like MDA-MB-231, MIDA-MB-468, Hela, and K562} were cultured in 10% FRS
{Hylcone) in DMEM medium {Sigma, D53323). Cells were grown at 37°C in a humidified

atmosphere with 5% COy and 95% air. Cells were seeded in 96 well tissue culture plates.

[80387] Compound treatment started afler overnight incubation of cells (T0). Compound was
prepared in an eight point 3x dilution fron 10uM to 4.6 nM. Compound was added to the plate in
triplicate wells, and the plates were then incubated for 96 hours. DMSO (compounds dikuents) was

also inciuded and added to the plate in control wells. Cell viability was then determined by MTS
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assay using CellTiter 96& A(Jucous non-radioactive cell proliferation assay system {Promega). A
plate reader (Molecular Devices, Vmax) was used to read the optical densities, and the results were
used to deduce concentration-response curves. All data represent the results of triplicate

experiments, and are the mean of three separate determinations with variations of less than +20%

r/;

o

The resulis were analyzed using linear regression sofiware (GraphPad Prism 5; GraphPad Software

inc.).

[00388]  The 150 values refer to the concentration that causes 50% growth inhibition. The
GISO values (growth inhibitory activity) were determined to emphasize on the correction for the
cell count at time zero; thus, the % inhibition of test drug were: [1- (T - TOXC - T8 x 106; and
these value were used to plot the concentration-response curves, and then analyzed with linea

regression software (GraphPad Prism 5).

[B0309]  As can be seen from Figurel A, sclected compounds had significant cytotoxic and
antiproliferative etfect on maltiple solid tomor cells as well as leukemia cells. In contrast, as can be
taken from Figure 1B, the same compounds at exhibited no significant cytotoxic and
antiproliferative effect on several normal cell lines. Here, WI-3& is human normal lung fibroblast
cell line, RPTEC is renal proximal tabule epithelial cells, HuVec is hurnan umbilical vein

endothelial cells, and HAoSMC is Human aortic smooth muscle cells.

[80319]  Selected compounds disrupt Hecl/Nek?2 Interaction, trigger Nek?2 degradation, and
increase Nek?2 protein instability: Cells were resuspended in ice-cold Lysis buffer 250 (50 mM
Tris-HCL pH 7.4, 250 mM NaCl, 0.3% Nonidet P-44, 10 ;M NaF, supplemented with protecase
hibitors) wevre subjected to three freeze/thaw cycles and cenirifuged at 14,000 rpm for 2 min at
room temperature. The supernatants were used for lysate analysis or immunoprecipitation. For
imownoprecipitation, superpatants were incubated with anti-Heel antibody mAbT 9G30r mouse
polyclonal anti-Nek? for 1-h, then with protein A-Sepharose beads for another hour. Beads were
collected and washed five times with lysis buffer containing hypertonie NaCi, and boiled in
SBS-isading buffer for immunoblot analysis. After imnwnoblotting to Immobilon-P membrane
{(Millipore Corp., Bedford, MA), blots were probed with anti-Heel antibodies or anti-Nek?
antibodies (Genetex, lrvine, CA}. Blots were developed using an ECL chemiluminescence kit
{Amersham Biosciences). Additional details can be found elsewhere (Phosphorylation of the
autotic z'c—:guiator protein Heel by Nek?2 kinase is essential for faithful chromosome segregation. J

Biol Chem. 2002 Dec 26;277(511:49408-16. Epub 2002 Oct 16).

1
H
i

303111 Figuves 2A and 2B depicis an exemplary result of such experiment where it {5 readily

apparent that selected compouands tested significantly disrupted Hec1/Nek2 interaction. Figure 2C

nn
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1
H
i

shows typical resuits of the Nek?2 reduction upon incubation of K362 cells for 24 hrs with TmeM of
tested compounds, and Figure 2D depicts results demonstrating protein instability of NekZ over

time after treatment of K562 cells exposed to selected compounds at | meM final concentration.

[80312]  Selected compoands induce aberrant mitosis: Cells were grown on cover slips and
gently washed with PEMG buffer [80 mM piperazine-N,N -bis(2-ethanesulfonic acid) (PIPES), pH
6.3, 5 mM EGTA, 1 mM MgCl,, and 4 M glycerol} or phosphate-buffered saline(PBS}. Cells were
then {ixed with 100% methanol at —20°C or 4% paraformaldehyde in PEMG or PBS baffer and
permeabilized with 0.4% Triton-X 100, Cells were blocked with 5% normal goat serum (NGS) in
PBES and incubated with primary antibodies in PBS with 5% NGB (1-2 h at room temperature).
Secondary antibodies were conjugated with Alexa 488 or 594 (Invitrogen, Carlshad, CA). After
incubation with secondary antibody, 4 ,6-DHamidino-2-phenylindole {BAPY) staining was applied
and cells were mounted on cover slides with Prolong gold anti-fade reagent {Invitrogen). Images
were captured with a Nikon H550L microscope equipped with digital cameras and SPOT digital
imaging software (version 4, Diagnostic Instrarnents, Inc). Further image analysis or quantification
was performed with fmage-Pro Phus (MediaCybernetics, Bethesda, MD) or Adobe Photoshop
software (Adobe Systerns, Mountain View, CA). Further details are deseribed elsewhere (Hecel
contributes to mitotic centrosomal microtbule growth for proper spindle assembly through

interaction with Hicel. Mol Biol Cell. 2009 Nov:20{22):4686-95, Epub 2009 Sep 231

1

{80313}  Figure 3 is a table depicting the effect of selected compounds on mitosis. More
specifically, the resulls are expressed as percentages of chromosome misalignment in mitotic cells
over 48 hrs. As can be taken, the tested compounds substantially affecied mitosis in a large rumber

feells.

{00314]  Sclected compounds are bighly selective kinase inhibitors: Inhibition of kinase activity
by test compound was measured by quantifying the amount of [P] incorporation of substrate in
the present of test compound. The siandard kinase assays were initiated with MgATP, in the
presence of test compound (diluted in final concentration of 4% BMS(O) or DMBO control, stopped
by the addition of 3 % phosphorie acid and harvested onto a {ilier plate using a unifilter harvester
{PerkinElmer, Boston, MA, LL5.A.) and counted using TopCount. For primary screening of kinase
activity inhibition, cach test compound was evahiated at two concentrations (10mM and 1mM} in
duplicationt. The results were the average of duplicate measurements and expressed as percentage
inhibition (compound treatment versus DMSO control). The available kinase assays are as

followed: VEGFRZ, PDGFR-B, FGFRI1, Fli3, e-Met, CHK L, CHKZ, Cdlki/Cyclin B, Augrora A,
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Aurora B, B-Raf, B-Raf (V60OOE), C-Raf, and mTOR. The ATP concentration used in most of the

Qo

kinase assay is at or below the Km for ATP for each enzyme.

303151  Despite the significant effects of contemplated compounds at very low 1C50, the

inhibitory profile was highly selective as can be seen from the table of Figure 4.

D

[80316]  Biocavailability: Selected compounds were administered to rais per os or via injection
following well known procedures. For example, compound 82 was injected i.v. at a concantration
of 2 mg/ke in a fornwlation confaining 5 % DMSQO, 10 % Cremophor, and 85% WFI. The table

below lists exermplary pharmacokinetic data

51 rat Tz Co AUC AU gine Vs Ve CL MR To.imr
Number (hry  (og/mi)  (rng/mb (heogml)  (mbkgy  (nlkgy  (mbhoke) {hrs)
No. | 6.85 8181 {0308 17849 985 1107 {12 8.20

No. 2 2.7% 5590 10659 11974 361 672 167 3.36
No. 3 578 7282 12797 19002 760 878 185 7.22
Mean 544 7017 11421 16275 769 883 128 5.46

SP 210 1316 1194 3776 212 218 34 2.80

[#0317]  Compound 82 was also orally administered at a concentration of 20 mg/kgina

10 forpwmiation containing 1 % methyl-cellulose. The table below lists exemplary pharmacokinetic

data

513 rat I AU, AU r Vz L MRTur
Number (hr}y t(hry (pg/mlbn) (ngmibry (kg {mlhr/kg) (hrs)
Mo, 1 2870 400 433 18376 28893 1175 180G 7.7%

No.2 3776 4,00 294 22384 28922 763 180 5.76

No. 3 4690 4.00 576 2840% 52324 825 3G 9.72

Mean 3777 4.00 441 23123 36713 921 153 7.73

S g1 0.00 141 4957 13519 222 46 1.98

I00318]  Similarly, PK data were obtained for compounds 42 and 95 with otherwise identical

formulations and routes of adnunistration. The following tables exemplarily illustrate the results.

15 (80319 Compound 42 iv. and oral are shown in the respective tables below:
SDrat Tin Cao AU, AUCq e Vz L MRT
Nuuber {he) {(ng/mly  (wgmihn  (g/mbhg (kg ltwkgy (rs)
No. i 1.40 13495 11628 1770 344 176 1.30
No. 2 (.99 £1344 10782 10823 265 185 1.28
No. 3 2.16 11625 10467 10730 582 186 1.28
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Mean 1.52 13488 10959 11108 397 180 1.26

S (.59 41 600 375 165 g 0.65
SD rat Croax Tia T AUCy, AUCo e Vss L MRT
Numiber  (ng/wmly  {ho (hr) (ng/mibry (mg/mlbey  (mVkgy  (nbharkg) (hirs)
No. | 6880 1.5 3.28 24858 24926 781.0 f65.3 346
No. 2 47260 1 3.30 21467 28547 (9.7 i91.2 3.78
Mo, 3 53730 1.5 2.97 22030 22051 800.7 186.8 2.83
Mean 5777 1.33 3.18 22785 22841 R30.5 1811 3.36
SD 1081 0.29 0.18 1817 1823 69.3 139 (.48

[86328]  Compound 95 iv. and oral are shown in the respective tables below:

SD rat Tin Cy AUC, AUCq e Vz CL MRT

Number (b} (ng/ml)  {(ng/mthy  (g/wlbry  (mbkegy  (obhoke)  Ges)

No. } 9.46 2519 7683 15275 1601 178% 131

No.2 471 3144 7735 10570 1831 1286 189

No. 3 7.99 5356 10851 18516 1043 1231 108

Mean 7.36 3673 8767 14787 1258 1435 143

sD 2.42 1451 1832 3996 300 307 42
Sy rat Crax . Tin AUC., AUC e Vss CL MRT
Number {ng/mly (b (hr) (ng/mibr) (ng/mlhn  (mbkg) (mbhrkg) {(hrs)
No. 1 639 4.00 .96 4043 13056 3225 224 4.40
No. 2 1380 4.00 12.86 D183 29968 1536 &3 438
No. 3 1200 1.06 9.75 5774 13863 2587 £75 3.92
Mean 1073 3.00 10.86 6333 18296 2426 f62 4.24
SD 386 1.73 1.74 2616 10206 742 72 4.27

[80323]  Selected compounds are effective in mouse xenograft model: The procedare was
adapted from a previous published protocol (Small molecule targeting the HeclNek?2 mitotic
pathway suppresses tumor cell growth in culture and in animal. Cancer Res. 2008 Oct
15;68(201:8393-9). More specifically, female BALB/c nude (nu/nu) nuce (53-8 weeks) were
purchased from Lasco {Taiwan). The animals were maintained under specific pathogen-free

conditions, and food and water were supplied ad /ibisum. Housing and all procedures involving
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animals were performed according to protocols approved by the JACUC in DCB. For subcutaneous
implantation of MDA-MB-468 and MDA-MB-231 cells, cells {1 x107 in matrix gel/animal, and (1.5
x 107 /animal, respectively) were injected subcutancously into the right subaxiliary region. Afier 10
days of temor implantation, mice were treated (7.v., QD/21 cycles or p.o., QY28 cyeles in total)
with vehicle A {8% DMSO0, 10% Cremophor, 85% HyO), or candidate compounds {ormulated |
vehicie A {7.5-150 mg/kg body weight}. Perpendicular diameter moeasurement of each mmor were
made with digital calipers and the volume of the tumor calculated vsing formula (Lx W x WY2, in
which L and W represent the length and the width, respectively. Body weights were measured three
times weekly. Mean tumor growth inhibition of each treated group was compared with vehicle

control and a Tamor growth inhibition value calculated using the formula; [1-(7/C) x100%].

[80322]  The im vivo effect of contemplated compounds on the tumeor volume in nude mice is
readily apparent from the graphs in Figures SA and 5B. Despite the tumor reduction, body weight

remained constant in all cases {data not shown},

363231 It should be apparent to those skilled in the art that many more modifications besides
those already described are possible without departing from the inventive concepts herein, The
inventive subject matter, therefore, 1s not to be resiricted except in the spirit of the appended claims.
Moreover, in interpreting both the specification and the claims, all terms should be interpreted in
the broadest possible manner consistent with the contexi. In particular, the terms “comprises” and
“comprising” should be interpreted as referring to elements, components, or steps in a
non-gxclasive manner, indicating that the referenced elements, components, or steps may be
present, or utilized, or combined with other elements, components, or steps that are not expressly
referenced. Where the specification claims refers to at least one of something selected from the
group consisting of A, B, C ...  and N, the text should be interpreted as requiring only one element

from the group, not A plus N, or B plus N, ¢t
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CLAIMS
What is clatmed is:
I. A compound having a structure according to Formuda 1
R! R?
0O

N RS
eI D—NH
R4 S

Formula T

R’ is hydrogen, alkyl, alkenyl, allynyl, alkoxy, aryl, halogen, nitro, cyano, cycloalkyl,
heterocycloalkyl, cyeloalkenyl, heterocyelaalkenyl, OR,, SR, NR,R,,
=3{OhR,, ~S(ORNR,R,, ~C{OR,, ~C{OINR, Ry, -NR,C(OIR,, ~NR,S{O)Rs,
~N=CR, Ry, or -NR,C{OINHR;

R, and Ry, are independently hydrogen, alkyl, alkenyl, alkynvl, arvi, aryloxy, alkoxy,
hydroxy, hetercaryl, cycloalkyl, heterocycloalkyl, cycloalkenyl, or
heterocycloalkenyl, or R, and Ry, together with a nitrogen atom to which they
are bonded, are heteroaryl, heterocycloalkyl, or heterocycloalkenyl;

R, R, and R” are independently hydrogen C,~C; alkyl, halogen, or OR,; and

R’ is alkyl, phenylalkyl, heteroarylaikyl, phenvalkenyl, heteroarvialkenyl, phenyl,
heteroaryl, heterocycloalkyl, or heterocycloalkenyi;

wherein each of R, R%, R, RY, R®, R, and Ry is independently optionally substituted;
and

with the proviso that

(1) where R' and R” are methy] and where R is hydrogen, R” is not thiazolyl,
N-methvlimidazolyl, pyrazinyl, pyridinyl, morpholinyl, phenyl, or
dimethoxyphenyl;

(I} where R, R? and R are methyl, R is not thiazolyl, N-methvlimidazolvl,

pyrazinyl, pyridinyl, morpholinyl, phenyl, methoxyphenyl, dibydroxyphenyl,

hydroxymethoxyphenyl, trifluoromethyiphenyl, or dimethoxyphenyl;

(111 where R’ and R” are methy! and where R’ is hydroxy! or methoxy, R is not phenyl.

ts

The compound of claim 1 wherein R'is alkoxy, SR, OR,, or , -S{O)R,, wherein R, is
alkyl or optionally substitated aryl, R?, R”, and R” are independently hydrogen or C—C

alkyl, and wherein R’ is optionally substituted heteroary!,
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(1

The compound of claim 2 wherein R'is alkoxy, SR, OR,, or , -S{O)pR,, wherein R, is

,,,,,

R . 2 3 . 5.,
alkyl or optionally substituted arvl, R™ and R are C—Cs alkyl, and wherein R™ is

optionally substituted pyridinyl.

The compound of claim 3 wherein R 18 OR,, wherein R, is optionally substituted arvi,

R* and R’ are €~ alkyl, and wherein R’ is optionally substituted pyridinyl.

The compound of claim | having a structure according to Formwula H

N Y. R’
¢ 0
//
X2 N )n

2 || D—NH
R3 S

Formula Il

wherein X' and X* are independently H, alkyl, alkenyl, alkynyl, halogen, nitro, cyano,
cycloalkyl, heterocycloalkyl, cycloalitenyl, heterocycioalkenyl, OR,, NR Ry,
=3(OnR,, =S{ORNRRy, ~C{O)R,, —C{OINR, Ry, -NR,C(O)Rs, ~NR,S{0):R;,
—N=CR,Ry, or -NRC(OINHR;

Y is CHy, CHR,, CR,Ry, O, NH, NR,, S, 80, or S04

RY R and R are independently H, alkyl, alkoxy, or halogen;

nis, 1, 0r2;

wherein each of X' and X’ is indcpendenﬁv optionally substituted;
Ra Rb
®- 1 1, 0
‘a
PSS
NN N N: N’N\
A o 0
% % _N % = L F
H H
ks K ks N

N=\ N
S N

; and

wherein R, and Ry is independently R,
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o

10.

I

The compound of claim 5 wherein Y is O, 8, or SO,

Ra
RC
)
WO R
. P , . . Rd
The compound of claim 5 wherein is
The compound of claim & wherein Y is O, 8§, or 5O, , wherein is
R®
RC
)
“ﬁ_‘. Z Rb
Rd

. and wherein R', R?, and R are independently H or alkyl.

The compound of claim 8 wherein X' and X° are independently H, alkyl, and alkoxy,

and wherein nis 0 or L.
The compound of claim 5 whereinn is G,

The compound of claim | having a structure according to Formuda TH

X1 Y. R1
0)
2

X Y N\>_N|_I )n
R S
Formula {H
wherein X', X7, and X° are independently H, alkyl, alkenyl, alkynyl, halogen, nitro,
cyano, cyeloalkyl, heterocyeloalkyl, cyeloalkenyl, heterocveloalkenyl, OR,,
NRRy, ~S(0O5RR,, ~S(ORNRR,, ~CIOIR,, ~-C(OINR, Ry, ~NR,C(OIR,,
= NRS(O )Ry, ~N=CR,Ry, or ~-NR,C(OINHRy;
Y is CHy, CHR,, CRGRy, O, NH, NR,, §, SO, or SOy
RY RY and R are independently H, alkyl, alkoxy, or halogen;
nisQ, 1, or2;
wherein each of X' and X7 is independently optionally substituted;

wherein R, and Ry is independently Ry;
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_ SN Ns N7 NN
ORNs NI &
N\ N*N N'N\ I S
3 X3
S S N N
l & &
a/[/ % % z/[/)
O o) S
I 9 ?N
%{l:;> %’ %{J[;> %{l;ﬂ>
% h s and

Ra
RC
)
WY R
o . . R4
12 The compound of claim 11 wherein is
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13. The compound of claim 11 wherein Y is O, 8, or 8Os, wherein is
Ra
RC
)
WY R
d .,
R , and wherein R', R?, and R’ are independently H or alkyl.
14. The compound of claim I having a structare selected from the group consisting of

MeO Y
\>—NH ) \>—NH
O F
o N o0 ~
0 NN N A
[ S—NH | S\>—NH
S 2 5
o o
Q= —
| S\>—NH | S—NH
5 s *
Ej/o cl = F
o0 N O>—<\jN Meo/©/ . O}_C
| S\>—NH | S\>—NH /

0
$
MeO O O |:>_sz Me0/©/ \%}_:2_@

, and
O,
o

eO < _

N \ 74
| D—nNH
S
15. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a

compound according to claim 1 in a concentration effective to disrupt Heel/Nek2

bindmg in a patient when the composition is administered to the patient.

i6. The pharmaceutical composition of claim 15, further comprising a drug that interferes

with microtubule formation or degradation.
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17 The pharmaceutical composition of claim 15 wherein the compound is a compound
according to claim 14.

8. A method of disrupting Nek2/Hecl interaction, comprising contacting a Nek2/Heel
complex with a corapound according to claira 1 in an amount effective to distupt
Nek2/Hecl binding.

19. The method of claim 18 wherein the step of contacting the Nek2/Hecl complex is
performed in vive in a mammal, and wherein the compound is administered orally,
topically, or parenterally.

20. The method of claim 18 further comprising a step of co-administering an agent that

interferes with microtubule formation or degradation,
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