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INHIBITORS OF BACTERIAL PASTA
KINASES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-

sional Application No. 62/972,349, filed Feb. 10, 2020, and
hereby incorporated by reference.

STATEMENT REGARDING FEDERALLY
FUNDED RESEARCH AND DEVELOPMENT

[0002] This invention was made with government support
under Grant No. 1 101 BX004089-01 awarded by the Vet-
erans Administration. The government has certain rights 1n
the 1nvention.

FIELD OF THE INVENTION

[0003] This invention relates generally to the inhibiton of
protein kinases for therapeutic purposes. More particularly,
the present invention 1s directed to Penicillin-binding And

Serine/ Threonine Associated (PASTA) kinase inhibitors

which exploit subtle structural differences between human
kinases and bacterial PASTA kinases to improve specificity
and activity.

BACKGROUND OF THE INVENTION

[0004] Antibiotic resistant pathogens are a growing world-
wide threat. If left unchecked, deaths due to antibiotic
resistant infections could eclipse current cancer mortality
rates. Unfortunately, resistance 1s easily acquired because
current antibiotics target a narrow range of bacterial pro-
cesses, primarily cell wall growth and remodeling, protein
biosynthesis, and bacteria-specific metabolism. During the
antibiotic “golden age,” the standard dogma was to avoid
bacterial targets with any homology to human proteins. This
severely limited exploration of many targets. Notably, signal
transduction cascades were either not discovered or not
explored. Since that time, most pharmaceutical companies
abandoned their work on antibiotics due to perceived lack of
need and low financial returns. Concurrently, antibiotic
abuse 1 agriculture and medicine combined with steady
bacterial evolution and stagnant drug development rapidly
led to an antibiotic resistance crisis. This situation 1s espe-
cially critical for bacterial infections that already had limited
treatment options.

[0005] Gram positive pathogens such as mycobacteria and
Staphviococcus aureus, are not only intrinsically antibiotic
resistant, but multi-drug resistant strains are rapidly spread-
ing. Two billion people are currently infected with Myco-
bacterium tuberculosis, and an increasing proportion are
multi-drug resistant and extra-drug resistant. Methicillin
resistant Staphyliococcus aureus (IMRSA) 1s a massive bur-
den in healthcare, and vancomycin resistant strains are
increasingly problematic. Furthermore, drug development
for other Gram+ pathogens such as non-tuberculosis myco-
bacteria, nocardia, corynebacteria, and proprionobacteria 1s
virtually non-existent. New development strategies are
needed to treat infections caused by these resistant organ-
1SImS.

[0006] Clinical antibiotics target limited pathways, but
none currently target signal transduction. Protein kinases
and phosphatases are critical i transducing cellular and
environmental signals to trigger growth and division, or to
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respond to stress and environmental changes. Protein
kinases generally have a role in promoting cellular growth,
whereas phosphatases generally have an opposing effect on
growth. Aberrant regulation of both 1 human cells 1is
involved in cancer, autoirmmune disease, neurodegenerative
disorders, and heart disease. Additionally, many protein
kinases are critical regulatory molecules 1n pathogenic bac-
teria, fungi, viruses, and protozoa. There 1s an urgent need
for more climically usetul drugs targeting specific protein
kinases and phosphatases implicated in these diseases.

[0007] Human growth signaling cascades regulated by

protein kinases are well studied, but bacterial signaling 1s
much less known, especially with respect to drug develop-
ment. The Actinobacteria and Firmicute families contain
conserved eukaryotic-like protein kinases involved 1n viru-
lence and disease progression. The most well studied of this
class are the Penicillin-binding And Serine/ Threonine Asso-
ciated (PASTA) kinases. These kinases consist of an N-ter-
minal cytoplasmic kinase domain which 1s tethered to a
single transmembrane helix to connect to extracellular
PASTA domains. The kinase domain has high structural
homology to classic “Hanks-like” eukaryotic serine-threo-
nine Kkinases; however unlike eukaryotic S/T kinases,
PASTA kinases can phosphorylate tyrosine and cysteine 1n
addition to serine and threonine. The kinase domain 1is
highly conserved among actinobacteria and firmicutes, but
the PASTA domains are more variable. The PASTA domains
consist of 1-3 domains with structural homology to penicil-
lin binding proteins and may contain a variable C-terminal
domain with an mmmunoglobulin like fold or PASTA
domain. The PASTA domains are known to bind muropep-
tides and lipid II but are not known to definitively bind
B-lactams. PASTA kinases localize to areas of cell wall
remodeling and growth, and this localization 1s thought to
increase local concentration of the cytosolic kinase domains
and allow them to activate each other by trans-autophos-
phorylation. Once activated, the kinases phosphorylate sev-
cral diverse substrates involved i growth, metabolism,
stress responses, and virulence. Genetic deletions of PASTA
kinases 1n several species increase [3-lactam susceptibility,
suggesting a promising target for drug therapy.

[0008] The PASTA kinase from Mvcobacteria tuberculo-
sis (PknB) 1s the most well studied as 1t 1s an essential
protein necessary for bacterial survival and growth, making
it an attractive drug target. PknB phosphorylates a wide
range of critical substrates including the TCA regulator
GarA, mycolic acid synthesis protein MabAS3S, and cell
division proteins GIlmU36 and Wag3l. Pharmacological
inhibition of PknB also synergizes with {3-lactams to pro-
mote mycobacterial cell death by a yet unknown mecha-
nism. This suggests that not only 1s PknB an attractive
stand-alone drug target, but a dual therapy could be
employed to lower the dose of each drug needed and reduce
the likelihood of resistance development. Accordingly, there
1s a long felt need 1n the medical field for more effective
therapeutic compounds and more diverse methods of
therapy 1n this area.

SUMMARY OF THE INVENTION

[0009] The present invention relates to the inventors’
identification of protein kinase inhibitors which exploit
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subtle structural differences between human kinases and
bacterial PASTA kinases to improve specificity and activity.
The i1nventors determined that specificity and activity of
respective inhibitors were modulated by, e.g., positioming,
particular inhibitor moieties 1n the back pocket of the kinase
active site as well as exploiting differences 1n PASTA kinase
ATP binding floors. These compounds offer a new and
ellective treatment option for several dithicult-to-treat human
pathogens.

[0010] Accordingly, 1n a first aspect, the mvention pro-
vides a compound having the chemical structure:

NN

SN

\

wherein:

[0011] R,~Me, Et, n-Pr, —CH,CH,OH, —CH,CH,OP
(O)(OH),, —CH,CH,NMe,;

[0012] R.=H, Me, Et, o-Pr, 1-Pr, CF,, Cl, OMe;
[0013] R,=H, Me, NHMe, NHBn, Cl, NO,OMe, F, CN;
and
[0014] Ar=
X X
‘ —R3  or N —R3; or
F F
?{‘ NN
ras
[0015] In some embodiments, the compound has any one

of the chemical structures shown 1n FIGS. 5a-5nn.

[0016] A compound according to the invention 1s func-
tionally-characterized by i1ts ability to inhibit a protein
kinase, preferably a Penicillin-binding And Serine/Threo-
nine Associated (PASTA) kinase, including, e.g., PknB.

[0017] In another aspect, the invention encompasses a
method of mnhibiting a protein kinase in a subject, compris-
ing administering to the subject an eflective amount of a
compound having the chemical structure:
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N

NP |

X Rz

R

wherein:
[0018] R,=Me, Et, n-Pr, —CH,CH,OH, —CH,CH,OP
(0)(OH),, —CH,CH,NMe,;

[0019] R,=H, Me, Et, o-Pr, 1-Pr, CF;, Cl, OMe;

[0020] R,=H, Me, NHMe, NHBn, Cl, NO,OMe, F, CN;
and

[0021] Ar=

wherein the protein kinase 1s inhibited 1n the subject.

[0022] Another aspect of the invention provides a method
of treating a bacterial infection 1n a subject, comprising
administering an eflective amount of compound described
and claimed herein to a subject, wherein the bacterial
infection 1s treated in the subject.

[0023] In certain embodiments, the bacterial infection
comprises a Mycobacterium tuberculosis 1nfection.

[0024] Methods of treating a bacterial infection according
to the invention alternatively include the additional step of
administering a [3-lactam antibiotic to the subject as a
co-therapy 1n treating the bacterial infection.

[0025] As can be appreciated after review of the present
disclosure, compounds as described and claimed herein are
useful 1n one more actions including: inhibiting protein
kinas activity 1 a subject; inhibiting a Penicillin-binding
And Serine/Threonine Associated (PASTA) kinase in a
subject; treating bacterial infection 1n a subject; and treating
a Mycobacterium tuberculosis infection 1 a subject.

[0026] Yet another aspect of the invention 1s directed to a
method of treating a bacterial infection 1n a subject, com-
prising co-administering an eflective amount of a compound
as described and claimed herein and an effective amount of
an antibiotic (e.g., a beta-lactam antibiotic), wherein the
bacterial infection is treated in the subject.
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[0027] Other objects, features and advantages of the pres-
ent mvention will become apparent after review of the
specification, claims and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The patent or application file contains at least one
drawing executed 1n color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Oflice upon request and payment of the
necessary lee.

[0029] FIG. 1. Biochemical and microbiologic data for

pyrazolopyridazine aminopyrimidines. The core scaffold 1s
shown with variable R1 and R2 attachments and their
corresponding IC50 values against M.tb PknB in an ATP
Glo® assay. % inhibition of Stkl was estimated by 32P
autoradiography. As a comparator, % inhibition of PknB was

calculated from the experimentally determined IC30 values
by normalizing to GW779439X. The MIC of S. aureus

USA300 was assessed by OD600 for each compound in the
presence ol sub-lethal (8 pug/mlL) oxacillin. Values along
with the SEM for each as appropriate are given.

[0030] FIG. 2. Biochemical and microbiologic data for
novel aminopyrimidines. The core scaflold 1s shown with
variable R1 attachments and their corresponding IC50 val-
ues against M.tb PknB i an ATP Glo® assay as well as
binding athnity from microscale thermophoresis and MIC of
an M.tb auxotroph assessed by resazurin reduction. Values
along with the SEM for each as appropriate are given.

Eight-point curves were done for each assay. IP=1n progress;
ND=not determined.

[0031] FIG. 3. Synthesis of UW 52 from vinylogous
amide [3+3] cycloaddition.
[0032] FIGS. 4a and 4b. Biochemical and microbiologic

data for novel aminopyrimidines. This table provides similar
data to FIG. 2 with data for additional compounds.

[0033] FIGS. Sa-5nn. Provides the chemical structure for
the additional compounds of FIGS. 4a and 45b.

[0034] FIG. 6. The utility of FIGS. 3a-5zr 1s shown 1n
PknB biochemical inhibition by ATP competition (Glo).
[0035] FIG. 7. The utility of FIGS. 3a-5nnr 1s shown 1n
PknB physical binding (MST).

[0036] FIG. 8. Microbiological Data demonstrating the
utility of the present compounds against Mtb auxotroph
activity without p-lactams.

[0037] FIG. 9. Cdk2 biochemical inhibition by ATP com-
petition (Glo).

[0038] FIG. 10. Toxicity Data for the present compounds
in zebrafish.

[0039] FIG. 11. Toxicity Data for the present compounds
in mouse primary macrophage cell toxicity.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

[0040] Before the present materials and methods are
described, 1t 1s understood that this invention 1s not limited
to the particular methodology, protocols, materials, and
reagents described, as these may vary. It 1s also to be
understood that the terminology used herein 1s for the
purpose of describing particular embodiments only, and 1s
not intended to limit the scope of the present invention
which will be limited only by the appended claims.

[0041] It must be noted that as used herein and in the
appended claims, the singular forms “a”, “an”, and “the”
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include plural reference unless the context clearly dictates
otherwise. As well, the terms “a” (or “an”), “one or more”
and “at least one” can be used interchangeably herein. It 1s

also to be noted that the terms “comprising”, “including”,
and “having” can be used interchangeably.

[0042] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meanings as com-
monly understood by one of ordinary skill 1n the art to which
this invention belongs. Although any methods and materials
similar or equivalent to those described herein can be used
in the practice or testing of the present invention, the
preferred methods and materials are now described.

[0043] The disclosed compound formulas and structures
can 1n some cases vary between neutral, acid, and/or basic
salt forms, depending on the surrounding environment, and
such forms may be used interchangeably herein. As a
non-limiting example, a primary amine moiety on a com-
pound may be interchangeably designated as —NH, or as
NH,*. Furthermore, a given compound may have equivalent
resonance structures, which may be used interchangeably
herein. Finally, a number of the disclosed compounds may
exist as multiple enantiomers having different biological/
biochemical effects. Herein, all structures that are drawn as
a single enantiomer or without a designated stereochemaistry
encompass all possible enantiomers of the structure.

[0044] All publications and patents specifically mentioned
herein are incorporated by reference for all purposes 1nclud-
ing describing and disclosing the chemicals, cell lines,
vectors, animals, mstruments, statistical analysis and meth-
odologies which are reported in the publications which
might be used 1n connection with the mvention. All refer-
ences cited 1n this specification are to be taken as indicative
of the level of skill in the art. Nothing herein 1s to be
construed as an admission that the invention 1s not entitled
to antedate such disclosure by virtue of prior invention.

[0045] As used herein, the term “administering” refers to
bringing a subject, tissue, organ or cells 1n contact with one
or more of the kinase ihibitors described 1n this disclosure.
In certain embodiments, the present invention encompasses
administering the compounds useful in the present invention
to a patient or subject. A “subject,” “patient” and “indi-
vidual,” used equivalently herein, refers to a mammal,
preferably a human.

[0046] As used herein, the terms “‘eflective amount” and
“therapeutically effective amount” refer to the quantity of
active therapeutic agents sutlicient to yield a desired thera-
peutic response without undue adverse side eflects such as
toxicity, irritation, or allergic response. The specific “eflec-
tive amount” will, obviously, vary with such factors as the
particular condition being treated, the physical condition of
the patient, the duration of the treatment, the nature of
concurrent therapy (if any), and the specific formulations
employed. In this case, an amount would be deemed thera-
peutically effective if 1t results 1n reduction of a protein
kinase activity. The optimum eflective amounts can be
readily determined by one of ordmnary skill in the art using
routine experimentation.

[0047] There are few antibiotics leit to treat drug resistant
bacteria, and there 1s no existing technology to re-sensitize
MRSA to 3-lactams. In some embodiments, compositions of
this invention are used to treat infections by drug-resistant
strains of bacteria. By “drug-resistant” 1t 1s meant that the
bacteria are resistant to treatment with one or more conven-
tional antibiotics. However, the disclosed method may result
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in 1mproved therapies for treating any Gram-positive bac-
terial infection that 1s typically treated with [3-lactams,
including without limitation infections caused by Listeria
monocytogenes, Staphylococcus aureus (including MSRA),
Streptococcus pneumoniae, Mycobacterium tuberculosis
and other mycobacteria, Nocardia, including the pan resis-
tant V. farcinia, Clostridium, and enterococci. The target of
the kinase inhibitors (Stkl) 1s phylogenetically distinct in
Gram-negative and Gram-positive bacteria; so the disclosed
compounds can selectively inhibit Gram-positive bacteria
(and not act against the Gram-negative flora of the human
gut), a potentially usetful characteristic.

[0048] While the present compounds are useful as stand-
alone therapeutics, 1n certain embodiments, the disclosed
compounds may be admimstered prior to, simultaneously
with, or subsequent to a p-lactam antibiotic (*co-adminis-
tration”). The kinase inhibitor and antibiotic may be admin-
istered separately by different routes, if desired. As used
herein, the term “co-administered” 1s used to denote simul-
taneous or sequential administration. Preferably, such co-
administration produces a synergistic eflect. The terms “syn-
ergy” and “synergistic eflect” indicate that the ellect
produced when two or more drugs are co-administered 1s
greater than would be predicted based on the etfect produced
when the compounds are administered individually. In gen-
cral, a synergistic effect 1s most clearly demonstrated at
sub-optimal concentrations of the compounds (1.e., sub-
therapeutic dosages). A lower dosage minimizes the poten-
t1al of side eflects, thereby providing an increased margin of
safety. Synergy can result in lower cytotoxicity, increased
antimicrobial eflect, or some other beneficial eflect of the
combination compared with the individual components.

[0049] In one embodiment, the disclosed compounds are
co-administered with a p-lactam antibiotic. In some embodi-
ments, one or more of the disclosed compounds are co-
administered with an antibiotic selected from the group
consisting of benzathine penicillin, benzylpenicillin (peni-
cillin G), phenoxymethylpenicillin (penicillin V), procaine
penicillin, methicillin, oxacillin, nafcillin, cloxacillin,
dicloxacillin, flucloxacillin, temocillin, amoxicillin, ampi-
cillin, co-amoxiclav, azlocillin, carbenicillin, ticarcillin,
mezlocillin, piperacillin, cephalosporins, cephalexin, cepha-
lothin, cefazolin, cefaclor, cefuroxime, cefamandole,
cephamycins, celotetan, cefoxitin, ceftriaxone, cefotaxime,
ceipodoxime, cefixime, ceftazidime, cefepime, ceipirome,
imipenem, meropenem, ertapenem, faropenem, doripenem,
monobactams, aztreonam, tigemonam, nocardicin A, and
tabtoxinine-P-lactam.

[0050] In some embodiments, the disclosed compounds
and the antibiotic will be administered by the same route and
in a single composition, so as to ensure that they are given
simultaneously to the subject. In some embodiments, the
disclosed compounds and the antibiotic will be administered
by different routes and 1n separate compositions, for
example to improve stability and/or eflicacy.

[0051] The disclosure also provides pharmaceutical com-
positions comprising one or more compounds of this inven-
tion 1n association with a pharmaceutically acceptable car-
rier. Preferably these compositions are in unit dosage forms
such as tablets, pills, capsules, powders, granules, sterile
parenteral solutions or suspensions, metered aerosol or 1ig-
uid sprays, drops, ampoules, auto-injector devices or sup-
positories; for oral, parenteral, intranasal, sublingual or
rectal administration, or for administration by inhalation or
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insuillation. It 1s also envisioned that the compounds of the
present invention may be incorporated into transdermal
patches designed to deliver the appropriate amount of the
drug in a continuous fashion.

[0052] For preparing solid compositions such as tablets,
the principal active ingredient 1s mixed with a pharmaceu-
tically acceptable carrier, e.g. conventional tableting ingre-
dients such as corn starch, lactose, sucrose, sorbitol, talc,
stearic acid, magnesium stearate, dicalcium phosphate or
gums, and other pharmaceutical diluents, e.g. water, to form
a solid preformulation composition containing a homoge-
neous mixture for a compound of the present invention, or
a pharmaceutically acceptable salt thereof. When referring
to these preformulation compositions as homogeneous, it 1s
meant that the active ingredient 1s dispersed evenly through-
out the composition so that the composition may be easily
subdivided into equally effective unit dosage forms such as
tablets, pills and capsules. This solid pre-formulation com-
position 1s then subdivided into unit dosage forms of the type
described above containing from 0.1 to about 500 mg of the
active ingredient of the present invention. Typical unit
dosage forms contain from 1 to 100 mg, for example, 1, 2,
5, 10, 25, 50 or 100 mg, of the active ingredient. The tablets
or pills can be coated or otherwise compounded to provide
a dosage aflording the advantage of prolonged action. For
example, the tablet or pill can comprise an imner dosage and
an outer dosage component, the latter being 1n the form of
an envelope over the former. The two components can be
separated by an enteric layer which, serves to resist disin-
tegration 1n the stomach and permits the inner component to
pass 1ntact into the duodenum or to be delayed 1n release. A
variety ol materials can be used for such enteric layers or
coatings, such materials including a number of polymeric
acids and mixtures of polymeric acids with such materials as
shellac, cetyl alcohol and cellulose acetate.

[0053] The liquid forms in which the compositions of the
present invention may be incorporated for administration
orally or by injection include aqueous solutions, suitably
flavored syrups, aqueous or oil suspensions, and tlavored
emulsions with edible o1ls such as cottonseed o1l, sesame o1l,
coconut o1l or peanut oil, as well as elixirs and similar
pharmaceutical vehicles. Suitable dispersing or suspending
agents for aqueous suspensions include synthetic and natural
gums such as tragacanth, acacia, alginate, dextran, sodium
caboxymethylcellulose, methylcellulose, polyvinylpyrroli-
done or gelatin.

[0054] The following examples are, of course, offered for
illustrative purposes only, and are not intended to limit the
scope of the present invention 1 any way. Indeed, various
modifications of the invention 1n addition to those shown
and described herein will become apparent to those skilled
in the art from the foregoing description and the following
examples and fall within the scope of the appended claims.

EXAMPLES

[0055] As described below, the strategy for improving
on-target PknB activity as well as MIC of GW779439X
derivatives was to exchange the pyridazine head group for a
variety of arenes, probing the impact of both the steric and
clectronic eflects of aryl substituents. The synthesis of UW
52 1s shown (FIG. 3), with key formal [3+3] cycloaddition
between aryl guanidine 4 and vinylogous amide 3, affording
the desired aminopyrimidine 6. Notably, this late-stage
functionalization approach can be utilized to explore the
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structure-activity relationships of new AP compounds on
Stk1l and MRSA activity. Vinylogous amides related to 5 can
be readily sourced direct from commercial sources, or a via
simple 1-step preparation from the aryl methyl ketones.

Example 1: Optimization of Stkl Inhibitors

[0056] GW779439X has potent PknB and Stkl activity
and 1s microbiologically active. MRS A was screened against
a small library of kinase inhibitors, and an aminopyrimidine,
GW779439X, was discovered which microbiologically
inhibited MRSA when combined with a p-lactam. Subse-
quent analysis revealed that 1t and five other related com-
pounds had appreciable biochemical and microbiological

activity (FIG. 1).

[0057] GW779439X was docked in PknB and Stkl {fol-
lowing published procedures, and they were predicted to
bind similarly and with favorable contacts. Subsequent
testing revealed GW779439X and related compounds had
potent PknB activity (FIG. 1), and this suggested some
similar structure activity relationships (SAR) between the
kinases exist. Collectively, these data show this family of
compounds can enter different bacterial cells and bind to
areas conserved in both kinases.

Example 2: Novel Aminopyrimidines have Variable
PknB Activity but Improved Microbiological
Activity

[0058] Compounds were tested for PknB activity either
using the ATP Glo® assay as described or by direct binding
using microscale thermophoresis (NanoTemper Technolo-
gies) (FIG. 2). Compounds were also tested microbiologi-
cally against an auxotrophic M. tuberculosis following pub-
lished procedures. The compounds displayed a surprising
range of biochemical and microbiological activity, though

14 out of 20 were microbiologically better than
GW779439X (FIG. 2, FIGS. 4a and 4b, FIG. 6 (PknB

inhibition by ATP competition assay), FI1G. 7 (PknB physical
binding), FI1G. 8 (M. tuberculosis auxotroph activity without
beta-lactam antibiotic), FIG. 9 (Cdk2 inhibition by ATP
competition assay), FIG. 10 (Toxicity in zebra fish), and
FIG. 11 (Toxicity in mouse primary macrophage cells)). It 1s
unclear whether this 1s due to off target effects on one of the
other 10 serine threonine kinases in M. tuberculosis or
improved cellular accumulation, but this 1s diflicult to test
since PknB 1s essential and a genetic knockout 1s not viable.
Three Boc-protected intermediates were tested (UW130
shown) and all showed no appreciable activity toward the
kinase or bacteria, suggesting a functional role for the
protonated methylplperldme These data show the ability to
create novel compounds 1n this class with potential for
improved microbiological activity and possible activity
against other kinases.

Example 3: Novel Aminopyrimidines Dock
Favorable to Stkl

[0059] Proposed and synthesized immhibitors were docked
to PknB and Stkl as described above. The inhibitors were
predicted to bind in the same alignment as the GW779439X
core. Furthermore, several of the synthesized inhibitors
scores were higher than or near GW779439X suggesting
potential for similar activity. The alignment suggests a
conserved binding mode, but crystal structures are needed to
confirm.
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Example 4

Compound Synthesis and Identification

[0060] All reactants and reagents were ACS reagent grade
or better, and were purchased from Sigma-Aldrich, Combi-
Blocks, Ark Pharm, Matrix Scientific, Alfa Aesar, Enamine,
Astatech, or Oakwood Chemical, and used without further
purification. All reactions 1n non-aqueous media were con-
ducted under a positive pressure of dry argon in glassware
that had been dried mm oven prior to use unless noted
otherwise. Anhydrous solutions of reaction mixtures were
transierred via an oven dried syringe or cannula. All solvents
were dried prior to use unless noted otherwise. Thin layer
chromatography was performed using precoated silica gel
plates (EMD Chemical Inc. 60, F254). Microwave reactions
were performed on an Anton Paar Monowave 300 system in
(G10 wvials. Flash column chromatography was performed
with silica gel (RediSep Ri Gold, 20-40 um) on a Teledyne
Isco CombiFlash system. Prep-HPLC chromatography was
performed on a Teledyne Isco RediSep Prep C18 column (5
um, 100 A, 20x150 mm) on a Teledyne Isco EZ-Prep
system. 1H nuclear magnetic resonance spectra (NMR) were
obtained on a Bruker 400 MHz or Varian Unity-Inova 500
MHz recorded i ppm (0) downfield of TMS (0=0) 1n
CDCI3, Methanol-d4, unless noted otherwise. Signal split-
ting patterns were described as singlet (s), doublet (d), triplet
(t), quartet (q), quintet (quint), or multiplet (m), with cou-
pling constants (J) in hertz. The liquid chromatography mass
spectrometry LC-MS analysis of final products was pro-
cessed on Agilent 1290 Infinity II LC system using Poroshell
120 EC-C18 column (5 cmx2.1 mm, 1.9 um) for chromato-
graphic separation. Agilent 6120 Quadrupole LC/MS with
multimode Electrospray lonization plus atmospheric pres-
sure¢ chemical 1omization (MM-ES+APCI) was used for
detection. The mobile phases were 5.0% methanol and 0.1%
formic acid in purified water (A) and 0.1% formic acid 1n
methanol (B). The gradient was held at 5% (0-0.2 min),
increased to 100% at 2.5 min, then held at 1socratic 100% B
for 0.4 min and then immediately stepped back down to 5%
for 0.1 min re-equilibration. The tflow rate was set at 0.8
mlL/min. Column temperature was set at 40° C. The purities

of all the final compounds were determined to be over 95%
by LCMS.

General Method A
[0061]

NH Me Me NZ N

N ‘
P NI

HN NH,

chog, n-BuOH
150° C. for 1 h

(. E]

Clhj




US 2023/0060122 A9

[0062] General method A: To a solution of (2E)-3-(dim-
cthylamino)-1-(aryl-3-yl)prop-2-en-1-one (0.2 mmol) and
N-[4-(4-alkylpiperazin-1-yl)-3-(trifluoromethyl )phenyl]

guanidine (0.24 mmol, 1.2 equiv) 1n n-butanol (2 mL) was
added K,CO; (0.6 mmol, 3 equiv.) and stirred at 150° C.
(MW) for 1 h. The mixture was purified by reverse phase

Prep-HPLC column with water/acetonitrile gradient.

General Method B

[0063]
NH Me_ _Me Iﬁﬁﬁh“w
A Y P
HN NH, N HN \N/ Nar
= =
| 0 Sar_ |
™. K,CO3, n-BuOH ™.
G 200° C. for 1 h Ch
,r’Nj:] N
\T \T/
R] Rl

[0064] General method B: To a solution of (2E)-3-(dim-
cthylamino)-1-(aryl-3-yl)prop-2-en-1-one (0.4 mmol) and
N-[4-(4-alkylpiperazin-1-yl)-3-(trifluoromethyl )phenyl]
guanidine (0.48 mmol, 1.2 equiv) 1in n-butanol (5 mL) was
added K,CO; (2 mmol, 5 equiv.) and stirred at 200° C.
(MW) for 1 h. The mixture was purified by reverse phase
Prep-HPLC column or flash column.

(General Method C

10065
NH,
/
N7 X
N CF, )‘\ /
Cl N Ar
N Nk 1. A-dioxane
N 100° C. for overnight
\T/
Boc
NZ ‘
)\
HN N Ar
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[0066] General method C: To a solution of tert-butyl
4-[4-amino-2-(trifluoromethyl)phenyl]piperazine-1-car-
boxylate (0.2 mmol) 1 1,4-dioxane (2 mL) was added NaH
(0.4 mmol, 2 equiv.) and stirred at 0° C. for 30 min. Then
2-chloro-4-arylpyrimidine was added to the mixture and
then heated to 100° C. overnight. The mixture was purified
by reverse phase Prep-HPLC column with water/acetonitrile
gradient.

(General Method D

10067]

NH,

\%

CF; )‘\ P

4
D
;

N -
N TsOH, nBuOH
150°C.forlh
\N e
K/OH
Nl ‘
)\
HN N Ar
2 ‘
N CF
N

__/

[0068] General method D: To a solution of 2-{4-[4-amino-
2-(trifluoromethyl)phenyl]piperazin-1-yl}ethan-1-ol (0.2
mmol) and 2-chloro-4-arylpyrimidine (0.2 mmol) 1n n-bu-
tanol (2 mL) was added TsOH (0.4 mmol, 2 equiv.) and
stirred at 150° C. (MW) for 1 h. The mobile phases were
0.1% formic acid in purified water (A) and 0.1% formic acid
in acetonitrile (B). The gradient was held at 10% B (0-2
min), increased to 50% B at 25 min and held at 1socratic 50%
B for 10 min, then increased to 100% at 35min and held at
1socratic 100% B for 10 min, then immediately stepped back
down to 80% for 2 min re-equilibration.
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Synthetic Schemes

[0069]
UWO11
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)\‘ N///
D
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N T/
[0070] N-(4-(4-methylpiperazin-1-yl)-3-(trifluoromethyl)

phenyl)-4-(pyridin-3-yl)pyrimidin-2-amine (UWO011) Gen-
eral method A. 54% vyield. "H NMR (500 MHz, Chloroform-
d) 0 9.25 (d, J=2.3 Hz, 1H), 8.72 (dd, J=4.8, 1.7 Hz, 1H),
8.49 (d, J=5.1 Hz, 1H), 8.40-8.37 (m, 1H), 8.33 (s, 1H), 8.22
(d, I=2.7 Hz, 1H), 7.78 (dd, J=8.6, 2.6 Hz, 1H), 7.47 (dd,
J=8.0, 4.8 Hz, 1H), 7.41 (d, J=8.6 Hz, 1H), 7.23 (d, J=5.2
Hz, 1H), 3.17 (s, 8H), 2.75 (s, 3H). LRMS (ESI): m/z 415.2
[M+H]™.

NT X o
SO
F A
N ‘\CFS
N
(L

[0071] N-(4-(4-methylpiperazin-1-yl)-3-(trifluoromethyl)
phenyl)-4-(pyridin-4-yl)pyrimidin-2-amine (UWO012) Gen-
eral method A. 51% yield. "H NMR (500 MHz, Chloroform-
d) 0 8.82-8.75 (m, 2H), 8.54 (d, J=5.1 Hz, 1H), 8.38 (s, 1H),
8.27 (d, I=2.6 Hz, 1H), 7.96-7.91 (m, 2H), 7.76 (dd, J=8.7,
2.6 Hz, 1H), 7.42 (d, J=8.6 Hz, 1H), 7.28-7.24 (m, 1H), 3.19
(s, 8H), 2.77 (s, 3H). LRMS (ESI): m/z 415.2 [M+H]".
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[0072] 4-(2-(benzylamino)pyridin-4-y1)-N-(4-(4-meth-

ylpiperazin-1-yl)-3-(trifluoromethyl)phenyl)pyrimidin-2-
amine (UWO015) To a solution of 4-(2-chloropyridin-4-yl)-
N-[4-(4-methylpiperazin-1-yl)-3-(trifluoromethyl )phenyl]
pyrimidin-2-amine (50 mg, 0.111 mmol) 1n EtOH was added

1 -phenylmethanamine (0.556 mmol, 5 equiv.) and stirred at

180° C. (MW) for 3 h. "H NMR (500 MHz, Chloroform-d)
0 8.49 (d, J=5.2 Hz, 1H), 8.22 (d, J=2.6 Hz, 1H), 8.15 (d,
I=5.5 Hz, 1H), 7.98 (s, 1H), 7.73 (dd, J=8.6, 2.6 Hz, 1H),
7.42-7.33 (m, 5H), 7.31-7.28 (m, 1H), 7.16 (dd, J=5.6, 1.5
Hz, 1H), 7.13-7.10 (m, 2H), 4.59 (s, 2H), 3.23 (s, 8H), 2.73
(s, 3H). LRMS (ESI): m/z 520.3 [M+H]".

N X o
HN)‘\N’/ N
7 ‘ 2"
N ‘ .

.

[0073]
1-y1)-3-(trifluoromethyl)phenyl)pyrimidin-2-amine
(UW031) General method A. 34% yield. '"H NMR (500
MHz, Chloroform-d) ¢ 8.58 (t, J=5.7 Hz, 2H), 8.30 (s, 1H),
8.03 (s, 1H), 7.98 (s, 1H), 7.84 (dd, J=5.2, 1.7 Hz, 1H), 7.72
(dd, J=8.7, 2.6 Hz, 1H), 7.46 (d, J=8.7 Hz, 1H), 7.25 (dd,
J=5.1, 1.5 Hz, 1H), 3.23 (s, 8H), 2.81 (s, 3H). LRMS (ESI):
m/z 449.1 [M+H]".

4-(2-chloropyridin-4-yl1)-N-(4-(4-methylpiperazin-
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[0076] 4-(4-chlorophenyl)-N-(4-(4-methylpiperazin-1-
Uwo42 y1)-3-(trifluoromethyl)phenyl)pyrimidin-2-amine (UW049)

N/\ General method A. 57% vyield. "H NMR (500 MHz, Chlo-
/H\ roform-d) o 8.47 (d, J=5.2 Hz, 1H), 8.27 (d, J=2.6 Hz, 1H),
N N/\/\ 8.04-8.01 (m, 2H), 7.74 (dd, J=8.6, 2.6 Hz, 1H), 7.69 (s, 1H),
‘ 7.51-7.48 (m, 2H), 7.44 (d, J=8.7 Hz, 1H), 7.19 (d, J=5.3 Hz,
/ N 1H), 3.+17 (s, 8H), 2.70 (s, 3H). LRMS (ESI): m/z 448.0
‘ [M+H]™.
D
UWO051
N
E j P
T HN)\N/ ‘ AN
P

[0074] N-(4-(4-methylpiperazin-1-yl)-3-(trifluoromethyl)
phenyl)-4-phenylpyrimidin-2-amine (UWO042) General

method A. 85% yield. 'H NMR (500 MHz, Chloroform-d) CF. -
0 8.63 (s, 1H), 8.39 (d, J=5.3 Hz, 1H), 8.25 (d, J=2.6 Hz,
1H), 8.05-8.00 (m, 2H), 7.76 (dd, J=8.7, 2.6 Hz, 1H), N
7.49-7.45 (m, 3H), 7.36 (d, J=8.7Hz, 1H), 7.17 (d, J=5.2 Hz, -7 N
1H), 3.15 (s, 8H), 2.75 (s, 3H). LRMS (ESI): m/z 414.0
[M+H]™. \N/
UW048 |
NT X
HN)\N/ R [0077] 4-(3-chlorophenyl)-N-(4-(4-methylpiperazin-1-
‘ y1)-3-(trifluoromethyl)phenyl)pyrimidin-2-amine (UWO051)
\/\Noz General method A. 78% yield. '"H NMR (500 MHz, Chlo-
roform-d) 6 8.45 (s, 1H), 8.26 (d, J=2.7 Hz, 2H), 8.03 (s,
oF 1H), 7.90 (d, J=7.5 Hz, 1H), 7.70 (dd, J=8.7, 2.6 Hz, 1H),
: 7.48-7.35 (m, 3H), 7.15 (d, J=5.2 Hz, 1H), 3.16 (s, 8H), 2.73
ENj (s, 3H). LRMS (ESI): m/z 448.0 [M+H]".
T UWO052
N7 X
[0075] N-(4-(4-methylpiperazin-1-yl)-3-(trifluoromethyl) )‘\
phenyl)-4-(4-mtrophenyl)pyrimidin-2-amine (UW048) N N/ AN
General method A. 43% vyield. "H NMR (500 MHz, Meth- ‘
ylene Chlonide-d,) 0 8.56 (d, J=5.1 Hz, 1H), 8.38-8.31 (m,
3H), 8.28-8.24 (m, 3H), 7.75 (d, I=7.6 Hz, 1H), 7.59 (s, 1H), = A
7.45 (d, JI=8.3 Hz, 1H), 7.29 (d, J=5.1 Hz, 1H), 3.45 (s, 8H), ‘
2.57 (s, 3H). LRMS (ESI): m/z 459.2 [M+H]". N NO,
CF»
UwW049
ﬁ/\ N
HN)\N/ N ‘/'\ N
= ‘ \/\Cl ‘
N \CF3 [0078] N-(4-(4-methylpiperazin-1-yl)-3-(trifluoromethyl)
phenyl)-4-(3-mitrophenyl)pyrimidin-2-amine (UWO032)
/N\ General method A. 27% yield. 'H NMR (500 MHz, Chlo-
roform-d) o0 8.88 (s, 1H), 8.55 (d, J=5.2 Hz, 1H), 8.42 (d,
\N/ J=7.8 Hz, 1H), 8.36-8.33 (m, 2H), 8.22-8.21 (m, 1H), 8.03

(s, 1H), 7.76 (dd, J=8.6, 2.1 Hz, 1H), 7.70 (t, I=8.0 Hz, 1H),
7.43 (d, J=8.6 Hz, 1H), 7.28 (d, J=5.2 Hz, 1H), 3.18 (s, 8H),
2.73 (s, 2H). LRMS (ESI): m/z 459.1 [M+H]*.
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[0079] 4-(3-methoxyphenyl)-N-(4-(4-methylpiperazin-1-
y1)-3-(trifluoromethyl)phenyl)pyrimidin-2-amine (UWO055)
General method A. 48% yield. 'H NMR (500 MHz, Chlo-
roform-d) o0 8.37 (d, J=5.3 Hz, 1H), 8.31 (s, 1H), 8.25-8.22
(m, 1H), 8.03 (d, J=8.7 Hz, 2H), 7.80-7.75 (m, 2H), 7.38 (d,
J=8.6 Hz, 1H), 7.13 (d, J=5.3 Hz, 1H), 6.99 (d, J=8.7 Hz,
2H), 3.86 (s, 3H), 3.14 (s, 8H), 2.69 (s, 3H). LRMS (ESI):
m/z 444.0 [M+H]".

X o
HN)‘\N/ N Y
. ‘ N
N ‘\CF3

N
[ N

T/
[0080] N-(4-(4-m ethylpiperazin-1-yl)-3-(trifluoromethyl)
phenyl)-4-(naphthalen-2-yl)pyrimidin-2-amine  (UW059)
General method A. 57% vyield. 'H NMR (500 MHz, Chlo-
roform-d) 0 8.59 (s, 1H), 8.48-8.44 (m, 3H), 8.10 (d, J=8.4
Hz, 1H), 7.94 (t, I=8.8 Hz, 2H), 7.85 (d, J=5.0 Hz, 1H), 7.70
(d, I=7.8 Hz, 1H), 7.56-7.51 (m, 2H), 7.38 (d, J=8.5 Hz, 1H),

732 (d, J=5.1 Hz, 1H), 3.16 (s, 8H), 2.73 (s, 3H). LRMS
(BESI): m/z 464.1 [M+H]*.

NT X
I o
N N ‘ X
N
/
Z ‘ MeNH,/FtOH
-
140° C., 5 days
N CF,
[Nj
|
CH;

UW031
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[0081] 4-(2-(methylamino)pyridin-4-y1)-N-(4-(4-meth-
ylpiperazin-1-y1)-3-(trifluoromethyl)phenyl)pyrimidin-2-
amine (UW107) To a sealed tube was added 4-(2-chloro-
pyridin-4-yl)-N-(4-(4-methylpiperazin-1-yl)-3-
(trifluoromethyl) phenyl)pyrimidin-2-amine (30 mg, 0.067
mmol) and 30% MeNH, in EtOH (10 mL). The mixture was
stirred at 140° C. for 5 days. After the completion of the
reaction, the mixture was concentrated under reduced pres-
sure and purified by EZ-prep (10%-25% MeCN/water+0.1%
HCOOH), the product was basified with TEA and flushed
with 10% MeOH/DCM. Yield: 15 mg, 51%; vellowish solid.
"H NMR (500 MHz, Chloroform-d) & 8.53 (d, J=5.1 Hz,
1H), 8.23 (d, J=5.3 Hz, 1H), 8.21 (d, J=2.7 Hz, 1H), 7.69
(dd, J=8.7, 2.6 Hz, 1H), 7.62 (s, 1H), 7.39 (d, J=8.6 Hz, 1H),
7.19 (d, J=5.1 Hz, 1H), 7.10 (d, J=4.7 Hz, 2H), 4.89 (s, 1H),
3.01 (s, 3H), 2.97 (t, J=4.8 Hz, 4H), 2.63 (s, 4H), 2.40 (s,
3H). '°C NMR (126 MHz, Chloroform-d) & 163.6, 160.5,
160.1, 159.3, 149.1, 146.9, 145.7, 136.7, 128.1 (q, J=29.0
Hz), 125.0, 124.1 (q, J=273.6 Hz), 123.3, 118.1 (q, J=3.5
Hz), 110.3, 109.4, 103.9, 55.6, 53.4, 46.1, 29.3. "F NMR
(470 MHz, Chloroform-d) o -60.5. MS (ESI) m/z fo
C,.H,.F.N,7 (M+H)™, 444.2 (Calc.), found 444.7; LC-MS
purity: 97.64%.

UW108
ﬁ X
HN)\N/ ‘/\
PN
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[0082] N-(4-(4-methylpiperazin-1-yl)-3-(trifluoromethyl)
phenyl)-4-(p-tolyl)pyrimidin-2-amine (UW108) Method B.
The reaction was performed with (E)-3-(dimethylamino)-1-

(p-tolyl)prop-2-en-1-one (38 mg, 0.2 mmol), 1-(4-(4-meth-
ylpiperazin-1-yl)-3-(trifluoromethyl)phenyl)guanidine (73
mg, 0.24 mmol), K,CO, (276 mg, 2 mmol) and nBuOH (5
mlL). Eluent: EZ-prep (10%-60% MeCN/water+0.1%
HCOOH); vield: 16 mg, 19%; white/brownish solid. 1H
NMR (400 MHz, Chloroform-d) o 8.45 (d, J=5.3 Hz, 1H),
8.23 (d, J=2.6 Hz, 1H), 7.98 (d, J=7.9 Hz, 2H), 7.74 (dd,
J=8.6,2.6 Hz, 1H), 7.69 (s, 1H), 7.39 (d, J=8.7 Hz, 1H), 7.31
(d, I=7.9Hz, 2H), 7.19 (d, J=5.2 Hz, 1H), 3.27-3.00 (m, 4H),
2.82 (s, 4H), 2.51 (s, 3H), 2.43 (s, 3H). 13C NMR (101
MHz, Chloroform-d) ¢ 165.2, 160.0, 158.5, 145.7, 141.6,
137.5, 134.1, 1298, 128.1 (q, J=28.5 Hz), 127.2, 125.1,
124.0 (q, J=273.5 Hz), 123.0, 117.7 (q, J=5.8 Hz), 108.7,
54.9,52.4,45.1, 21.6. 19F NMR (376 MHz, Chloroform-d)
0 —60.7. MS (ESI) m/z for C23H25F3N5+ (M+H)+, 428.2
(Calc.), found 428.1; LC-MS purity: >99%.

UWI109

N/\
&

PN
\

)

[0083] 4-(4-tfluorophenyl)-N-(4-(4-methylpiperazin-1-yl)-
3-(trifluvoromethyl)phenyl )pyrimidin-2-amine (UW109)
Method B. The reaction was performed with (E)-3-(dimeth-
ylamino)-1-(4-fluorophenyl)prop-2-en-1-one (77 mg, 0.4

NN

N X
S

N
ClE3

HN
=
AN
N
Sy

mmol), 1-(4-(4-methylpiperazin-1-yl)-3-(trifluoromethyl)
phenyl)guanidine (146 mg, 0.48 mmol), K,CO, (276 mg, 2
mmol) and nBuOH (5 mL). Eluent: EZ-prep (10%-60%
MeCN/water+0.1% HCOOH) followed by normal phase
flash column 5% MecOH/DCM; vield: 35 mg, 20%; white
solid. "H NMR (400 MHz, Chloroform-d) 8 8.47 (d, J=5.2
Hz, 1H), 8.18 (d, J=2.6 Hz, 1H), 8.11-8.02 (m, 2H), 7.77 (s,
1H), 7.70 (dd, J=8.6, 2.6 Hz, 1H), 7.37 (d, J=8.6 Hz, 1H),
7.22-7.11 (m, 3H), 2.97 (t, J=4.7 Hz, 4H), 2.61 (s, 4H), 2.39
(s, 3H). "°C NMR (101 MHz, Chloroform-d) & 164.8 (d,
J=251.6 Hz), 164.0, 160.1, 158.8, 146.8, 136.9, 133.0 (d,
J=3.0 Hz), 129.3 (d, J=8.7 Hz), 128.0 (q, J=28.6 Hz), 125.0,
124.0 (q, I=273.4 Hz), 123.1, 118.0 (q, J=5.8 Hz), 116.1 (d,
J=21.8 Hz), 108.5, 55.6, 53.5, 46.2. '°F NMR (376 MHz,
Chloroform-d) o -60.57, -109.39. MS (ESI) m/z {for
C,,H,,F,N." (M+H)™, 432.2 (Calc.), found 432.1; LC-MS
purity: 97.09%.
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[0084] 4-(3-fluorophenyl)-N-(4-(4-methylpiperazin-1-yl)-
3-(trifluoromethyl)phenyl)pyrimidin-2-amine (UW110)
Method B. The reaction was performed with (E)-3-(dimeth-
ylamino)-1-(3-fluorophenyl)prop-2-en-1-one (77 mg, 0.4
mmol), 1-(4-(4-methylpiperazin-1-yl)-3-(trifluoromethyl)
phenyl)guanidine (146 mg, 0.48 mmol), K,CO, (276 mg, 2
mmol) and nBuOH (5 mL). Eluent: 1%-5% MeOH/DCM;
yield: 29 mg, 17%; white solid. '"H NMR (400 MHz,
Chloroform-d) ¢ 8.50 (d, J=5.3 Hz, 1H), 8.17 (d, J=2.6 Hz,
1H), 7.85 (dd, J=7.9, 1.4 Hz, 1H), 7.79 (dt, 1=10.0, 2.2 Hz,
1H), 7.73 (dd, J=8.7, 2.6 Hz, 1H), 7.52-7.43 (m, 2H), 7.40
(d, J=8.7 Hz, 1H), 7.24-7.14 (m, 2H), 2.99 (t, J=4.8 Hz, 4H),
2.64 (s, 4H), 2.41 (s, 3H). "*C NMR (101 MHz, Chloroform-
d) 0 163.8 (d, JI=2.6 Hz), 1634 (d, J=246.4 Hz), 160.1,
159.1, 146.8, 139.3 (d, J=7.6 Hz), 136.8, 130.6 (d, J=8.0
Hz), 128.1 (q, J=28.6 Hz), 125.1, 124.0 (q, J=273.3 Hz),
123.2, 122.8 (d, J=2.9 Hz), 118.0 (g, J=5.6 Hz), 118.0 (d,
I1=21.2 Hz), 114.2 (d, J=23.1 Hz), 109.0, 55.6, 534, 46.1.
“F NMR (376 MHz, Chloroform-d) & -60.62, -112.24. MS
(ESI) m/z for C,,H,,F,N. (M+H)", 432.2 (Calc.), found
432.0; LC-MS purity: 96.67%.
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[0085] 3-(2-((4-(4-methylpiperazin-1-yl)-3-(trifluorom-
cthyl)phenyl)amino)pyrimidin-4-yl)benzonitrile (UW111)
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Method B. The reaction was performed with (E)-3-(3-
(dimethylamino)acryloyl)benzonitrile (80 mg, 0.4 mmol),
1-(4-(4-methylpiperazin-1-yl)-3-(trifluoromethyl )phenyl)
guanidine (146 mg, 0.48 mmol), K,CO, (276 mg, 2 mmol)
and nBuOH (5 mL). Eluent: 1%-5% MeOH/DCM {followed
by recrystallization with DCM/Hexane; vield: 22 mg, 13%;
yellowish solid. NMR (400 MHz, Chloroform-d) ¢ 8.55 (d,
J=5.2 Hz, 1H), 8.36 (t, J=1.7 Hz, 1H), 8.31 (dt, J=8.0, 1.5
Hz, 1H), 8.16 (d, J=2.6 Hz, 1H), 7.78 (dt, J=7.8, 1.4 Hz, 1H),
7.70 (dd, J=8.6, 2.7 Hz, 1H), 7.63 (t, I=7.8 Hz, 1H), 7.54 (s,
1H), 7.40 (d, J=8.7 Hz, 1H), 7.19 (d, J=5.2 Hz, 1H), 2.96 (X,
J=4.7 Hz, 4H), 2.59 (s, 4H), 2.37 (s, 3H). '°*C NMR (101
MHz, Chloroform-d) o 162.7, 160.2, 139.5, 147.3, 138.2,
136.4, 134.1, 131.3, 130.9, 1299, 128.1 (g, J=28.6 Hz),
125.0, 124.0 (g, J=273.5 Hz), 123.3, 118.4, 118.2 (g, J=3.8
Hz), 113.5, 108.7, 55.6, 53.6, 46.3. '°F NMR (376 MHz,
Chloroform-d) & -60.58. MS (ESI) m/z for C,.H,,F;N/"
(M+H)™, 439.2 (Calc.), found 439.1; LC-MS punty:
08.84%.

UwWl112

= CN

CF;

[0086] 4-(2-((4-(4-methylpiperazin-1-yl)-3-(trifluorom-
cthyl)phenyl)amino)pyrimidin-4-yl)benzonitrile (UW112)
Method B. The reaction was performed with (E)-3-(3-
(dimethylamino)acryloyl)benzonitrile (80 mg, 0.4 mmol),
1-(4-(4-methylpiperazin-1-yl)-3-(trifluoromethyl )phenyl)
guanidine (146 mg, 0.48 mmol), K,CO, (276 mg, 2 mmol)
and nBuOH (5 mL). Eluent: 1%-5% MeOH/DCM {followed
by recrystallization with Acetone/Hexane; vield: 13 mg, 8%;
yellowish solid. '"H NMR (400 MHz, Chloroform-d) & 8.56
(d, J=5.1 Hz, 1H), 8.26-8.12 (m, 3H), 7.87-7.76 (m, 2H),
7.69 (dd, J=8.6, 2.7 Hz, 1H), 7.49 (s, 1H), 7.40 (d, J=8.6 Hz,
1H), 7.22 (d, J=5.1 Hz, 1H), 2.96 (t, I=4.7 Hz, 4H), 2.59 (s,
4H), 2.38 (s, 3H). '°C NMR (101 MHz, Chloroform-d) &
163.0, 160.2, 159.5, 147.3, 141.1, 136.4, 132.8, 128.1 (q,.
J=28.6 Hz), 127.8, 125.0, 124.0 (q, J=273.5 Hz), 123.3,
118.5, 118.1 (g, J=5.6 Hz), 114.5, 109.2, 55.6, 53.7, 46.3.
F NMR (376 MHz, Chloroform-d) 8 —-60.58. MS (ESI)
m/z for C,;H,,F;N* (M+H)", 439.2 (Calc.), found 439.1;
LC-MS purity: >99%.
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[0087] 4-(2-chlorophenyl)-N-(4-(4-methylpiperazin-1-
y1)-3-(trifluoromethyl)phenyl)pyrimidin-2-amine (UW113)
Method B. The reaction was performed with (E)-1-(2-
chlorophenyl)-3-(dimethylamino)prop-2-en-1-one (84 mg,
0.4 mmol), 1-(4-(4-methylpiperazin-1-yl)-3-(trifluorom-
cthyl)phenyl)guanidine (146 mg, 0.48 mmol), K,CO, (276
mg, 2 mmol) and nBuOH (5 mL). Fluent: 1%-5% MecOH/
DCM

[0088] While this invention has been described in con-
junction with the various exemplary embodiments outlined
above, various alternatives, modifications, varations,
improvements and/or substantial equivalents, whether
known or that are or may be presently unforeseen, may
become apparent to those having at least ordinary skill in the
art. Accordingly, the exemplary embodiments according to
this invention, as set forth above, are intended to be 1llus-
trative, not limiting. Various changes may be made without
departing from the spirit and scope of the invention. There-
fore, the invention 1s intended to embrace all known or
later-developed alternatives, modifications, variations,
improvements, and/or substantial equivalents (including
enentiomers) of these exemplary embodiments. All technical
publications, patents and published patent applications cited
herein are hereby incorporated by reference 1n their entirety
for all purposes.
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What 1s claimed 1s:
1. A compound having the chemical structure:

AN

HN)\N ‘\

-~ AT
a
X \R2
AN
(
|

wherein:
R,=Me, Et, n-Pr, —CH,CH,OH, —CH,CH,OP(O)
(OH),, —CH,CH,.NMe,;
R.,=H, Me, Et, o-Pr, 1-Pr, CF,, Cl, OMe;
R;=H, Me, NHMe, NHBn, Cl, NO,OMe, F, CN; and

\ or \ or
- R3 N RS
F F
N
V

2. The compound according to claim 1 having any one of
the chemical structures shown 1n FIGS. Sa-5nn.

3. The compound according to claim 1, wherein said
compound 1s capable of inhibiting a Penicillin-binding And
Serine/ Threonine Associated (PASTA) kinase.

4. The compound according to claim 3, wherein said
PASTA kinase 1s PknB.

5. A method of inhibiting a protein kinase 1n a subject,
comprising administering to said subject an eflective amount
of a compound having the chemical structure:

N/ ‘
)\
HN N AT
a
. R
N
\T/
R
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wherein:

R,=Me, Et, n-Pr, —CH,CH,OH, —CH,CH,OP(O)
(OH),, —CH,CH,NMe,;

R,=H, Me, Et, o-Pr, 1-Pr, CF;, Cl, OMeg;
R,=H, Me, NHMe, NHBn, Cl, NO,OMe, F, CN; and
Ar=

P

X
‘ — R, N
\/ S

Y
F

wherein the protein kinase 1s mhibited 1n said subject.

6. The method of claim 5, wherein the compound has any
one of the chemical structures shown in FIGS. Sa-5nn.

7. The method according to claim 5, wherein said com-
pound 1s capable of inhibiting a Penicillin-binding And
Serine/ Threonine Associated (PASTA) kinase.

8. The method according to claim 7, wherein said PASTA
kinase 1s PknB.

9. A method of treating a bacterial infection 1n a subject,
comprising administering an effective amount of compound
according to claim 1 to a subject, wherein the bacterial
infection 1s treated 1n said subject.

10. The method of claim 9, wherein the bacterial infection
comprises a Mycobacterium tuberculosis 1infection.

11. The method of claim 9, wherein the compound has any
one of the chemical structures shown 1n FIGS. 5a-5nn.

12. The method according to claim 9, wherein said
compound 1s capable of inhibiting a Penicillin-binding And
Serine/ Threonine Associated (PASTA) kinase.

13. The method according to claim 12, wherein said
PASTA kinase 1s PknB.

14. The method of claim 9, further comprising the step of
administering a 3-lactam antibiotic to the subject.

15. A method of treating a bacterial infection 1n a subject,
comprising co-administering an effective amount of a com-
pound according to claim 1 and an eflective amount of an
antibiotic, wherein the bacterial infection i1s treated 1n said
subject.

16. The method of claim 15, wherein the antibiotic 1s a
beta-lactam antibiotic.
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