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AESTRALT
The Invention alates o nove! chemical compoundy, compositions and
methods of making and using the same. In particuiar, the invention provides
pyrdazing compounds andior relatad heterooyolic darvatives, compositions
comprising the same, and mathods of making and using pyridasine compounds

o

andfor relaled helpreoyolio derivatives and compositions comprisiig the sams,

for modudation of cellular pathways {e.g. signal ansduction pathways), for

research, drug soreaning, and therapsutic applications.
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PYRIDAZINE COMPOUNDS, COMPOSITIONS AND METHODS

This invention was fanded, in part, under NIH geants POTAG21184 and ROINS47586

The US government may have certain rights in the invention.

RELATED APPLICATIONS

This application claims prioddty benefit from pdor U5, Provisions! Application Serial
Bumber 600624346 fled November 2, 2004 and 118, Provisional AppHostions Serial Number
60/723,124, filed Qotober 3, 2003, and 60/723,08¢, filed October 3, 2005,

FIELD QP INVESTION

The invention relates to novel chemical compounds, compesitions and methods of
making and using the same. In particular, the invention provides pyridexine compounds andfor
related heterocyelic derivatives, compositions comprising the ssme, and methods of using
pyridazine compounds andfor relsted heterooyelic derdvatives and compositions compeising the
same, for modulation of cellular pathways (e.g., sipgnal transduction pathways), for teatment oF
prevention of inflanuoatory discsses {e.g., Alzheimer's disease), for rogearch, drog soreendng, snd
therapettic spplcations.
BACKGROUND OF INVENTION

The majerity of inflammstory conditions and diseqses result from g Hsruption in the
homeostatic balance hetwsen beneficial and detrimental responses of the organism. Por exsnple,
there may bo e decrsase in the production of trophic molecules that madiste coll survivel and other
beneficial celluler processes, or there may be an overprodoction of wo-dnflermmuiory o other

detrimentsl molecules that mediste toxic cellular reaponses. Disrepulation of sigoal tranaduction

| pathways involving motein kinases s often involved in the geneeation or progression of these

diseases. For sxemple, neurointlaoynstion is a process that resulis primardly from an abnormally high
or chronie activation of ghia (microglia and astrocyies) Thiz oversctive state of glia resulls in
fncvessed Jovels of idflaromatory and oxidative stress moleciles, which can lead to nevron damage or
death. Mewronal damage/death can also induce ghsl sctivation, facilitating the propagation of a
localized, detviments! cyvele of nevroinflanumation {71

The inflammation {e.g., nenrainflanumation) cycle has been proposed 85 a potential therapewtic
target in the development of new approaches to weat inflammatory disease {e.g., Alzhebmer’s disease).

However, the offficacy and lexivological profile of compounds that  fomwe only on classical nog-
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sterojdal sni-inflarenatory ding tergeis have been disappointing to date, for exanple, most anti-

flammatory therapeutics are pallistive, providing mitimal, short-lived, symptomstic relief with
limited effects on inflammatory disease (e.g, newoinflammatory diseases such a8 Alshelmer's
disease} progression. Because the maior societal mpact from inflaomatory  diseases {e.g,
neurcinflammatory dissases such ss Alzheimer's diseass) is expected o increase greatly in coming
decades, there is am ucgent need for snti-inflammstory therapeuntics that impact discase progression
When administersd soon after diapnosts (e.g., diagnosis of coguitive decline}, or in & chemo-
preventive paradigm as combinations of riek factors with proguostic value are identified. Ty either
therapentic paradigm, new drugs must have 3 good therapeutic index, sspecially in regard to
potential toxicology in the sldedy.

Despite an overwhelming need, and the presence of well-defined molevular tavpets, the
current anti-inflammatory drug development pipeline is lacking chomically diverse compotnds
that wark within the relevant therapeutic window and treatment paradigm needed for glieting
disease progression, Aun ares of comparative neglect thet Hits this therapeutic window ig
nevroinflammation {11, Thus, development of new clagses of anti-inflasuatory compounds that
can modulate inflammatory dissase-relevant pathways are urgently nesded,

SUMMARY OF INVENTION

The present invention relates to novel chemical compounds, corapositions and methods of
making and using the same. In particular, the prasent invention provides pyridazine corapoundg
and/er related heterocyclic derivatives, compositions comprising the swue, and methods of using
pyridazine compounds andfor related heterooyclic derivatives, and cormpositions comprising the
same, for modulation of cellular pathways (e.g., signal fansduction pathways), for treatrment or
prevention of inflammatory dissases (e.g., Alzheimer's disease), for research, drug screening, and
therapeutic applications.

The invention provides a method for teating a disosse dizclosed herein, in particular an
nflamumatory disease in 2 subject comprising administering to the subject & pyridaziny radical
pendant with an aryl or substituted aryl, in particnlar phenyl or substituted phenyl, a heteroaryl or
substituted heteroaryl, in particular piperuziny substituted with pyrimiding, or pyridinyl.

In an aspect, the invention provides s methed for treating a disease disclosed herein, in
particular an inflammatory disease, in a subject comprising administering to the subjsct g
compound of the Formula I, comprising § 2 and Ib;

Forroula §
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whersin RY, R? and R are independently hydrogen, hydronyl, alkyl, alkenyl, alkynyl, alkviene,
alkenylene, alkoxy, alkenyloxy, cycloalkyl, cycloalkenyl, arvl, aryloxy, arvlalkoxy, arovl,
heteroaryl, heterocyclic, acyl, acyloxy, sulfonyl, sulfinyl, sulfenyl, amino, iwino, azido, thiol,
thioalleyl, thioalkoxy, thivaryl, nitro, ureide, cysno, halo, silyl, silyloxy, silvialkyl, silylthio, =0,
=8, carboxyl, carbonyl, carbamoyl, or cadboxamide; R’ is hydrogen, hydroxy, alkyl, alkenyl,
atkynyl, alkylene, alkenylene, alkoxy, alkenyloxy, cycloalkyl, cycloallenyl, myl, arvioxy,
arylalkoxy, aroyl, heteroaryl, heterocyclie, acyl, acyloxy, sulfonyl, sulfinyl, sulfenyl, amine,
iming, szido, thicl, thicalkyl, thioalkoxy, thioaryl, nitro, ureido, cyano, hale, silyl, silyloxy,
silylalkyl, silyithio, =0, =8, carboxyl, cwrbonyl, carbamoyl, or carboxamide or R7 may be
absent and there is 2 double bond between N gt position 1 and C &t position 6; R“, R®, and R®
are independently hydrogen, allyl, atkoxy, halo, or nitro; or R’ and 2% R and R ar R® and R?
msy form z heteroaryl or heterocycle rng: or an isomer or a pharmaceutically acceptable salt
thereof,

In an embodiment, B! is a piperazinyl or substitited piperazingl, in particalsr a

piperaziny! substituted with a pyrimidinyl of Pormula A below.

NS
— NMQQ
A

Therefors, the invention also provides a method for troating a disease disclosed herein,
in particnlsr an inflamumatory disease, in 2 subject coroprising administering to the sobject &
compound of the Formuls I
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wherein R'® and R'! are independently hydrogen, hydroxyl, alkyl, alkenyl, alkynyl, allylens,
alkenylene, alkoxy, aikenyloxy, cycloalkyl, cycloalkenyl, anyl, sryloxy, arvialkoxy, awoyl,
hetercaryl, heterocyelic, acyl, acyloxy, sulfounyl, sulfinyl, sulfenyl, smine, imino, azide, thick
thicalkyl, thicatkoxy, thivaryl, nitro, ureido, cyano, hale, silyl, silyloxy, silylalkyl, sityldiio, =0,
=8, carboxyl, catbonyl, carbamoyl, or carbowamide; or an isomer ov a2 pharmsceatically
acceptable salt thereof

In an aspect, the invention provides a method for treating a disease disclosed bersin, in
partcular an inflanomatory disease, in s subject comprising administering to the subject a

compound of the Formula T

R‘?S

wherein B” and R are independently hydrogen, hydroxyl, alikyl, alkenyl, alkynyl, alkylens,
alkenylene, alkoxy, alkenyloxy, cycloalkyl, cyoloalkenyl, aryl, wyloxy, srvlalkoxy, avoyl,
heteroaryl, heterocyclic, acyl, acyvloxy, sulfonyl, sulfinyl, sulfenyl, amine, imino, azide, thiol,
thicalkyl, thicalkexy, thicaryl, nitro, ureido, cyane, halo, silvl, silyloxy, silylalkyl, silyithio, =0,
=8, carboxyl, carbonyl, cwbameoyl, or carboxamide; or an isomer or 8 pharmscentically
acoeptable sait thereof,

In another aspect, the invention provides s method for ireating 2 disease disclosed
herein, in paticalar an inflamcostory disesse, in a subject comprising adiministening to the

subjoct s compound of the Formula IV:
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wherein R” is substituted or unsubstitated hydrogen, hydroxyl, alkyl, alkenyl, allcynyl, stkylene,
alkenylene, alkoxy, atkenyloxy, cycloalkyl, cycloalkenyl, aryl, aryloxy, arvialkoxy, aroyl,
hetercaryl, heterocyclic, acyl, acyloxy, sulfonyl, sulfinyl, sulfenyl, amino, imino, azido, thiol,
thivalkyl, thivalkoxy, thicaryl, nitro, ureido, cyano, halo, silyl, silvloxy, silylalkyl, silyltide, =0,
=5, cathoxyl, carbonyl, carbamoyl, or carboxamide, especially heterocyclic, heteroaryl, anno,
and substituted amine and B™ is aryl or substituted arvl; or an isomer or a pharmaceutically
acceptable salt thereof.

In a further aspect, the invention provides a method for treating & dissase disclosed
herein, in pwticular an inflanmatory disease, in a subject comprising administering to the

subject a compound of the Formula V:

)
Rr®
- 2n
@
Rﬁi
:ﬁﬁ&’
A

wherein R, BY, and R® aee independently hydrogen, bydvonyl, alkyl, alkenyl, atkynyl,
allcylene, alkenviene, alkoxy, alkenyloxy, eycloalkyl, cycloalkenyl, aryl, aryloxy, srviatkoxy,
aroyl, heteroaryl, heterocyclic, acyl, acyloxy, sulfonyl, sulfinyl, sulfenyl, amdine, iming, azido,
thicl, thicalkyl, thivalkexy, thicaryl, nitro, wreido, cyane, halo, silyl, silvioxy, silvialiyl,
silylthio, =0, =8, caboxyl, carbonyl, carbamoyl, or carboxamide: or an isomer or 2

pharmaceutically acceptable salt thersof,
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In an sspect, & mothod i3 provided fﬁfi}:@aﬁng § discase disclosed herin in 8 subject
comprising administering a compound of the Formuls L, 1L I, TV, or 'V as defined herein, with
the provisy that compounds depicied n Table 1 are sxcluded

The invention relaies to a method for oating dizeases disclosed hersin in 2 subject
gomprising administering 10 the subject a therspentically effective amount of one or more
compound of the Formula I, I I IV, or V, or 2 pharmecemtically scceptable salt thereof, or 2
composition comprising 2 compound of the Formauds L I I, IV, or V aed 2 phareceutically
scceplable cartler, excipiont, or vehicle. In an sspect the invention provides beneficiad offects
following irestoent. The methods of the jnveption can be wed therspeutically or
prophiyiactically in a subjest susceptibie 10 or heving 2 genstie predisposition to 8 disease
disclosed hercin,

In another aspest of the invention, & method is provided for troating in @ suldert a discase
involving or characterized by inflamumation, in panticvlar newrcinflammation, comprising
administering to the subject a therapentically effective smount of 8 compound of the Formula I,
IO IV, or 'V, or a pharmacentically accepiable salt thereof. In 8 further aspest, 3 method is
provided for ireating in @ subject & condition i'nmiving mflanonation, 0 parbonlar
souroflammation, comprising administering o the wubies! & therapeutically effective amount of
& composition corpprising 2 compound of the Pormula § I L 1Y, or ¥V and o pharmscoutically
acceplable camler, excipient, or vehicle,

In 8 fucther aspect, the invention provides s method involving administering to a subject
& therapentic compound of the Pormeda [, I 0L IV, or V¥, or 3 phanmaceutically acceptable salt
thereof, or 2 composition comprising a compound of the Forda L I I, IV, v ¥, and a
phavmoaceutically  acoopiable camer, excipient, or vehicle which inhibit or redoce
neuroflsmmation, asctivation of gha, proimflammatory cviokines, oxidative siress-relsted
enzymes, acite phass proteins andfor components of the complement cascade,

In ancther aspect, the invention provides & method for treating in » subject 8 disease
sssoviated with neurcinflanveation thet can be decressed or inhibited with 2 compound
disclosed hersin conyprising administering to the subject s therapeutically effective smount of 8
compound of the Formulds | B, I, IV, or ¥, & phapmacentically accepiable salt thereof, or a
composition comprising & compound of the Formwla L I I, TV, o ¥, n particdar the
compounds depicted in the Fgures and Tables, mors parlicelsrdy Table 2, 3, 4 or § and derivatives
thereof and an isomer or pharmacsuticslly scoeptable carrer, excipient, or valdcle,

Methodr of the fovention may be used to prevest or inldbit activation of protein kinsses,

in particular death associated protein kinase (DAPKY; reduce or inhibit kinase activity, ghial
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activation, sewronst coll damege, andor wewronal cell demth; inhibit coll signaling roolesuls

production (e.g., J-1B and TNFg), ameloriate progression of a disease or obisin 2 less severs
stage of a disease in a subject suffering from such disesse (o.g.. newroinflammatory disease, in
particulsr & neurodegeserstive disese, more partioularly Alzheimer's discose); delay the
progression of & disense {e.g newroinflammmatory diseass, in pasticular a neurodegenerative
discase, more particularly Alzheimer’s discase), increase survival of a subject suffering from a
disgase (e.g. newrcinflanumatory disease, in particular a newrodegenerative disease, mote
pasticularly Alzheimer’s disease; treat or provent 2 neurodegenerstive disease, in particalsr
Alzheimer’s disease; treat mild cognitive impairment (MO reverse  or  indubit
renroinflammation, activation of signdling pathways imvolved in  inflasmation &8,
neurcinfiamimation), cell signaling molecule produstion, activation of ghis or ghial activation
pathways and responses, proinflareatory oyiokines or chemokines {e.g., interdeukin (L) or
tamor secrosis factor (TNF), oxidative stress-related responses such 25 nitde oxide synthasse
production and nitric oxide scoumulation, scute phase proteins, components of the complement
cascade, profin kinase activity (e.g., death asseciated protein kinsse activity), newrons! oell
damage, andlor nenronal cell death, after the onset of cognitive deficits and Alzheimer’s disease
neuropathology o a subject; improve meroory of a heslthy subiect o the memory of a subject
with age impaired memory; improve memory, especially short-term memory and other mental
dysfunction associated with the aging procsss; treat a meromal In nesd of improved memory,
wherein the mamoal bas no dagnosed dissase, dieorder, infirmity or ailment known to impair
or otherwise diminish memory; sndior improve the Hfespan of 2 sublect suffering from
Alzheimer’s disease.

The invention provides a method of proventing a disease disclosed hersin in a subject
with a genetic predisposition to such discase by administering an effective smount of a
compound of the Poromda LI L IV, e V, e s phasmaceutically acceptable salt thereof, or 2
consposition comprising 2 compound of the Formula 1, 1, T5, IV, or ¥V and & pharmaceusieally
accepiable camier, excipient, or vehicle.

The invention relates to compounds of the Formulz I with the provise that the
compounds depieted in Table 1 are excluded.

The investion relates to compounds of the Formuls T with the proviso that the
compounds depdoied in Table 1 are snchuded,

The invention slso relstes to compounds of the Formuls I with the provise that

compounds depicted in Toble | are excladed.
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The invention also relstes to compounds of the Pormula IV with the proviso that

compounds depicted in Table 1 are excluded.

The invention also selstes to compounds of the Fomuuls V with the proviso that
compounds depicted in Table 1 are excluded.

A compound of the Formule I 6, HI, IV, or V may optipnally comprise 8 carrisr
interacting with one or more radicals in the compound, for example RL RSB R B, P ®°
in Formads L A carder may be a polyiser, carbohydeate, or peptide, or combinations thersof,
and 1t may be optionally substitwted, for example, with ons or mors alkyl, halo, hydroxyl, halo,
OF anHng.

In accordance with sspects of the invention pyridezine compounds sndfor melated

heterocychic derivatives thersof (See, £.g., the Figores and Tables herain, in particolar Table 2,
3, 4 or 5 or derivatives thereof} are provided for uee in research, drug scresning, for modulation
of cellular pathways {e.g., signal ransduction pathways), and for reatment or prevention of
inflamemeadory diseases {e.g., Alheimer’s disease}, In some embodiments, the present invention
provides new clagses of chemical compounds capable of modulsting pro-inflammatory and
oxidative sivess wlated, cellular sipnaling pathwaye {e.g., In activated glisl cellsy In some
smbodiments, one or o compounds of the Figures and Tables berein are used to modulate
kinase sctivity alone or in combination with other compounds or therapies. In some
erbodiments, compounds, and rosthods of using the corppounds, provided by the invention are
thove depicted in the Figores and Table 2, 3, 4, andlor 5 and derivatives thereofl In some
embodiments, the vention provides MWOLA-5-183WH, MWOILSIBEWH, MWOL2Z-
O63LEM. MWOLZ-IB4WH, MWOL-2-188WH and MWOILZ-1513BM and methods of
syrthesizing the same,

In some embodiments, the inveption provides MWUIL-3-5-183WH, MWOI-5-188WH,
MWOLZO063LXM, MWOLZ-184WH, MWOL-2-15188M, MW01-2-189WH, MW0I-1-01-1-
DO, andior related heterooyclic derivatives of these compounds and pethods of making and using
the same for modulating collular pathways {e.g., signal ransduction pathways) for use in Teseanch,
drug screening, and thergpentic spplications.

In an aspect, the invention provides compositions for prevention andior treatrent of a
disesse dissiosed herein. Thus, the invention provides 3 pharmacentical composition comprising
a compound of the Formmula L 1, 8L IV, ar ¥, in particular 2 therapeutically sffective amownt of
a compound of the Formuda §, T, HL IV, or V, more particoladdy 2 compound depicted in the
Figures and Table 2, 3, 4, and/or § or derivatives thereof, for treating a disease. Move particulady,

the invention provides a pharmaceitical composition in a fonm adupied for adminisiration o 2
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subject to provide therapeatic effects, in particuder beneficia] effects 1o treat ¢ discsse disclosed

hersin,

In ancther aspect, the composition is in 2 form such that adroinistration to a subject
suffering from & discsse results in a decvease or reversal of one or more of the following:
inflammation {e.g. newoinflamumation), activation of signaling pathways involved in
inflammation {e.g., neuroinfleramation}, cell signaling molecule production, activation of glia or
ghial activation pathways and respomses, promflammstory ovickines or chemokines {e.g.,
inferleukin (JL) or tumor necrosis factor (TNF), oxidative stress-related responses sush as nitde
oxide synthase production and nitvie oxide scoumulation, acute phese proteins, components of
the complessent cascads, protein kinase activity (e.g.. death associated protein kinase activity),
cell demage (e.g., neuronal cell damage), andfor cell death {s.g., newonal osll death). A
composition of the invention can be in 2 form that results in one or more of a decrsase of
reversal of one or more of the following: inflarmation (e.g neurcinflamanation), activation of
signaling pathwavs involved in inflaramation {e.g., neurcinflarnmation), cell signaling molecule
production, activetion of glis or ghial aciivation patha%iays and responses, proinflammatory
cytokines or chemokines {e.g., interleukin (IL} or tumeor necrosis factor (TNF), oxidative stross-
related responses such as pitrdc oxide synthase production and nitrde oxide sccumulation, acute
phase proteins, componests of the conmplement cascads, protein kinase activity (o.g.. death
associsted protein kinase activity), cell damage {e.g., neuronal csll damage), and/or el death
{e.g., nourongd cell death) in 2 sublsct,

In an aspect, the invention fealimes a composiion comprising a compound of the
invention in g therapeutically effective amount for decreasing or reversing of one or more of the
following: inflammation {¢.g. neurcinflammation), activation of signsling pathways involved in
inflammation (8.g., neuroinflammation), cell signaling molecule production, activation of glis or
glial activation pathways and responses, proinflammstory cvtokines or chemokines {(s.g.
interleukin (IL) or tomor necrosis factor (TNE), oxidative stress-related responses such as nilzic
oxide synthase production and nifric oxide accurnulation, acute phase profeins, components of
the complement sascade, profein kinase sotivity {e.g., death associated profein kinase activity},
gell damage {e.g., newonal cell damage), sndior cell death {e.g., neuronal ool death) in a
subject. The composition can be in a pharmacestically accepiable camier, excipient, or vehicls.

Additionally the invention contemnplates g method of prepating a stable pharmaceuticsl
composition comprizing one or more cosmpound of the Pormuda L I, BE IV, oo V. After g

composition is prepared, it can be placed in an appropriate container and labeled for treatment
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of an indicated disease. For administration of & composition of the invention, such labeling

would inchude amount, frequency, sad method of administration.

o some agpects the invention provides methods to make comumercially available pills,
tablets, caplets, soft and hard gelatin capsules, Jozenges, sachets, cachets, vegicaps, lguid drops,
elixirs, suspensions, emulsions, solutions, syrups, assrosols (28 a solid or in & Hguid medium)
supposiiories, slerile fnjectable solutions, andfor sierile packaged powders, which contain a
sompound of the Pormula L 1L I35 IV, or V of the invention,

In an aspect, compounds and compositions of the Invention may be administered
thergpeattically or prophylsctically to treat a discase disclosed herein, While not wishing to be
bound by any pacticular theory, the compounds and compositions may act {o ameHorate the
course of a discase wsing without Hmitation one or more of the following mechsnisms:
preventing, reducing andfor inhdbiting inflammeation {e.g. veurcinflamumation), activation of
signaling pathways involved in inflammaetion {e.g., newvinflammation), cell signaling molscule
production, activation of glis or glisl activation pathways and responses, proinflaromatory
eytokines or chemokines {o.g., interdoukin (L) or tumor necrosis factor (ENF), oxidative stress-
related responses such as nitrlc oxide synthase production and nitric oxide scoumulation, acute
phase proteins, components of the complement cascade, protein kinase sciivity {e.g., death
agsociated protein kinase aetivity), cell damage {2.g., newrondd cell damage), andfor cell death
{v.g., newronal cell death),

The invention relates to the vse of 8 composition comprising at least one compound of
the Formula L I T, IV, or V for the preperation of 2 medicament for treating o discase
disclosed herein, The invention additionally relates to uses of a pharmaceuticsl composition of
the invention in the preparation of medicaments for the prevention andfor treatment of a disease
disclosed herein. The medicament raay be in a form suitable for consumption by a subject, for
example, a pill, lablel, caplet, soft and hard gelatin capsule, lozenge, sachst, cachet, vegicap,
lignid drop, elixir, suspension, emulsion, solubion, syrup, zerose! (as a solid or in a Hguid
medium) suppository, sterile injectable solution, andfor stedle packaged powder.

The invention further relafes to 2 kit comprising one or more compound of the Parroula
LI, L IV, or V oor a composition comprising a compound of the Pormula LIL IL TV, or V. In
an aspeot, the invention provides a kit for preventing andfor treating a disesse disclosed hersin
comprising one or more compound of the Formuls 1, I, UL IV, or ¥, & container, and
justructions for use. The composition of a gt of the igvention can further comprise 8

pharmacentically accepiabls cacrier, excipient, or vehicle.
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The compounds of the Formula L I, B3, IV, or V (in particular the compounds depicted

in Table 2, 3, 4 sndfor 5 or derivatives thereof} provide 2 struciuesl scaffold on which to base
compositions for decreasing or reversing one or more of the following: inflammetion {e.g.
peurcinflammation), activation of signgling pathways fnvobved in inflommetion {eg.
neuyoinflanumation), cell signsling molecole production, activagon of ghie or ghal sotivation
pathways and responses, proinflammatory eytokises or chemokines (6.8, interlenkin () or
mamor secrosis factor (INF), oxidative siress-rolated rosponses such as nitie oxide synthase
production and nitric oxide sceuroulation, soute phase proleine, components of the complement
cascade, protein kinase activity {e.g., desth associsted protein kinase sctivity}, cell damage {e.g..
neuronal cell damage), andlor cell death {e.g., nevronal cell death), wherein the compound
coroprise & structors of Pormnds LIL IHL TV, or VL

Thus, the invention also conternplates Hbraries or collections of compounds sll of which
are vepresented by & compound of the Fermula L IL I, IV, or V, in particoler 2 compound
depicted in Table 2, 3, 4, andfor § or devivetives thereof. In particular, the invention
contsmplates 2 combinstorial Hbrary comprising compounds for decressing or reversing one of
more of the following: inflamunation {e.p. neuroinflammistion), sctivation of signaling pathways
tnvolved in inflorsmstion (eg., newoinflsmmetion) ool sigoaling molecnle woduction,
gctivation of glis or glial activation pathways and responses, proinflammstory oytokines o
chemokines {o.g., ntedekin () or tumor necrosis factor (TNF), oxidative stress-related
responsss such a8 pitrde oxide synthase producton and nittdc oxide accumulation, acute phase
proteins, components of the complement cascade, protein kinase activity (e.g., death associsted
protein kinsse activity), cell damage (o.g. newronal cell duwmage), andfor cell death {o.g,
nsurongl cell death), wherein the compound cornprise o structure of Forpla L L I IV, e V.

These and other aspects, features, and advantages of the present invention should be
apparent to those skilled in the axt fom the following detailed description.
DESCRIPTION OF THE FIGURES

Figure 1 depicts 2 symthetic scheme for synthesis of MWO1-3-183WEHL

Fignre 2 & and B we graphs showing concentration dependent inhibition of
projnfiemmetory cytokine production by M®OL-3-183WH in BY-2 cells

Figure 3 A- H show graphs and micrographs of sciivily of MWOL-5-188WH. A b a
graph of ML-1B and (B) TNFu levels by the BV2 microglial cell ine. (C) Accumulation of the
MO metabolite, niivite, was not inhibited; Western blots of (NOE, COX2 or apoE production in
achivated glis In (O); INOS, (B) COX-2 and {F) apoB from ghia cultwres. DMicrographs of

treatment with diluent snd compound are shown In (G} and (H}
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Figwe 4 A-H shows graphs and micrographs of activity of MW01-5-188WH sfter oral

administration.

Figure § A-C shows graphs of reeults of oral adminisiration of MWOL-5-188WH.

Figure & A-D shows pgraphs and fmmuncblots Hlustesting the cell-based activity of
MWOI-2-1515RM in BV.2 microglial celis.

Figure 7 A shows graphs illustrsting in vivo activity of MWO1-2-1515RM in the AP
infusion mouse model  CGraphs we of MWOIL-2-151SREM suppression of Af-induced
neupoinflammation and synaptic damage and activity in the Yemaze, Hippocampal sections or
extracts from vehicle-infused mice {contrel), AP-infieed mice injected with solvent, and AB-
infused mice injected with MWOI-2-1518RM were svaluated for neurcinflammation by
measuremnent of the levels of the pro-inflammatory cytokines IL-18 (A), TNFe (B}, and S100B
(), anud the nuwnber of GRAP-pogitive astoeytes, () and the presynaptic marker, synaptophysin,
(B}, and evaluated for synaptic demasge by anslysis of the levels of the post-synaptic density
protein 95 (PSD-93) (F), and Y-maze. Dats are from one of two independent sxperiments, and
are the mean + SEM for 4-3 mice per experiments! group.

Figure 8 is a synthetic scheme for MWOL-T-O84WHL

Figure 9 s o synthetic scheme for MWOL-7-085WEH,

Figure 10 is a synthetic scheme for MWOL-7-001WEL

Figure 11 i¢ 8 synthetic schemme for MWOL2-065LKM.

Figure 12 is a synthetic scheme for MW01-2-0654-SBM.

Figure 13 s a synthetic scheroe for MWOI-2-1518BM.

Figure 14 is a synthetic schome for MWO1-2-1318RM,

Pigure 15 s 5 synthetic scheroe for MWOL-2-1518RM.

Bigure 16 iz & synthetic scheme for MWOL-3-188WHL

Figure 17 is a synthetic scheme for MWOL-5-188WH,

Figure 18 is a synthetic scheme for MWG1-3-188WH.

Figuee 19 A and B are synthetic schemes for MWOIL-6-189WH.

Figure 20 is a synthetic scheme for MWOL-7-020WH.

Figure 21 is a synthetic schems for MWOL-T-027B-WH

Figure 22 is a synthetic schome for MWOL-3-0655RM.

Figure 23 is a synthetic schewe for MWOL3-0665RM.

Figure 24 te a synthetic scheme for MWOL-7-133WH.

Figure 25 is a synthetic scheme for MWOL-7-107TWH.

Figure 26 is a synthetic scherpe for MWOL-7-057TWEH
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Figure 27 is a synthetic scheme for MWOL-2-163MAS.

Figure 28 18 & synthetic schome for MWOL-7-084WH,

Figure 29 A-C shows graphical data of the assays used herein for MWO1-2-030WH,

Figure 30 A-E shows graphical data of the zssays used heroin for MWOL-2-036WH.

Figure 31 A-C shows graphical data of the assays used hereln and bnununoblots for

bological sctivity of MWO01-7-057TWH.

Figure 32 A-E shows graphical data of the assays used herein for MWOL-7-037TWH.

Figure 33 A-C shows graphical data of the assays used hersin snd innmuncblots for

hological activity of MWO1-2-065LERL

Figure 34 A-E shows graphical data of the assays used herein for MWO1-2-063LEKM.

Figure 35 A-C shows graphical data of the assays used hersin and immuncblots for

biological activity of MWOL-2-069A-8KM.

Figure 36 A-E shows graphical dats of the assays used herein for MW01-2-068A-SRM.

Figure 37 A-C shows graphical data of the assays used herein and impnunoblos for

bislogical activity of MWOIL-7-U8SWH.

Figure 38 A-E shows graphical data of the assays used herein for MWOL-T-085WEHL

Figure 38 A-C shows graphicsl dais of the sssays used herein and inunmmoblots for

biological activity of MWQL-7-001WH.

Figure 40 A-¥ shows graphical data of the assays used herein for MWOL-7-091WH.

Figure 41 A-C shows graphical deta of the assays used herein and immumoblots for

biological activity of MWOL-7-107TWH

Figure 42 A-E shows graphical data of the assays used herein for MWOL-T-10TWHL

Figure 43 A-C shows graphical data of the assays used herein and trommeblots for

biological activity of MWOL-7-127WH,

Figure 44 A-H shows graphical data of the assays used herein for MWOL-7-127WH

Figure 45 A-C shows graphical dsta of the assays uaed herein and invmunoblots for

biclogical activity of MWOL-2-1318RM.

Figure 46 A-H shows graphical data of the aesays used herein for MWO1-2-1515RM.

Figunre 47 A and B are graphs of response to MW01-2-1518RM, in a test for toxicity
where DMSO in saline was the control, snd QTo interval messarement. QT intervals wers
ohtained at baseline and st 15 min, 30 min, 45 min, and 60 min after compound administration.

Figure 48 A-F are graphs of siability data wsing human (AB} and rat (C.D) microsomes
with MW01-2-1515RM in two different smounts, for two e periods. € and ¥ show hunan
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{H}) snd (F) ral microsomes with MWO0I-2-1518RM stability for different time periods

compared o minaprine.
Figure 49 A-C shows graphical date of the assays used herein and fmnumoblots for
bivlogical activity of MWO1-2-163MAS.
Figure 30 A-C shows graphical data of the assays used herein and imuounoblots for
biclogical activity of MWO1-6-180WH,
Figure 51 A-D shows graphics] data of the assays used herein for MW01-6.180WH,

DETAILED DESCRIPTION

Por convenience, certain terms employed in the specification, examples, avd appended
claims are collected hers.

Numerical ranges recited bherein by endpoints Include all numbers and fractions
subsumed within thet range {(e.g. 1 to 5 imcludgs 1,1.5,2,2.75,3,380, 4, and 3). Tt iz also to be
undersicod that all numabers and fractions thereof are presumed io be medified by the term
"sbout.” The term “sbout” means plus or minus 0.1 0 50%, 5-50%, or 10-40%, preferably 10-
20%, more preferably 10% or 15%, of the munber to which reference is being made., Porther, it
is 10 be understood that "a," "an,” and "the” include plural referents unless the content clesrly
dictates otherwise. Thus, for example, reference to é composition comprising "a compound”
includes 2 mixture of two or more compounds.

As used herein the terms “adovinistering” and “asdministration” refer to 2 process by
which a therapentically effective amount of & compound or composition contemplated hevein is
delivered to & subject for prevention and/or treatment purposes, Compositions are administersd
in accordance with good medical practices taking into account the subject’s chinical condition,
the site and method of administration, dosage, patient age, sex, body weight, and other factors
known to physicians.

As used herein, the teom "so-adminisiration” refers to the administeation of at least two
compounds or agent(s} {e.g., compound of the Formula §, I, HL IV, or V or pyridazines) or
therapies to a subject In some ombodiments, the co-admdsistration of two or more
agenis/therapies i concurrent. In other embodiments, a first agent/therspy is sdministered pror to
a second agentithetapy. Those of skill jn the ant undersiand that the Formulations andfor routes of
administrstion of the varions sgentsitheraples weed may vy, The approprisie dossge for co-
adiministration can be readily determined by one skilled in the ant In some sbodiments, when
agents/therapies gre co-administered, the respective agents/therapies are administered at lower dosages
than approprizte for thelr administration glone. Thus, co-administration is especially desirable fn
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smbodiments where the co-adminisiration of the agemw/therapies lowers the requisite dosage of &

known polsatiglly harmful {eg,, tomic) apentis).

The term “treating” refers to reversing, allevisting, or inhibiting the progress of a
diseage, oF one of more gymptoms of such disease, to which such term applies. Depending on
the condition of the subject, the term also refers to preventing a disease, and lncludes preventing
the opset of a disesse, or preventing the symptoms sssocisted with a disease. A treatment may
ke pither performed in an asule or cheonic way. The term also vefers to reducing the severity of
a disesse or svmptoms associsted with such digsease prior to affliction with the diseass. Such
prevention or reduction of the severity of s discase prior to affliction refers to administration of
2 compound or composition of the present invention 10 a subject that is not &t the thne of
administration affiicted with the dissase. "Preventing” also refers to preventing the recurrence of
& dissage or of one ov wore symptoms associated with such disease. "Trestoment® and
“therspenticaily,” refer to the act of weating, as "eating” iz dofined shove.

The terms “subject”, “individual”, or “patient” are wsed interchangeably herein and sefer
1o an snims! prefersbly & warme-blooded animal such a5 & mammsl, Mammal includes withow
Hmitation sny members of the Mammalia, In general, the terms refer {o 2 human. The terms slso
include domestic animals bred for food or as pets, including squines, bovines, sheep, pouliry,
fish, porcines, canines, felines, snd zoo animsls, goats, apes (e.g. gorills or chimpanzee), and
rodenis such a8 vats and mice,

In aspects of the invention, the teyms refer to organismos 1o be treated by the methods of the
present invention. Such organisms prefersbly include, but are not Hmited to, mammals {e.g.,
mrines, simians, equines, bovines, porcines, canines, felines, and the Hke), and most preferably
includes humans. In the context of particnlar aspects of the invention, the term "subiject” gonerally
miers o an individual who will receive or who hes received trestment {o.g., admindstration of &
compeund of the Pomnula 1, I, I, TV, or V or a pyridazine compound(s), and optionally one or
more other agents) for a condition charsctorized by inflanumetion, the dysregulation of motein
kinase sotivity, and/or dysreguiation of gpototic processes,

Typical sabjects Tor treatment include persons afflicted with or suspected of having or
being pre-disposed to 5 disease disclosed herein, or porsons susceptibe to, suffering Som or that
have suffered a discase disclosed heveln. A subject may or may not have a gemetic
predisposition for 2 disease disclosed herein such as Alzhelmer's diceass. In particolar aspects, &
subject shows signe of cognitive deficits and Alzheimer’s discase newropathology. In
embodinents of the fnvention the subjects are suspectible to, or suffer from Alzhelmer's

diseage,
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As utitized herein, the term "healthy subject” means a subject, in particular a mammal,

having no diagnosed disease, disorder, infirmity, or ailment, more particulardy & disease,
disorder, infirmity or ailment kuown to impair or otherwise diminish memory.

The term “dlagnosed,” as used herein, refers to the recognition of 4 disesse by its signs and
symptoms {s.g., resistance o conventional therapies), or genetic analysis, pathological analysis,
histological analysis, and the Hke.

As nsed herein, the term “modulate” refers to the activity of a compound {e.g., 8 compound of
the Formulz L T, T4 IV, or V, or a pyridazine compound) to affect (.., to promote of retard) an
aspect of eefhular fanotion, including, but not Hnited to, csll growth, proliferation, apoptoxs, and the
Hks.

A “heneficial effect” refors to an effect of 2 compounnd of the Inventon or composition
thereaf in cevtain aspects of the invention, including favorsble pharmacelogical andfor
therapeutic effects, and fmproved Mological activity. In aspects of the invention, the beneficial
effects include without Hmitation prevention, reduction, reversal, or inhibition of one or more of
the following: inflammstion {c.g. newroinflammation), activation of signaling pathways
involved in ioflammation (e.g., sewoinflammation), cell signaling melecule production,
activation of glia or ghal activation pathways and responses, proinflamrontory cytokines or
chemokines (o.g., nterdeukin (L) or tumor neorosis facter (TNE), oxidetive sivess-related
responses such as nitric oxide synthase production and nitric oxide accumulation, acute phase
protelns, components of the complement cascads, protein kinase aptivity {e.g., death assoriated
protein kinase activity), cell damage (e.g. neuronal cell damage}, andfor cell death {(e.g,
neuronal oell death). Tn some aspects, a beneficlal effect ix a favoursble charactedstic of a
composition comprising & compound of the Formula I, I, I, IV, or V including without
lmitation eshanced stability, g longer half life, andfor enhanced uptake and transport across the
blood brain barrder,

The beneficial effect can be a statistically significant effect in terms of statistical analysis
of an effect of a compound of the Formula I, I, KL, IV, or V versus the cffects without the
compound or compound that is not within the scope of the invention. Statistically significant” or
“significantly differemt” effects or levels may reprosent levels that are bigher or lower than &
standard. In aspects of the invention, the difference may be 1.5, 2, 3, 4, §, or 6 times higher or
lower sompsred with the effect obtained without a compound of the Formula LIL HL IV, or V.

The term “pharmaceutically scceptable carder, excipient, or vehicle” refers to a medium
which does not interfere with the effectiveness or activity of an active ingredient and which 15

nct toxic to the hosts to which it is administered. A carder, excipient, or vebicle includes
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diluents, binders, adhesives, lubricants, digintegrates, bulking sgenls, wetling or emulsifving

agents, pH buffering agents, and miscellaneous materials such as absorbants that may be needed
in order to prepare a particular composition. Examples of carriers ete, include but are not Hmited
{0 saline, buffered saline, dextross, water, glycerol, eihanol, and combinations thereof. The use
of such media and agents for an active substance is well known in the art,

The compounds of the Formule I, T, T, IV, or V disclogsed herein also include
"sharmaceutically acoeptable salt(s)”. By pharmaceutically acceptable salts Is meant those salts
which are suitable for use in contact with the tissues of a subject or patient without undue
toxicity, hmitation, allergic response and the like, and ave commensurate with a reasonable
benefit/risk ratio. Pharmaceutically scceptable salts are desoribed for example, in 8. M. Berge,
et al., J. Pharmacentical Scisnces, 1877, 66:1. Exanﬁpies of salts inchyle MWOIL-1-01-L-D10,
MWO01-1-01-L-802, MWOI-1-01-L-BOB, MW{1-1-03-L-A08, MWOI-1-16-1-D08, and MWO1-
1-17-L-G04,

A compound of the Fornmds [, T, I IV, or V can contaln one or more asymmetric
centers and roay give tise to enentiomers, diasteriomers, and other stersoisomerie forms which
may be defined in terms of sbsolute stereochemdstry a8 (R} or (8)-. Thus, compounds of the
Formula I, T, I, IV, or V include sl possible dissteriomers and enantiomers as well as their
recemic and optically pure forme. Optically active (R}~ and (8)-somers may be prepared using
chizal eynthons or chiral reagents, or resolved using conventional techniques. When a componnd
of the Formuls [, IL, I, IV, or V contains centers of geometric asymmetry, snd onless specified
otherwise, it is intended that the compounds inclode both B and A geometric isomers. All
tautomeric forms are also jncluded within the scope of a compound of the Pormula §, I, I TV,
or'V.

A compound of the Formula I, 11, I, IV, or V can exist in unsolvated as well as solvated
forms with phatmacentically acceptable solvents such as watsr, cthanol, and the Hke. The
solvated forms may be considered eguivalent to the unselvated forms for the purposes of the
present inventon.

“Therapeutically effective amount” relates to the amount or dose of an active compound
of the Formuda L I, T, IV, or V or composition comprising the same, that will lead to ope or
more desired effects, in particular, one or more therapeutic effects, roore particularly beneficial
effects. A therspsulically effective amount of a substance can vary scoording to factors such as
the discase state, age, seX, and weight of the subject, and the ability of the substance to elicit 2
desired response in the subject. A dosage regimen may be adjusted to provide the optimum

therapentic response {e.g. sustained beneficial effects). For exnmple, several divided doses may
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be administered daily or the dose may be proportionally reduced as indicated by the exigencies

of the therapeutic situation.

As used herein, the ferm “pure™ in general roeans belter than 85% pwse, and
“suhstantially pure” means a compound synthesized such that the compound, as made or ag
available for consideration into 8 composition or therapeutic dosage deseribed herein, has only
those impurities that can not readily nor ressonably be removed by conventions! purificstion
PIOCESSEs.

The term "derivative” of a compound, as wed hereln, refers to a chemically modified
compound wherein the chernical modification takes place sither &t a functional group of the
compound or op the arompatic ring, Nop-Hmiting exaroples of desivatives of compounds of the
Fomwla L IL I, IV, v V {o.g, pyridavine derivatives of the present invention} may include
Neacetyl, Nemethyl, Nohydroxy groups & any of the available nitragens in the compound.

A “polymer” refers to molecules comprising two or xoore roopomer subunits thet may be
identical repeating subunits or different repesting subunits. & monomer generally comprises a
sirople strocture, low-molecular weight molecule containing carbon, Polymers may optionally
be substitnted, Polymers that can be used in the present invemtion include withowt Hmitation
vinyl, ascryl, styrens, carbobydrsie dedved polymers, polvethylene glyeol (PEG),
polyoxyethylens, polymethylene glycol, poly-trimethylene glveols, polyvinylpyrolidone,
polyoxyethyvlene-polvoxypropylene block polvmers, snd copolymers, salts, and derivatives
thereof. In aspects of the invention, the polymer s poly(@-acrylamide-Z-methyll-
propancsuifonic  acid), poly(R-acrylamido-Z-methyl,-I-propanesalfonic  acid-coacrylonttiile,
poly(Z-acrylsmido-2-methyl-1-propanesulfopic  acid-co-styrene), poly{vinylsulfonic acid);
poly(sodivm 4-styrenesulfondc scid); and sulfates and sulfonates derived therefrory; poly{scrylic
acid}, polv{methylacrylate), poly{methyl methacrylate), and poly(vinyl aleohol).

A “sarbohydrate” ax used herein refers (o a polyhydeoxyaldehyde, or polvhydroxyketone
and derivatives thereod, The ferm includes monossccharides such ag erythrose, arabinose, allose,
alirose, glucose, mannose, threose, xylose, gulose, idose, galactose, talose, aldohexose, fructose,
ketohexose, rbose, and sldopentose. The term slse inchudes cathohydrates composed of
monogaccharide units, inchuding disaccharides, oligosaccharides, or polysaccharides. Examples
of disaccharidss sre sucross, lactoss, and maltose. Oligosaccharides generally contain betwesn 3
and ¥ monosaccharide units and polysaccharides contain greater then 10 monesaccharide units.
A carhohydrate group may be substitaied at one two, three or fowr positions, other than the
position of linkage to a compound of the Formula I I, HI, IV, o V. For example, a

carhohydrate may be substituted with one or more alkyl, amino, nitre, halo, thiol, carboxyl, or



2016203312 20 May 2016

16

23

19
hydroxyl groups, which are optionally substituted. Wusivative substituted carbobydrates ace

glucosmmine, or galactosamine, In aspeots of the invention, the carbohydrate is a sugar, in
particudar @ hexose or pentose and may be an aldose or & ketose. A sugar may be a member of
the I3 or L series and can include amino sugars, deoxy sugars, and their uronic acid dexivatives.
In embodiments of the invention where the carbohydrate is 8 hexose, the hexose i glucose,
galactose, or mannose, or substituted hexose sugsr residues such g8 an smino sugar residus such
g5 hexosamine, galactosamine, glocosamine, in particular D-glucossmine (2-anine-2-doexy-D-
ghioose} or D-galactosamine (2-amino-2-deoxy-D-galactose). Nlustrative pentose sugars include
srabinose, fucoss, and rhoss.

A sugar residue may be linked to a compound of the Formula L L L W, v Viom a
1,1 Haokage, 1.2 linksge, 1,4 linkage, 1.5 lnkage, or 1,6 Unkage. A linkage moay be via an
oxygen atom of a compound of the Formula { I, T, TV, or V. An oxygen alom can be replaced
one or yore times by -CHy- or -8+ groups.

The term “carbohydrate” alse includes glycoproteing such as lecting (e.g. concanavalin
A, wheat germ agghutinin, peanuiagglutinin, ssromucoid, snd orosemucotd) sud glycolipids
such as cerebroside and ganglioside,

A “peptide” carder for use in the practive of the present invention mcludes one, two,
three, four, or five or more amine acids covalently linked through a peptide bond. A peptide can
comprise one or move naturally ocourning amine acids, and analogs, derivatives, and congeners
thereof. A peptide can be modified to incesase its stability, bioavailability, solubility, si.
"Peptide anslogue” and “peptide derivative” as used herein include melecules which mimic the
chemical structure of a peptide and retain the functional properties of the peptide. A carrier for
wse in the present invention can be an amino scid such a8 alanine, glycine, poline, methionine,
serine, threopine, histidine, ssparagine, alsayl-alanyl, prolylwoethionyl, or glyeylgiyeyl A
carrier can be a polypoptide such ss slbwmin, antitvypsin, macrogiobulin, haptoglobm,
caerwdoplasm, transferdag, - or B- Hpoprotein, §- ory- globudin or fibeinogen.

Approaches to designing peptide analogues, derivatives and mimetics are known in the
arl. For example, sce Parmer, P. 8. in Drug Design (B, 1. Asiens, o) Academic Pregs, New
York, 1980, vol. 10, pp. 119-143; Ball. 1 B, snd Alewood, P, F. (1850} J Mol Recognition
3:55; Morgsn, B. A, and Gainor, 1. A, (1989 Ann. Rep. Med. Chem, 24:243; and Freidinger, R.
M. (1989} Trends Phammacol. Sci, 10:278. See also Sswyer, T, K. (1895) "Peptidomimetic
Design and Chemical Approaches to Peptide Metabolens” in Taylor, M. D, and Amidon, G. L.
{eds.} Peptide-Based Drug Design: Contredling Transport and Metsbolism, Chapter 17, Smith,
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ACB, Zrd, et sl (1995) 1 Am. Chom, Soo. 117:11113-11123; Smith, 4. B. 3ud, ot al. {1994} 1.

Am. Chem. Soc 116:9947-9963; and Himschman, R, et al (1993 J A Chem. Soc
115:12550-12568.

A peptide can be attached to & cornpound of the Forpmala §, I, T, IV, or ¥V through a
fonctional group on the side chain of certein amino acids {e.g. serine} or other suitable
functional groups. A cardder may comprise four or more amino scids with groups attached to
three or more of the amino scids through fonctions! groups on side chains. In an aspect, the
carrfer is one amino acid, in psrticular a sudfonate derdvative of an amino acid, for exsmple
cysteio geid.

The term “alky?”, cither alone or within other texms such as "thicalkyd” and “arvialkyl”,
means z monovalent, satursted hydrocarhon radical which may be a siraight chain (e, liness) or
g hranched chatn. An allyl radical for use in the present invention generally comprises from
shont 1 to 20 carbon atoms, particularly from about 1 to 10, 1 to 8 or 1 to 7, more particulardy
ghout 1 to 6 carbon atoms, or 3 1o & Hustrative alkyl radicals include methyl, sthyl, n-propyl, n-
butyl, npentyl, n-hexyl, isopropyl, isobutyl, isopentyl, amyl, sec-butyl, fert-butyl, tert-pentyl, n-
heptyl, n-octyl, n-nonyl, n-decyl, undecyl, n-dodeeyl, n-tetradecyl, pentadecyl, n-hexadseyl,
heptadecyl, p-octadecyl, nonadecyl, eicosyl, dosyl, s-tetracosyl, and the like, slong with
branched variations thereof. In certain aspects of the invention an alkyl radical is a GGy fower
alkyl comprising or selected from the group consisting of meethyl, sthyl, n-propyl, n-butyl, n-
pentyl, n-hexyl, isopropyl, isobutyl, isopentyl, amyl, tributyl, sec-butyl, tertbutyl, tent-pentyl,
and n-hexyl An ally! radics! msy be optionally substituted with substituents 2s defined herein
at positions that do not significantly interfere with the preparation of compounds of the Formuda
1,4, 05 IV, or V and do not significantly reduce the efficacy of the compounds. In ceifain
aspects of the invertion, an slky! radical is substituted with one to five substitvents including
halo, lower alkoxy, lower aliphatic, a substituted lower aliphatic, hydroxy, cyano, nitrg, thio,
mﬁins, keto, aldshyde, ester, amide, substituted wdne, carboxyl, sulfonyl, sulfinyl, sulfenyl,
sulfate, sulfoxide, substituted carboxyl, halogenated lower alkyl (e.g. CFs), halogenated lower
alkoxy, hydroxyowbonyl, lower slkoxyearbonyl, lower  alkylcarbonyloxy, lower
alkylearbonylaeine, cycloaliphstic, substituted cycloaliphetie, or aryl {e.g., phenyimethyl (L.
beneyl)). Substituent on an alky! group may themselves be substituted,

As used herein in respect to cerlain aspects of the invention, the term "substituted
aliphatic” refers to su alkyl or an alksne possesaing less than 10 cathons where at least one of the
aliphatic hydrogon ators has been replaced by a halogen, an amino, a hydroxy, & nitwo, a thio, &

ketone, sn aldehyde, an ester, an amide, a lower aliphatic, a substituted Jower aliphatic, or a dng
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{arvl, substiiuted aryl, cycloaliphatic, or subiémmﬁ cyclosliphatic, ete). Examples of such
groups inchude, but are not Himdted to, L-chiorosthyl and the like.

As used herein in respest o certain sspects of the invention, the tomm "lower-aliyl-
substituted-amino” refers to any alkyl unit containing up to and including eight carbon atoms
where one of the aliphatic hydrogen stoms is replaced by an anduo group. Examples of such
inclnde, but are not Hmited o, ethylaming and the ke,

As used herein in respect to certain aspects of the invention, the tenn “lower-alkyl-
substituted-halogen” refers to any alkyl chain conthining vp t© and including eight carbon atoms
whese ane of the aliphatic hydrogen atoms is replaced by a halogen. Bxamples of such inclade,
but are not Hmdted to, chlorsthy! and the Bke.

As used hersin, the torm "acetylamine” shall mean any primery or secondary amino that i
acetylated, Examples of such include, but ave not Himited to, acetamide and the fike.

As used hersin the term “alkenyl" refers to an unsatursted, scyclic brapched or straight-
chain hydrocarbon radical comprising at least one double bond, An alkenyl radical may contain
from about 2 to 10 carbon stoms, in parficular from abowt 3 to 8 carbon atoms and more
particulardy sbout 3 w0 6 carbon atoms. Suilsble alkenyl radicals include without Hmitation
ethenyl, propenyl (a.g., prop-l-en-1-y, prop-l-en-2-31, prop-2-en-1-yl {allyl), prop-2-en-2-y1},
buten-1-vl, but-1-en-2-¥1, 2-methyl-prop-1-en-1-¥], but-Z-en-1-yl, but-Z-en-1-yl, but-Z-en-2-¥l,
buta-l 3-den-1-91, bute-13-dlen-2-91, hexen-1-yl, 3hydroxyhexen-I-yl, heplen-i-¥l, and
octen-1-y1, and the like. An alkenyl radical may be optionally substituted simitar to alkyl.

As used herein, the term "slkyny!™ refers to an unssturated, branched or stvaight-chain
hydrocarbon medical comprising one or more triple bonds. An alkynyl radical ruay contain about
1to 20, 1o 1S, or 2-10 carbon astoms, particularly abowt 3 to § carbon stoms and more
particularly abowt 3 to 6 carbon atoms. Suitable alkynyl redicals include without lmitation
cthynyl, such as prop-i-yo-1-yl, prop-2-yn-1-yl, butynyls such as but-l-yo-L-yd, but-1-yu-3-yl,
but-3-yn-1-vl, pentyayls such s pentyn-l-yl, pentyn-Ryl,  4methoxypentyn-3-vl, 3-
methylbutyn-1-v1, hexyoyis such as hexyn-1-vl, hexyn-2-¥1, hexyn-3-41, and 3 3-dimethylbutyn-
1-y] radicals and the like. An alkenyl may be optionally substituted similar to alkyl. The term
*oycloatkynyl” refers to eyclic alkynyl groups,

As uged herein the term “alkyvlene” refers to a linesy or branched radical having from
sbout 1 to 10 carbon atoms and baving attachment peints for two or more covalent bonds.
Fxamples of such radicals are methylene, sthylene, propylene, butylene, pentylene, hexylene,

sthylidene, methylethylene, and isopropylidene. When an sikenylene radical i3 present as a
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substituent on snother radicsl it is typically considersd to be & single substituent rather than &

radica! formed by two substituents,

As used herein the tenm "alkenylens” refers to a linear or branched radical having from
about 2 to 10 carbon stomos, ot least one double bond, and having attachment points for two or
more covalent bonds. Examples of alkenylene radicals include 1,1-vinylidene (-CHu=Cr), 1,2
vinylidene (-CH=CH-), and {,4-butadieny! (CH=CH-CR=CH-).

As used herein the term “halo” refers 0 a halogen such as fluorine, chlorine, bromine or
inding atoms.

As used herein the term "hydroxyl” or “hydroxy” refers to an -OH group.

As used herein the term "cyano® refers to s carbon radivsl having three of four covalent
bonds shared by a nitrogen atom, o partionlar -C=lN. A cyano group may be substituted with
substituents described hergin.

As used herein the term “alkoxy” refers to a lincar or branched oxy-containing radical
having an alky] portion of one 10 about ten carbon storme, such as a methoxy radical, which may
be substituted. In aspects of the invention an atkoxy radics! may comprise about 110, 1-8 or 146
carbon atoms. In embodiments of the invention, an alkexy radical comprises about 1-6 carbon
atems and includes 2 Cp-Cy alkyl-O-radical wherein Cp-Cg alkyl has the meaning set out herein,
Examples of alkoxy radicals include withowt Hemitation methoxy, sthogy, propoxy, butoxy,
isopropoxy and tert-butoxy alkyls. An "alkoxy" radical may opticnally be substituted with one
or maore substitutents disclosed herein including allcyl atoms to provide “alkylalkoxy” radicals;
halo atoros, such as fluoro, chloro or bromo, to provide “haloalkoxy” radicals (e.g.
fluoromethoxy,  chloromethoxy,  wifluoromethoxy,  diflucromethoxy, tifluorosthoxy,
fluorosthory, tetrafluorcethoxy, pentafluoroethoxy, and fluoropropox) and "haloatkoxyalkyl”
radicals  (e.g.  fluoromethoxymethyl,  chloromsthoxvethyl, trifluoromethoxymethyl,
diffuoromethoxysthyl, and tiflucrosthoxymethyl}. _

As used herein the term “alkenyloxy” refers to linear or branched oxy-containing
radicals having an atkenyl portion of showt 2 to 10 ten carbon atoms, such 2s an cthenyloxy or
propenyioxy radical. An alkenyloxy radical may be a "lower alkenyloxy® radical having shout 2
te 6 carbon atoms. Examples of alkenyloxy radicals include without Hmitstion ethenyloxy,
propenylory, bulenyloxy, and isopropenylexy alkyls. An "alkenvioxy" radical may be
substituted with one or more substitutents disclosed herein including halo atorus, such as fluors,

chloro  or bromo, to povide “haloakenyloxy” radicals {e.8.

flucrosthenyloxy, diffluercethenyhloxy, and flsoropropenyioxy).
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A “zarbocylic” includes radicals dexived from a saturated or unataturated, substittted or

unsubstituted 5 to 14 member organic sucleus whose ring forming atoms (other than hydrogen)
are solely carbon. Examples of carbooyclic radicals are cycloalkyl, oycloslkenyl, wryl, in
patticular phenyl, nephthyl, norbomanyl, bicycloheptadienyl, twhilyl, xylenyl, indenyl,
stilbenyl, terphenyviyl, diphenyiethylenyl, phenyleyciohexyl, acenapththylenyl, anthracenyl,
hiphenyl, bibenzylyl, and rolated bibenzylyl homologs, octahydronaphthyl, teteshydronaphtiyl,
octahydroguinolinyl, dmethoxyietrahydronsphihyl and the Hke.

As used herein, the term "eycloalkyl” refers to radicals having from sbowt 3 to 15 carbon
atoros and containing one, two, three, or four rings wherein such rings may be attached n 2

pendant manner or may be fused, in partionlar cyclopropyl, eyclobutyl, cvelopentyl, eyclohexyl,
ovcloheptyl, cycloootyl, eyclononyl, adamanty], and the Hke. In cerigin aspects of the invention
the cycloalkyl radicals are "lower cycloaliyl” radicals having from about 3 to 8 carbon atoms, in
particular cyclopropyl, ovelobutyl, cyclopentyl, cyclohexyl and cycloheptyl. In some aspects of
the invention the term “oycloalkyl” embraces radicals where cycloalkyl radicals are fused with
aryl radicals or heterocyelyl radicals. A cycloalkyl radical may be optionally substituted with
groups as disclosed hevein,

As used herein in respeet 1o certain aspects of the invention, the e "cycloaliphatic”™
refers 1o a oycloslkane possessing less than 8 carbons or a fused ring system consisting of no
more than theee fused oyclosliphatic rings. Bxamples of such include, but are not limited to,
decslin and the like,

As used herein in respect to ceortaln aspects of the invention, the term "substituted
cycloaliphatic” refers to & oyclosliene possessing less than 8 carbons or & fused ring system
comsisting of no more than three fused tings, and where at least ane of the aliphatic hydrogen
atoms has been replaced by a halogen, 2 nifro, 2 thio, an amino, s hydeoxy, a ketone, an
aldehyde, an ester, an amide, a lower aliphatic, & substituted Jower aliphatic, or a tiag (aryl,
substituted aryl, cycloaliphatic, or substituted cycloaliphatic}. Examples of such include, but
are not Hmited to, 1-chlorodecalvl and the like.

A used herein, the term "oycloalkenyl” refors to radicals comprising about 2 to 15 carbon
atoms, one or mare carbon-carbon double bonds, and one, twy, thres, or four rings wherein such

vings may be attached in & pendant mannsr or mey be fused. In cerlain aspects of the invention
the cycloalkenyl radicads are "lower oycloalkenyl” radicals having throe to seven carbon aioms.
Examples of cycloalkenyl radicals include without limitaion cyclobutenyl, cyclopemenyl,

cyclohexenyl and cycloheptenyl. A cycloalkenyl radical may be optionslly substitmted with
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groups as disclosed hercin, in particular 1, 2, or 3 substituents which may be the same or

different.

As used hereln the term "eyeloatkoxy” refers to eyclosiiyl radicals attached fo an oxy
radical. Examples of oycloalkoxy radicals include cyclohexoxy and cyclopemtoxy. A
cycloalkoxy radical may be optionally substituted with groups as disclosed herein.

Ag used herein, the term "gryl”, slone or in combination, refers to a carboeyelic aromatic
system containing one, twe or three rings wherein such rings may be attached together in a
pendant manner or may be fosed. The term "fused” means that a second dng is present (Le
attached or formed) by having two adjacent atoms in comunon or shaved with the first ting.
Tustrative "aryl” radicals includes without Hmitation aromatic radicals such as phenyl, benzyi,
naphthyl, indenyl, benzocyolooctenyl, benzecycloheptenyl,  pentalenyl, asulenyd,
tetrahydronaphthvl, indanyl, biphenyl, scephthylenyl, Huorenyl, phenslenyl, phenanthwenyl, and
anthracenyl. An aryl radical may be optionally subsitituted with groups as disclosed henein, in
particular hydroxyl, alkyl, carbonyl, carboxyl, thiol, amino, asdfor hale, in particular &
substituted aryl includes withowt Hmdtation acylamine and arvisliyamine. 3

As used herein in respect to certain aspects of the invention, the torm "substituted aryl”
refars to sn womstic fing, or used sromstic ring system consisting of no more than three fused
rings af least one of which is aromatic, and where at least one of the hydrogen stoms on 4 ting
carhon has besn replaced by a halogen, an amine, a hydroxy, 2 nitre, & thio, an alkyl, a ketone,

an aldehyde, an estor, an amide, 8 lower aliphatic, g substituted lower aliphatic, or 8 ring (aryl,
substituted sryl, oycloaliphatio, or substituted cycloaliphatic), Bxamples of such include, bt
are mot Hnwted to, hydroxyphenyd, chlaropheny! and the bke.

As used herain, the term “aryloxy” refers to aryl radicals, as defined above, attached to
an  oxygen atom. FHxemplary arvioxy groups inclode napthyloxy, quinolyloxy,
ispguinolizinyioxy, and the Hke.

As used herein the term arvialkoxy,” refers to an aryl group attached to an alkoxy
group. Representative examples of arylslkoxy include, but are not Hmited to, 2-phenylethoxy, 3-
naphih-2-vipropoxy, and S-phenyipentyloxy.

As used herein, the term "aroy?” rofers o aryl radicals, as defined above, altached 0 a
carbonyl radical as defined herein, inchuding without lirmitation benzoyl and toluoyl. An aroyl
radical roay be optionslly substituted with groups as disclosed herein.

As used herein the term “hetercaryl” refers to fully unsaturated hetercatom-containing
ring-shaped aromatic radicels having at least one heteroatom selected from carbon, nitrogen,

sulfur and oxygen. A hetercaryl radical may contain one, two or three nings and the rings may
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be attsched in a pendant moanner or may be fused. Examples of “heteroaryl” radicals, include

without Hmitation, an unsaturated 5 lo 6 membered heteromonocyelyl group contstning 1 to 4
nitrogen atows, in particular, pyerolyl, pysrolingd, imidazelyl, pyrezolyl, S-pyridyl, 3-pyridyl, 4
pyridyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridasinyl, tiazolyl, tetrazolyl and the Hke; an
pnsaturated condensed heterocyelic group containing 1 to § nitrogen stoms, in pacticular
indolyl, iscindoly], indoliziny, indazolyl, quinazolinyl, pteridinyl, gquinolizidinyl, phihalazinyl,
naphtbyridinyl, guinoxaliny, cinnolinyl, phenanthridinyl, acridinyl, phenantivolinyl,
phenazinyl, carbazolyl, purinyl, benzimidazelyl, quinolyl, isoguinolyl, quinolinyl, isoguinolinyl,
indazclyl, benzotriazolyl, tetrazolopyridaziny! and the liks; an vosaturated 3 to G-membered
heteromonocyclic group containing an oxygen atom, in partionfar, 2-funyl, 3-furyl, pyranyl, and
the like: an unsaturated 3 to G-membered heteromonoeyelic group containing 2 sulfur atom, in
particular, thienyl, 2-thienyl, 3-thienyl, end the like; unpsatursted § 1o S-membered
heteromonoeychic group containing 1 to 2 oxygen stoms and 1 to 3 nitrogen atoms, in particudar,
furazanyl, benzofurazanyl, oxazolyl, isoxazolyl, snd oxsdizzolyl; an unsaturated condensed
heterpcycle group containing 1 to 2 oxvgen stoms and I to 3 nirogen astoms, in particular
benzoxazolvl, benzoxadiazolyl and the like; an unsaturated 5 to S-membered heteromonocyclic
group containing 1 to 2 sulfor atoms and 1 to 3 nitrogen stoms, for example, thiazolyl,
izothiazolyl, thiadigzoly! and the like; an onsaturated condensed heterocyclic group containing |
to 2 sulfur stoms and 1 to 3 nitrogen atoms such as benzothiazalyl, benzothiadiazolyl and the
Hke. The term also includes radicals where heterccyelic radicals are fused with aryl radicals, in
particular bicyclic radicals such as benzofursnyl, benzothiophenyl, phithalazinyl, chromenyl,
xanthenyl, and the like. A heteroaryl radical may be optionally substituted with groups as
disclosed hersin, for example with an alkyl, anvne, hslogen, et i particular o
heteroarylamins.

The term “heterocyolic” refors to saturated and partislly satursted heteroston-containing
ving-shaped radicals having at least one heterostom selected from carbon, nitrogen, sulfar and
oxygen, A heterooylic radical may contain one, two or three rings wherein such rings may be
attached in & pendant manner or may be fused. Examplary saturated heterocyclic radicals
include without Hpitiation & saturated 3 to G-membered heteromonocylic group containing 1 o
4 nitrogen afoms fe.g. pyrrolidingd, imddazolidingd, piperidinyl. and piperazinyll; & satursted 3 to
S-membered heteromonocyclic group containing 1 to 2 oxygen stoms and 1 to 3 nitrogen atoms
{e.g. morpholinyl; sydaonyll and, a saturated 3 two S-membersd heleromonocyclic group
containing 1 to 2 sulfiwr atomns and 1 to 3 sitrogen atoms [e.g., hiazelidinyl] sic. Examples of

partially saturated heterooyclyl radicals include without limitation dihydrothiophene,
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dihydropyranyl, dibydvofuranyl and dihydrothiazolyl. Hustrative heterocyelic radicals inclade

without limitation aziridinyl, azetidinyl, 2-pyrrolingl, 3-pyrroliny, pyrrolidingd, azepiny, 1,3-
dioxolanyl, 2H-pyranyl, 4H-pyranyl, piperidinyl, 1,4-dioxanyl, morpholinyl, pyrazolinyl, 1.4-
dithianyl, thiomorpholinyl, 1,2,3,6-tetrahydropyridinyl, oxiranyl, oxetanyl, tolrabydrofuranyl,
teteahydropyranyl, tetrahydropyriding], tetrahydrothiopyranyl, thioxanyl, indolinyl, 2H-pyranyl,
dtlpyranyl,  dioxamyl, 13-dioxolanyl, pyrazoliny, dihydropyranyl,  dihydrothieny],
dibydroforanyl, pyrazolidingl, imidezoliny, imidazolidiny, 3H-indolyl, guinucliding,
guincliziovl, and the liks.

At used hereln in respect to cerlgin aspects of the invention, the lerm “heterocyalic”
refers to 2 cycloalkane andfor an aryl ring system, possessing less than 8 carbong, or a fused
ring system consisting of no mere than three fused rings, where at legst one of the ring carbon
atoms 15 replaced by oxygen, nitrogen or sulfor, Bxamples of soch include, but are not lmited
o, morpholing and the hike.

As used herein in respeet o cerlgin sspects of the invention, the tenn "substituted
heterocyelic” refers to & cycloalkane sndfor an aryl ring system, possessing less than § carbons,
or a fused ring system consisting of no more than theee fused rings, where at least oue of the
rning carbon atoms is replaced by oxvgen, nittogen or sulfur, snd where at least one of the
aliphatic hydrogen atoms has been replaced by 2 hslogen, hydroxy, s thio, nitro, an amine, 8
ketone, an aldehyde, an ester, an sruide, a lower aliphatic, & substituted lower aliphatic, or a
ring {aryl, substituted aryl, cycloaliphatic, or substituted cycloaliphatic). BExamples of such
inchuds, but sre not Hmited to 2-chloropyranyl,

The foregoing heteroaryl and heterocyolic groups may be C-sttached or N-attached

{where such is possible).

As used herein the ferm "sulfonyl™, used alone or lnked to other terms such as
alicylsulfonyl or arylenifonyl, refers to the divalent radicsls SOy, In aspects of the invention a
suifenyl group, the sulfonyl group may be attached to 3 substiinted or unsubstituted hydroxyl,
atkyl group, ether group, alkenyl group, alkynyl group, aryl group, cycloalkyl group,
eycloalkenyl group, cycloalkyny! group, heterocyclic group, carbohiydrate, peptide, or peptide
derivative,

The term "sulfinyl”, used alone or linked to other torms such as alkyisulfingd (e SO}
alkyl) or arylsulfinyl, refers to the divalent radicals -8(0)-.

As vsed herein he term "smoino”, alone or in combination, refers to a radical where 2
nitrogen atom (N} is bonded to three substituents being any combination of hydrogen, hydroxyi,

atleyl, cycloatkyl, alkenyl, alkynyl, sryl, silyl, hetercovelic, or heteroaryl with the general
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chemical formula ~NRYR? where R* and R™ can be any combination of hydrogen, hydroxyl,

allevl, cveloalkyl, alkoxy, alkenyl, alkynyl, aryl, carbonyl carboxyl, amine, silyl, heteroaryl, or
heterocyelic which may or may not be substituted. Optionally one substituent on the nitrogen
atom may be a hydroxy! group (-OH) o provide an amine known as a hydroxylamine.
Tustrative examples of amine groups are amino (-NHp), alkylamine, acylamine, cycloamine,
acycloalkylamsine, arylamine, arylalkvlamine, and lower alkylsilylamino, in particular
methylanine, ethylamine, dimethylamdne, 2-propylamine, butylamino, iscbutylamdno,
cyclopropylaming, benzvismine, zﬁiyiamine;, hydroxylamino, cyclohexylamine, piperidinyl,
hydrazinyl, benzylaming, diphenylmethylamine, tritylamino, timethylsilylarnine, snd dimethyh-
tert.-butylsilylamine, which may or may not be substituted.

As used herein the term “thiol” means ~SH. A thiol may be substitiied with a substituent
disclosed herein, in particular alkyl (oalkyD), arvl {thioaryl), alkoxy (ioalkexy) or carboxyl,

The term “sulfenyl” used alone or linked to other terms such as alkylsulfenyl, rofers o
the radical ~SR? wherein R is not hydrogen. In sspects of the invention R™ is substituted or
unsubstinated alkevl, ovecloalkyl, alkenyl, alkynyl, sryl, silyl, silylalkyl, beteracyelic, heteroaryl,
carhonyl, carbamoyl, alkoxy, or carboxyl.

As used hererin, the term “thicalkyl", alone or in combingtion, refers t0 a chomioal
functional group where a sulfor atom (S) is bonded to an alkyl, which may be substitmed,
Examples of thicalkyl groups are thiomethyl, thioethyl, and thiopropyl. A thicalkyl roay be
substituted with a substitated or unsubstitute carboxyl, aryl, heterocylic, carbonyl, or
heterocychs.

A thiol may be substituted with 2 substituted or unsubstituted heteroary! or heterovyclic,
in particular 2 substitnied or unsubstituted saturated 3 o &-membered heleromonooylic group
containing 1 to 4 nittogen atoms [e.g. pyrrolidingl, imidazolidinyl, piperidinyl, and piperazinyl]
or a saturated 3 to S-membered hetercmonocyclic group containdng 1 to 2 oxygen atoms and 1
to 3 nilrogen atoms [e.g morpholinyl; sydnonyl], especially 2 substituied morpholinyl or
piperidinyl.

As used hersin the term “thioanyl®, alone or In combination, refers to g chemical
functicnal group where a sulfur atom (8} is bonded to an acyl group with the general chemicsl
formula ~SR® where B® ix ary] which may be substituted, Hiustrative examples of thicany]
groups aud substituted thicaryl groups are thiophenyl, chlorothiophenyl, para-chlorothiophenyl,
thiobenzyl, 4-methoxy-thiophenyl, 4-nitro-thiophenyl, and para-nitrothiobenzyl.

As used herein the term “thicalkoxy", slone or in combination, refers to & chomical

functional group where a sulfur atom (8} is bonded to an alkexy group with the genersl
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chemical formula ~3R% where R is an alkoxy group which may be substitated, A “thicalkoxy
group” may have 1-6 carbon stoms L.e. a -S-{03C-Cs alkyl group whersin C; -Gy allkyl have the
meaning a8 defined sbove. Musivative examples of a straight or branched thivalkoxy group or
radical having from 1 t© & carbon stome, also known as 8 € -G thioalkoxy, include
thiomethoxy and thicethoxy.

As used herein, the term "carbonyl” refers to a carbon radical having two of the four
covalent bonds shared with an oxygen aton.

As used hererin, the ferm “carboxyl”, slone or in combination, refers o @{Q}QR”& oF =~
Cl=OR™ whersin R™ is hydrogen, alkyl, alkenyl, slkynyl, cycloalkyl, cyclosikenyl, aming,
thiol, aryl, heteroaryl, thivalkyl, tucaryl, Sdoatkoxy, & heteroaryd, or & beterooyelic, which may
optionally be substituted. Examples of carboxyl groups are methoxycarbonyl, butoxyearbonyl,
tert.alkoxyearbonyl such as fert.butomyearbonyl, arvimethyoxyearbonyl having one or two aryl
radicals including withount limitation phenyl optionally substituted by for example lower alkyl,
lower  alkoxy, Thydroxyl, halo, andfor nitto, such  as  benzvioxycarhonyl,
methoxyhenxyloxycarbonyl,  diphenyvimethoxycarbonyl, 2-bromosthoxyearbonyl, 2-
indosthoxyearbonyltert butyloatbonyl, 4-nitrobenzyloxyearbonyl, ~diphenyimethoxy-carhonyl,
benshydroxyearbonyl, di-(d-methoxyphenyl-methoxyearbonyl, Z-bromocthoxyearbonyl, 2-
indosthoxyearbonyl,  2-timethylsilylethoxyearbonyl, o Z-triphenylsilylethoxyoarbonyl.
Additional carboxyl groups in esterified form are stiyvioxyearbonyl groops including organic
silyloxycarbonyl. In aspects of the invention, the carboxyl grovp may be an alkoxy carbonyl, in
particular methoxy carbonyl, ethoxy carbonyl, isopropoxy carbonyl, tbutoxycarbonyl, ¢
pentyloxycarbonyl, or heptyloxy carbonyl, especially methoxy carbonyl or ethoxy carbonyl.

As used hersin, the temm "carbamoyl”, alene or in combination, refers o aming,
monoalkyleming,  dialkviaming, monocycloslkylaming,  alkyloycloalkylamino,  and
dicycloallylamino radicals, attached to one of two unshared bonds in 2 carbonyl group.

As psed hereln, the term “carboxamide” refers o the group ~UONH-,

As used herein, the term “aitro” means ~N0y-.

Az used hewsin, the i "acvl”, slome or in combination, means a cwbonyl wr
thiocarbonyl group bunded to a radical selected from, for example, optionally substituled,
hydrdo, alkyl (e.g haloatkyl), alkenyl, alkynyl, alkoxy (“scyloxy” including scetyloxy,
bulyvevioxy, iso-valervioxy, phenviacetvioxy, benzoyioxy, p-methoxybenzoyloxy, and
substituted acvioxy such as alkoxyalkyl and haloalkoxy), aryl, halo, heterooyelyl, heteroaryl,
sulfinyl (e.g. alkylselfimylaikyl), sulfonyl (e.g alkyisulfonylalkyl), cycloalkyl, eycloalkenyl,

thicalkyl, thicaryl, amine (e.g alkylamino or dialkylaming, and aralkoxy. Blustrative examples
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of "aoyl” radicals are formyl, scetyl, 2-chloroscetyl, Z-bromacetyl, benzoyl, irifluoroacetyl,

phthadoyl, malonyl, nicotiny], and the Hke.

As used herein, “wreido” refers o the group “-NHUONH-". A weido radical includes an
alkylureido comprising a ureido substituted with an alkyl, in particular s lower alkyl attached to
the terminal nitrogen of the ureide group. Examples of an alkylureido include without limitation
N'-methylureido, N -ethylureido, N -n-propylureido, N -i-propylureido and the like. A urcido
radical also includes & W' N'-dialkylureido group containing a radicsl -NHOON where the
termingl nitrogen is abtached io two optionslly substosted radicals including alkyl, aryl
heterpeylic, and heteroaryl,

The torms vsed herein for radicals including “alkyl”. “alkoxy”, “akenyl”, “alkynyl”,
“hydroxyl” ete. tefer to both vnsubstituted and substituted radicals. The teom “substituted,” as
used hersin, means that any one or more molety on a designated atom {e.g. hydrogen) is
replaced with & selection from & grovp disclosed herein, provided that the designated atom’s
pormal valency is not exceeded, and that the substitution resulis in a stable compound
Combinations of substituents andfor radicals are perodssible only if such combinstions result in
stable compounds. “Sigble compound” refers to & compound that is sufficlently robust to
suevive jsolation to a useful degree of purity from a reaction mixture, and formulation into an
gfficacions therapsutic agenl.

A radicd] in a compound of the Formula I, I, 0L, IV, or V may be substituted with one
or more substituents apparent to & person skilled in the art including without Hmitation alkyl,
alkoxy, alkenyl, alkynyl, alkanovl, alkylene, alkenylene, hydroxyalkyl, haloalkyl, haloatiylens,
haloalkenyl, alkoxy, slkenyioxy, alkenyloxyalkyl, alkoxyalkyl, aryl, alkylaryl, haloslkoxy,
haloalkenvioxy, heterocyelic, hetercaryl, sulfouyl, alkylsulfonyl, sulfinyl, sulfonyl, sulfenyl,
allevisulfing], aralkyl, heterosralkyl, eycloatkyl, eycloalkenyl, cycloatkoxy, cycloalkenyloxy,
amine, oxy, halo, azido, thio, =0, =8, cyano, hydroxyl, phosphonato, phosphinate, thicalkyl,
alkylamino, srylamino, ervisulfonyl, alkyloarbonyl, wrylembonyl, heterosryloarbonyl,
hetoroarvisulfinyl, heterosrylsulfony, hetercarylamino, heterosryloxy, hetercaryioxylaliel,
arvlacetamidoyl, aryioxy, woyl, wrslkanoyl, ersthoxy, aryloxyallyl, haloaryloxyalkyl,
heteroaroyl, hetercaralkanoyl, heteroaralkoxy, hetercasalkoxyalkcyl, thiosryl, aryithioslkyl,
alkoxvalkyl, and acyl groups. These substitutents may themselves be substituted.

A chemica! substituent is “"pendant” frown a radical if it is bound fo an atom of the
radical, In this context, the substituent can be pending from a carbow atom of & radical, & carbon
atom connected 0 2 carbon atom of the radical by a chain extendsr, or 8 heterostom of the

radical,
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A “disease” that can be treated andior provented using a compound, composition, or

method of the invention includes a condition associsted with or requiring modulation of one oo
more of inflampnation (e.g. newroinflammation), signaling pathways involved in inflanunation
{e.g., sewroinflammation), cell signaling molecide producton, activation of ghia or ghial
activation pathways and responses, proinflaramatery cytokines or chemolkines {e.g., interleniin
(L} or mor pecresis factor (TNF), oxidative stress-related waponses such as nitnic oxide
synthase production and nitvic oxide sccumulation, acute phase proteins, components of the
comploment cascade, protein kinase activity (e.g., death associsted protein kinase {DAPK)
activity), cell damage (e.g., nevronal cell daraage), and cell death {e.g., neuronal coll desth). In
particular a disease is a dementing disorder, & newrodegenerative disorder, a CNS demyelinating
disorder, an swtoimmune disorder, or & peripheral inflammatory disease.

A diseage may be charscterized by an inflammatory process due to the presence of
macrophages activated by an amyloidogenic protein or peptide. Thus, 3 method of the invention
may involve inhibitiog macrophage sctivation andior inhibiting an inflammatory process. A
methed may comprise decreasing, slowing, amelioraling, or reversing the course or degree of
macrophage invasion or inflammation in 2 patient.

Examples of discases that can be trested anddor pevented using the compounds,
compositions and methods of the invention include Alzheimer's discase and related disorders,
presendle and senile forms; amyloid sngiopathy; mild cognitive impatrment; Alsheimer's
diseaserelated dementia (e.g., vascular dementis or Alzheimer dementia); AIDS related
dementia, {apopathiss (e.g., argyrophilic grain dementis, corficobasal degeneration, dementia
pugilistics, diffuse neurofibrillary tangles with caleification, frontotemporal dementia with
parkinsonism, Prionselated  disease, Hallervorden-Spatz - disease, myotonic  dystrophy,
Niemann-Pick disease type €, non-Ousmanian Motor Newron disesse with newrolibrillary
tangles, Pick’s disease, postencephalitic parkinsonises, carebral arayloid anglopathy, progressive
suboortical gliosis, progressive supranuclear palsy, subacute sclerosing panencephalitis, and
tangle enly dementia), slpha-synucleinopathy {e.g., dementia with Lewy bodies, multiple
system atrophy with glial cvtoplasmic inclusions), multiple system atrophies, Shy-Drager
syndrome, spinocerchellar atexia (e.g, DRPLA or Machado-Joseph Disease); striatonigral
degeneration, olivopontocersbellar atrophy, neurodegencration with brain iron accumulation
type L olfactory dysfunction, and amyotrophic latersl sclorosis); Parkinson's disease {e.g,
familial or pon-familial), Amyotrophic Laters! Sclerosis; Spastic paraplegia {e.g., associated
with defective function of chaperones andfor wiple A proteins); Huntington's Disease,

spinocerchellar ataxia, Freidrich's Ataxia; cerebrovaseular diseases including stroke, hypoxia,
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ischemda, infercton, intracerebral hemorthage: trawmatic brain injury; Down's syndrome; head

fraums with post-traumatic accwmsulation of amyloid beta peptide; Familisl British Dernentia;
Familial Danish Dementia; Presenile Dementia with Spastic Ataxis; Cercbral Amyloid
Angiopathy, British Type; Presenile Dementia With Spastic Ataxda Cercbral Amyloid
Angiopathy, Danish Type; Familial encephalopathy with nouroserpin inclusion bodies (FENIB)
Amvyloid Polyvneuropathy (e.g., senile amyloid polyneuropathy or systemde Amyloidosis)
Inclusion Body myositis due to amyloid beta peptide; Familial and Finnish Type Amyloidosis;
Systemic amyloidosis associated with multple myeloms; Familial Mediterranean Pever;
multiple sclerosis, optic neuritis; Guillain-Barre Syndrome; chronie inflammaiory demyslinating
polyneuropathy; chronic infections and Inflammmations; acute disserninsted encephalomyelitis
(ADEMYy; sutolmeoume inner ear discase (AIED); disbetes; myocardial ischeriz and other
cardiovascular disorders; pancrestitis; gout; inflammatory bowel disease; ulcerative colitis,
Crohn's disease, rheumaioid avthritis, ostecarthritis; artheriosclerosis, inflanumatary aortic
aneurysen; asthma; adult respiratory distress syndrome; restenosis; Ischemiafreperfusion Injury;
glomentlonephritls;  sscoldosis  cancer; restencsis; rhewmatic fever, systemic  lupus
eryithematosus; Reiter's gyndrome; peoriatic arthritls; ankylosing spondyvlitls; coxarthritis; pelvic
inflammatory  disease;  osteomyelitis;  adhesive capsulitis;  oligoartheitis;  periantheitis;
polyarthritis; psoriasis; Still's disease; synovitle; inflaromatory dermatosis; and, wound healing.
In aspects of the invention, 8 compound, corpposition, or resthed disclosed hersin may be
utiized to prevent adior teat a dissase invelving newoinflamemation (e, newoinflaramstory
discase), Nemoinflanmation is & chamcteristic festure of disease pathology and progression in a
diverse aray of newrodepensrative disorders that are incrasing in thelr societal impact {for & recent
seview, sse, e.g, Prusiner, S. B. {2001} New Epgl I Med. 344,1516-1526) These
newoinflannationelated disorders include Aleheimer's disease (AD), amyotrophic lateral sclerosis,
autolnunune dsorders, prion discases, stoke and teumoatic braln injuey. Neominflemmation is
brought about by glid cell {o.g. astrooyies sud microghia) activation, which normally serves a
heneficial role 35 part of an crganism’s homeostatic response to injwry or developmental change.
Fowever, distegulation of this process through chyonic or sxcessive activation of glia contdbutes o
the discase process through the increased production of profnflammatory cyiokines and chemokings,
pridative stressrelated enzymes, acute phase profeins, and various components of the complement
of glial

N c a2
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cell perroeable ligands that can nxdulate thess disesss relevant pathways.
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For Abheimers discase (AD) in paticlar, the deposifion of Bamleld (AR and

newrofihrilary tangles sre associsted with glial activation, neuronal loss sud cognitive decline, On a
molecular level, Alzheimer's discase is charcterizad by; increased sxpression of nitric oxide synthase
(NOS) in glist cells sumounding amyloid plagres; neuropathological evidence of peroxynitrite-
medisted peuronal damage; and nifdde oxide (NO) overproduction involved in Afinduced brain
dysfunction. NOSH NOS) is induced as part of the glial activation response and is an oxidstive
stressrelated enzyme that generates NO. When NO is present in high lovels along with superoxide,
the highly reactive NO-derived molecule peroxynitrite is generated, leading to newronal cell death. The
prodnflarematory  oyiokine IL-18 is also overexpressed in activated gia in AD brain and
polyrsorphisms in -0 genes are asseciated with an incressed risk of eacly onset sporadic AD (See,
e.g., Du et al, (2000) Neurslogy 55, 480-483). IL-1B can also influence amylodd plaque development
and is involved in additional ghial inflanynatory and nenronal dysfunetion responses (See, .g., Griffin,
et gl, (1998) Brain Pathol. 8, 65-72; and Sheng, of al, {1986) Newobiol. Aging 17, 761-766)
Therefore, becanse glial activation and specific glhial products are assosiated with neurodegenerative
disorders {e.g., Alzheimer's diseass), the compounds and compositions disclosed hersin that are
capable of modulsting cell signaling pathways {e.g., ghal activation pathways) will have parcular
application in the teatment and prevention of inflenymatory dissase.

In aspects of the fnvention, a compound, composition, or rocthod disclosed herein may be
utilized fo provent andfor weat a disesss involving disegulation of protein kinsse signaling
THersgulation of protein kinase signaling often sccompanies disregulation of cell signaling
pathways {o.g., ghial coll activation pathways). Protein kinases sre 8 large family of proteins that
play & central role o regulating a oumber of cellular functions including cell growth,
differentiation and death. There are thought to be more than 500 protein kinases and 130 protein
phosphatases exerting tight control on protein phosphorylstion. Bach protein kinase transfers the
yv-phosphate of ATP (o 2 specific reeidue(s) of a profein substrate. Protein kinsses can be funther
categorized as tyrosine, serinefthreonine or dusl specific baged on acceptor residue. Examples of
serinefthroonine kingses include MAP kingse, MAPK kinase (MEK), AKUPERB, Jun kinese
{INK), CDKs, protein kinzse & (FRA), protein kingse € (FXCO), and calmodulin (Cabd)-
dependent kinases (CaliKs). Disregulated profein kinase activity (e.g., hyper or hypo-active}
leads to shnormal protoin phosphorylation, enderdying & great number of diseases including
diahetes, rheumatoid artheits, inflavmmation, hypertension, and proliferative diseases such as
cancer, Therefore, becsuse aberrant kinage sotivity is associated with inflammatory dissase {8.g.,

neprodegenerative disorders Hie Alzheimer's disease), the compounds and compositions that are
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disclosed herein that are capable of moedulating kinases involved in cell signaling pathways will

have particular apphication for treatment and provention of inflamamatory disease.
Compounds

The invention provides an isolated and pure, in particular, substantially purs, compound
of the Pormula I wherein RY, B?, and B® are independently hydrogen, hydroxyl, alkyl, alkenyl,
slicynyl, alkviens, stkenylene, alkoxy, alkenyloxy, cyclealkyl, cycloalkenyl, aryl, aryioxy,
arylatkoxy, aroyl, hetercaryl, heteracyolic, acyl, acyloxy, sulfonyl, sulfiuyl, sulfenyl, amine,
iming, azido, thiol, thicalkyl, thicalkoxy, thicaryl, nitto, weido, cyano, hale, silyl, silyloxy,
silylalkyl, silylthio, =0, =8, carboxyl, carbonyl, carbamoyl, or carboxamidesor R is hydrogen,
hydroxyl, alkyl, slkenyl, alkynyl alkylene, alkenylene, alkexy, alkenyloxy, cycloalkyl,
eycloalicenyl, aryl, aryloxy, arylalkoxy, sroyl, heteroaryl, beterocyolie, acyl, soyloxy, sulfonyl,
sultinyl, sulfeny], amino, imino, azido, thiol, thioalkyl, thivalkoxy, thicaryl, nitro, ureide, ovano,
halo, silyl, sibvloxy, silvlalkyl, silylthie, =0, =5, cerboxyl, carbonyl, carbamoyl, or
carboxamide; Y, R, and R® are independently hydrogen, alkyl, alkoxy, halo, or nitro or R
may be absent with g double bond between N at position § and € at position §; or R and B4R
and R’ or R and R® may form a heteroaryl or heterocyclc ring: or sn isomer or 2
pharmeceutically acosptable salt thereof,

In some aspects, one or mors of the feliowing compounds do sot fall within the scope of
the present invention:

In some agpects, one or more of the fellowing compounds do not fall within the scope of

the present invention:
8 8 compound wherein when R’ is =0, B’ is ~COOCH,, CH-CHCOOCH:, -
CH=UHC=0)phenyl, CH=CHC=000CH ), -S-phenyl,

CH=CH{COUR; COOCH,), CH=CH(COOCH,CHy),, -phenyl-COOCH;, ~-CH=CHCO-
phenvl, -CHCHICH{CHOH), ~methylphenyl, R’ is hydrogen or ~CHOCUH,, and R,
R% RY, R’ and RS are hydrogen;

b} a compound whersin when R s =0, RY s ¢yano, R? 5 ~O{=0000H,, and Ra, B R4,
and R® are hydrogen;

¢} a compound whersin when RY is =Q, R s ~methyithiophens or benzyl, R R R RS,
and R’ are hydrogen;

G a compound whersin when B! e =0, R® is methyl, R® is hydrogen, hydroxyl, chlowe, or
brome, B is hydrogen or sthylmorpholingl, and B®, B®, and B® are hydrogen;

&) a compound wherein when R? is methyl, R® is chloro, bromo, or hydeogen, R is
hydrogen or -CHCH-meorpholinyd, and RLR% RY, and RE are hydrogen;
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& compound wherein when R i3 piperazinyl, piperasingl substituted with pyddinyl,

phenyl, or methyl, R® is hydrogen or methyl, 2nd 8%, B, RS, and B® are hydrogen;

a compound whepein when B® is chioro or bromo, B is G-y alkyl, phenyl, amine,
benxyl, worpholingl, chlore, -C{=QINH,, -NH:, GGy alkyiphenyl, -CB{CH:), -
CH:CR(CH ), -benzyichiors, and RS, RY B and R are hydrogen;

a compound whersin when R ie chilore ar bromo, R;?’ is hydroxyl, chlors, twome, C-Cs
alkyl, phenyl, or -N{CHy),, and R, R*, R® and R® are hydrogen;

a compound wherein when B is chloro, B is methyl, B is hydroxyl, and R® R and RS
are hvdrogen;

a2 compound wherein when R is chlore, R B2 R RS and RS are hydrogen:

a compound wherein when R' is hydroxyl, B is 0104 alkyl, snd R, R‘g, R and Bf are
hydrogen;

a compound wherein when R' is ~C-Cy alkoxy, or Oy alkoxy substitoted with ~
N{CHzs)p, morpholinyd, or piperidiny! substitnted with benzyl, B s hydrogen or methyl,
R, R, R* and R® are hydrogen, R i absent, hydrogen, ot methyl:

m} a compound wherein when R is -8H, ~SCH;, or SCHCEOWCH,, B i hydrogen or

11}

o}

)

q
£}

methyl, and B, R, B® and R are hydropen;

a compound wherein when B! fe =8, R is hydrogen or methyl, R is methyl or beneyl,
and R®, %, and R® are hydrogen;

a compound wherein when R s =8, R% is methyl and B is chloro ar R is methyl, and
R?’, Rﬂ and B® are hiydrogen;

a compound whereln when R is hydroxyl, B? is hydrogen, methyl, or butyl, and RY, R?,
R and R® are hydrogen;

a compound whersin when Rlis micthoxy, RZ‘, R R and B ame hydrogen:

a compound whersin when R 8 O alkoxy or C-Cy alkoxy substituted with
morpholingl, -N{CHs), or piperidiny substituted with benzyl, R? is methyl, snd R, RY,
R” and RF are hydrogen;

a compound wherein 8%, R, R*, R and RS are hydrogen;

a compound whersin B! is cyvano o cyano substitmied with -ClOCHCHsY, -~
CE{OHCHy), ~SHTHCH: ), owlohexol, -CH:O-trimethyldiphenylsilyl or cyclohexyl
substituted with hydroxyl, and B, R®, R® and R® are hydrogen:

& compound wherein R & cyano substittied with -CHORENCH ), -SHUMOH),
morpholinyl, trimethyldiphenylsilyl, or ~CH(OCH;CHa), R® is methyl, and 2%, BY, R°
and R® are hydrogen;
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v} & compound wherein R is oxy, and B? is hydrogen or methyl, and B, B% R and RS are

hydrogen;

w) a compound wherein R’ is wmethyl, and RY, B, B, B and RS are hydrogen;

%) 2 compound wherein R® is methyl, and RY, R, R, R® and R® are hydrogen;

y) acompound wherein R is methoxyearbonyl, R? is hydrogen, and R2, B, R® and RS are
hydrogen;

z} a compound wherein R' is -NFg, R® is methyl, chlorophenyl, methoxyphenyl,
ethylphenyl, sthylmethoxyphenyl, propyiphenyl, or -CH{CH:k RS, B and B° are
hydrogen, and R’ is absent or ~HCHCHL OO0,

aq) & compound wherein R is ~OR™ wherein R ts ethylmorpholingl o ~CH,CHN(CHa)
and R%, B°, RY, R” and RY are hydrogen;

b} a compound wherein R’ is -NH,, R® is -NFG, and R®, B, B® and R® are hydrogen;

e 8 compound wherein R is -NH,, B and RS are methoxy, and R and R* are hydrogen;

dd) » compound whersin R' is ~NH;, R is methy! and RY, B and R® ave hydrogen;

ee} & compound wherein R is ~NHy, B is chloro, and R%, R* and B are hydrogen;

) a componnd wherein B’ is ~NH-chlorophenyl, and R® and R® form phenyl group, and
R, R and R are hydrogen; A

gg)a componnd wherein R' is -NHp, R and R® is methoxy, and R?, R and R are hydrogen;

hiya compound wherein R' is -NHy, R? is ethylmethoxyphenyl, R is carboxyethyl or
psorboxypropyl, and B R® snd R® are hydrogen;

i) a compound wherein R' is ~-NHR* wherein R? is ethylmorpholing!, ethylmorpholiny!
substituted  with =0, CHOCHOCH, -CHOHCH.CHCH CHLCHCH,, -
CHCH,CH.CHLOH, -CHCHOH, or -CHCHOCE:, B is hydrogen, methyl, ethyl, -
CHO, -CH0H, -COOH, chlom, -CHCHNH,, -NO;y, -CsN, -CEOY0CHCH:, or -
C{=0MNHy, and RY, R*, R® snd R® are hydrogen;

i} a compound wherein R' s ~WHR® wherein R® s sthanol, methylpiperidinylbenzyl,
sthyipiperidingl, ethylpipsidinylbenzyl, or bulylpiperidinylbenzyl, B® is hwdrogen,
methyl, or -C(CHz), and B, RY, % and R® are hydrogen;

Kk} & compound wherein B is ~-NHR® wherein % is hydrogen, and B, B*, B® and R are
hydrogen;

1) a compound wherein R iz -NHR® whersin B® i LHCHNICHCH o
ethylmorpholinyl, R® is ethyl, and R, R¥ and R® are hycdrogen;
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mie) a compound wherein B ix - *E?i{g}i;, R® is hvdrogen, alkyl, or phenyl, and R,
B R and R® axe hydrogen;

mnia compound wherein R & -NHR® wherein B® k NH. -CHOH,0H,
CILCH{OBYCH,), ethylmorpholinyl,  ethylmorpholingl  substitted  with =0,
ethylphenyl, -CHCHLNHCH;, -CHyCHNUECHCHCH:),  olhyvipiperidingl, o
ethyipiperidinytbenzyl, R s methyl, and R®, RY, B’ and R® ae hydrogen;

oc)a compound whersin R' iz morpholingl, R? is ~CF), -O=0), -CHLOH, -CEQH, -
COOH, chloro, -NOy, or cyano, and B®, R, B® and R® are hydrogen;

ppia compound whersin R' 5 -NHR™ whersin B iz heptyl, phenyl, benzyl, or
ethyiphenyl, R is hydrogen, methyl, or chlorophenyl, %, B® and R® are hydrogen;

qq)a compound wherein R' is -NR® wherein B* is phenyl and B% R%, RY, ®® and R® are
hydiogen;

1T} & compound wherein R 15 morpholing? and R, R?, R, B’ and R® ave hydrogen;

58} & compound wherein R'ig methylpiperazingd and R% R RS R and RS are hydrogen;

) & compound wherein R’ is -NHCH,CH,OH or NHCHCH:OCH,, R® it phenyl and R®,
Ré, B and R® are hydrogen;

vuya compound whersin R' is  -NHR® wherein R¥ i3 ethylamine, butylamine,
ethylaminomethyl, and R? is hydrogen, methyl, or ~C(=0INE, and B, R®, B and RS are
hydrogen;

vwia compeund whersin R s s -NER? wherein BR® is ethylpiperidiny,
methylpiperidinylbenayl, . piperidinylbenzyl, sthylpiperidinyibenzyl,
methylpymrolidinylmethyl, sthylpipsrazinyibenzyl, ~CH,CEO)-piperazinyibenzyl, -
Ci=0)rmethyinsphthyl, CHCHCHCHCHNCH W), CH 0
piperidinyibenzyl, ~-C{=0-methylpiperidinylbenzyl, or -CHCH),, and RS, B, B% and
®® are hydrogen;

wWw) a compound  wherein  RY is CHCHCHp-isoquinelingd,
NHCHCHNCHCHCH, ), propyl substituted with piperidingl fused to phenyl, -
NHCHCH,, or -NHCHECHCH,CECH, substituted with & piperidinyl fused to twe
adiacent carbon atoms of a phenyl molety;

xx}a compound whersin R’ {s ~NH substingied with two pyreolidiny! groups; R® is meethyl,
and B% RY, RPand R® are hydrogen;

vy} a compound wherein R' is ~COOCH;, B is methyl, and B%, R*, R® and RY are hydrogen;

2z} & corapound whersin R' ia hydrogen, R? is methyl, R is oxygen;
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qaa) a compound wherein B s me@?i;yi or oxygen, snd RY, B% RS RO and B are
hydrogen;

bbb a compound wherein B! is ~-NHCHCHN(CHCHa), R is ethyl, and R, RS, R
and R ave hydrogen; and

oC) 2  compound  wherein  RYs  -NHCH.CHOHYNCHs) or

NHCHCENECH,CHOH, R? s methyl, and B, R, &° and B aws hyvdrogen.

In an aspect, 2 compound of the Pornwla [ is provided whersin (a) R' is optionaily
substituted halo, hydroxyl, alioel, alkenvl, alkoxy, cvano, sming, cycloalkyl, -sulfonyl, sulfinyl,
sulfenyl, thiveryl, thicaliyl, carbonyl, silyl, piperszinyl, piperidinyl, pyrrolidinyl, morpholinyl, -
SR¥ whersin R® is optionally substituted alkyl, carbonyl, carboxyl, carbameyl, aryl,
heterocylic, or heteroaryl; (5) B is optionally substituted halo, hydroxyl, alkyl, alkenyl, alkoxy,
carhonyl, carboxyl, phenyl, benzyl, amino, aryl, cyane, ~COH, piperazinyl, alcohol, piperiding,
morpholinyl, or naghthvk(c) R is hvdrogen, halo, hydroxyl, alkyl, alkenyl, alkoxy, phenyl,
piperszinyl, piperidinyl, pyrrolidingl, morpholinyl, thicl, sulfenyl, sulfonyl, sulfinyl, or nitro; (d)
R* is hydrogen, halo, or nitro {6) R is ydrogen, hale, slkoxy, or amidoy(®) R is hydrogen halo,
hydroxyl, alkyl, slkenyl, alkoxy, cavboxy, morpholine; imddazelyl, piperszinyl, pipenidiny,
pyrrolidingd, morpholinyl or R’ is sbsent and there is a double bond between N at position  and
C st position 6; sudior (@) B! and B%, ®' and B or R® and B® may form a heteroaryl ox
heteroeyclio ring.

Iss another aspect of the fuvention a compound of the Formula 1 s provided wherein R
is Ol or Br, -NH;, allel, -CN, =8, silyl, sulfonyl, thicalkyl, thioaryl, piperazinyl, piperaziny,
piperiding], pipetdingl, morpholinyl, pymolidingl, pyreolyl, or pyrmolidingl, which may be
optionally substituted with hale, =0, alkoxy, alkenyl, alkyl, substipted alleyl, -CN, SRM
wherein R? iz optionally substituted methyl, ethyl, phenyl, heterosylic, or heteroaryl, or -CO
substituted with phenyl or substituted phenyl.

Tn another aspect of the invention a compound of the Pormula Iis provided wherein R
is carbonyl, piperazinyl, morpholinyl, sulfonyl, sulfimyl, sulfenyl, or phenyl, -CN, -COH,
CHLOH, -OCHCH3, or siky! which may be optionally substituted with alkyl, alkoxy, aming,
halo, phenyl, substituted phenyl, benzyl, hydeoxyl, amino, piperidiny, or morpholingl.

In another aspect of the invention & compound of the Formala I s provided whersin R?
js piperazinyl; substituted piperzinyl; alkyl which may optionally be substituted with amdno;
phenyl; substituted phenyl; amino which may be optionally substituted with alkyl or alkylaxoine
{e.g., NHCOQOC(CH: ), carboxyl, or substitated carboxyly hydroxyl, or nitre,
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I another aspect of the invention a compound of the Formula T is provided whersin R

i pitvo or hydrogen,

in another aspect of the invention a compound of the Pormule 1 is provided wherein B
is hiydrogen, halo, ~OCHCHLCHNHCOOQCICH: ), or ~OCH:.

It apother aspect of the invention a compound of the Formula T is provided whersin B
is  alkyl, morpholinyl, benzyl, imidasolyl, -CHLCOOCHCH:, CH.O=COOCH.CH,,
CHCHCHSO,0H, CHCHCHRSOY, CHCHCHCHPO(OH),, or CHCHLCHLPOOH),,

In another aspect of the invention a covupound of the Formula I is provided whersin R”
is absent and there is & double bond between N at position 1 and € at position 6.

In g further aspect, & compound of the Formula I is provided wherein RY, % 2%, and B
are independently substituted aliphatic, lower alkyl substinuted amino, lower alkyl substituted
halogen, cycloaliphatic, or substituted cycloaliphatic.

In a still forther aspect the fnvention 2 compound of the Formula T ts provided wherein
R’ is 2 piperasiny! which may be substituted (e.g., with 2 pyrinddinyl molety); halo; amino
which may be substituted; cyano; - SR* wherein 8% is alkyl or aryl {e.g phenyl) which may be
substitated {e.g., halo); substituted alkyl [e.g., alky! substituted with halogen, such as CHEN]:
merpholinyl; pyrrolyl which may be substituted; hydroxyl; - OR™ wherein BY is alkyl; -Ow
CHR™ wherein R is alloyl; or pyrrolidinyl

In a still further aspect the invention a compound of the Formula I is provided whersin
R* is hydrogen; morpholinyl; piperazinyl which may be substitated (e.g., with a pyrimidinyd
maiety); phenyly alkyl; alkoxy {e.pg. CH{OUH:»); substituted alkyl; substituted srvl {e.g.,
phenyl}; cyano; or hydroxyl

In g still further aspect the investion s compound of the Formala § is provided whersin
R is hydrogen; hydroxyl; alky! which may be substinted (2.g., halo), amine which may be
substituted; -CORY wherein RY is hydrogen, hydroxyl, alkoxy (e.g ~OCH:); or, and &g
phenyl} which may be substituted {e.g., alkyl.

In a still further aspect the invention & compound of the Formula I is provided wherein
R” fe hydrogen or halo; R s hydrogen or halo; RY is hvdrogen or hale,

In a still further aspect the invention & compound of the Formula I is provided wherein
R is hydrogen; alkyl which may be substituted {e.g. with phenyl); -CHCH:CO00R™ wherein
R* is alkyl, -CHC=COOR™ wherein R™ is alkyl, CH,CHCH,S(OROR, morpholingl, benzyl,
imidazolyl, or [CHELPO(CH), whersin nis 1 0 6, in particular 3 or 4,

In & still further aspect the invention a compound of the Pormula I is provided wherein

R and B form a piperidinyl ring which may optionally be substituted with 8 carbouyl.
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In a still further gspect the invention 8 compound of the Formuls I is provided wherein

R and B form 2 pyrimiding! ring which may optionally be substituted with alkyl, aryl, halo, or
hrpdroxyl,

In a particslar aspect B is ~NR¥R® wiherein R? is hydrogen, and B® is hydrogen,
alkyl, carbonyl, aryl, amine, cycloalkane, heterocylic, or heteroaryl which may be substituted. In
embodiments B® may comprise or be selected from the group consisting of hydrogen, C-Ce
alky! (e.g. methyl or ethyl} which may be substituted with optionally substituted hydroxyl, alkyl,
amino, cathonyl, carboxyl, mospholingt, isoguinolinyl, or an smino which may be substituted

with one or more of optionally substituted alkyl, beneyl, carboxyl, aleohal group, heteroaryl or

t heterocyclie, a propanol group, phenyl which may be optionally substituted with hale, benzyl

which may be substituted with atkoxy, eyclohexyl, piperidinyl which may be substituted with
optionally substituted phenyl, pyrrolidiny] or pyrrolidinyialiy! which may be substituted with
alkyl, ~-COOR™ whersio R s alkyl which may be substituted, or {UFh ] -piperidinyl whersin m
is 110 4, in paticular 1 to 3 and the piperiding] iz optionally substitted with optionally
substituted allyl, phenyl, or benzyl

In embodiments, R% is -R¥R® wherein B i3 -NHICH, N wherein w is 1 to 4, in

particular 2 or 3, and R is piperaziny! substituted with pyrimiding! which may be substituted,

in particular substituted with atkyl.

In embodiments, R is -RFR® wherein R is ~[CHL1LN(CH:) wherein wis 1 to 4, in
particular 2 or 3, and R¥ is piperazinyt substituted with pyriniding] which may be substituied,
in parficular substitnted with alkyi.

In an aspect of the invention, a compound of the Formula T iz provided whevein B is
halo especially chloro or bromo, R% is alkyl which may be substituled, in particulsr substituted
with alkoxy (e.g., methoxy, dimethoxy), substituted aryl which may be substituted with atkyl,
alkony, (e.8., benzyl, methoxy phenyD), halo (e.g. bromo or cldom), or carbonyl, a substituted or
unsubstituted saturated 3 to S-membered heteromonocylic group containing 1 to 4 nitrogen
atoms [e.g., piperidingl, and piperazinyl] or 2 satucated 3 to S-membersd heteromonooyclc
group containing 1 1o 2 oxygen atoms and 1 o 3 nitrogen atoms [e.g. morpholingl: sydanonyl], in
particular & substituted morpholingd, piperazinylor piperszinyl substituted with 2 heteroaryl in
particular an unsaturated § to 6 membered heteromonoeyelyl group containing 1 to 4 nitfrogen
stoms, in particular, pyrrolyl, pyrrolinyl, imidazolyl, pyrazolyl, 2-pyridyl, S-pyridyl, 4-pyridyl,
pyridinyl, pyrimidinyl, pyrazinyl, or pyridazinyl, especially pyrimidinyl, and optionally B, RY,
®, RS, and B are hydrogen.
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In another aspect of the tovention, & compound of the Pormula 1 is provided wherein R

ie halo especially chlom or bromo, and R® is a substituted or unsubstituted saturated 3 o 6-
membsred beteromonocylic group contaiving 1 to 4 nitrogen atoms [eg, pipenidingd, and
piperazinyl] or a saturated 3 to S-membered heteromoneocyclic group containing 1 to 2 oxygen
atoms and 1 to 3 nitrogen atoms [e.g. morpholingl; sydoonyl], in partioular & substitted
morpholinyl, piperazingl.or pipersziny! substituted with alkyl or a heteroaryl in particolar an
unsaturated 5 to 6 membered hetoromonoeyelyl group coutsining 1 to 4 nitvogen atoms, in
particular, pyrolyl, pyrrolingl, imidazolyl, pyrazolyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, pynding,
pyrimidinyl, pyrazinyl, or pyridseinyd, cspectally pyrimidingl, or R* iz » substituted swaine, in
particular amming substituted with alkyl or substituted alkyl, in particular alkyl subsetitated with
alkoxy carbony, snd optionslly R% R% R R® and R ame hvdrogen,

Tn fusther aspect RY ds hale, sspecially bromo or chloro, and R? and R® form an
unsaturated ring, in particulsr phenyl, RY is & heteroaryl, in paﬁi&ui&r 3 substitgied or
unsubstiinted unsaturated § to 6 mernbered hateromonoayelyl group containing 1 1o 4 nitrogen
atoms, in padicular, pyelyl, pyooloyl, irddazolyl, pyrazolyl, especially imsidazolyl, and
optionally R*, R® and B are hvdrogen,

In ¢ further sspect, R! is halo, especially bromo or chloro, and R* is nitro, and optionally
B R R, RS, and R are hydrogen.

In & further aspoct, the invention provides a compound of the Formula I whersin Rlisa
thio] substituted with atky! (thicalkyl); substituted alkyl, in perticular alkyl substitated with a
substituted or unsubstituted saturated 3 to S-membered heteromonooylic group containing 1 to 4
nitrogen atoms {e.g. pyrroliding, imidazolidinyl, piperidinyl, and piperaziny!] or a saturated 3 to
&-membered heteromonocyclic group containing 1 to 2 oxygen atoms and 1 to 3 nitrogen aloms
{e.g. morpholinyl; sydnonyl], especially 2 substitiied merpholinyl or pipesidinyl;  aryl
substitated arvl; carboxyl which may be substituted with substituted or unsobstituted aryl]
optionally R? s alkyl, in partionlar lower alkyl; optionally R is alkyl, in particular lower alkyl
oF nitro; optionally R® 15 alkoxy; optionally BT is alkyl; and optionally B R, and RS, are
hydrogen.

In 8 further aspect of the invention, 8 compound of the Pormula [ s provided wherein R!
is =S, and optionally B is sikyl, in pesticuler lower alkyl, R® i alkoxy, and B, B, B® and B
are hydrogen.

Ins a further aspect of the invention, 2 compound of the Formula I is provided wherein R
is sulfonyl which may be substitted with substitited or unsubstituted aryl, in pasticular
substituted phenyl, and optionally R? is alloyl and R®, RY, R, R®, and R’ are hydrogen.
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In a further aspect of the invention, 2 compound of the Formula I e provided wherein B

is substituted or wosubstitated alkyl or alkynyl, in pactioulor allkyl substituted with aryl,
substituted anvl, hale, cyane, or alkynyl substituted with alkyl; and optionafly B is allyl, R is
alicyl, and B®, R, B, and R® are hydrogen.

In a further aspect of the invention, a compound of the Formuls I is provided wherein R’
is cyano and R% is aryl or alkyl, and optionally B*, B*, B, RS, and B are hydrogen.

In @ further aspect of the invention, a compound of the Formula I is provided wherein
one or both of B’ and R® are a saturated 3 to 6-membered hetevomonacyclic group containing 1
fo 2 oxygen atoms snd 1 fo 3 nitrogen stoms [e.g. morpholingd: sydnonyll, especially a
substituted morpholingt, and optionally %, B*, 85, 8% and B are hydrogen.

In a further agpect of the invention, a compound of the Formula 1 is provided wherein R
is a satwrated 3 to S-merobersd heteromonocylic group contelning 1 to 4 uitrogen stoms [e.g.
pyerolidinyll, which may be sobstituted with substituted or nnsubstituted carboxyh B is alicyl or
halo, and optionally R, R, R, R%, and ®” are hydrogen,

In a further aapect of the invention, a compound of the Pormula [ is provided wherein &
is hydroxyl, R is alkyl or substitsted alkyl or R is a doturated 3 o 6-membersd
heteromonocylic group containing 1 to 4 mifrogen atoms fe.g. piperidiny, snd piperazinyl]
which may optionsally be substituted with a hetsroaryl {e.g., pyrimidinyi], and the other of B% ar
Rlig hydrogen, and optionally B*, B%, 2% and 87 wre hydrogen.

In a further aspect of the invention, a componnd of the Formula 1 is provided whersin B’
iz & saturated 3 to G-mergbored heteromonooylic group containing 1 to 4 nitrogen atoms fe.g.,
piperidinyl and piperazingl] which may be substituted with carboxyl or carboxyl substinued
with alkyl or alkoxy or with puriny! or substituted purinyl; B? is alkyl or substituted alkyl, in
pacticular alkylaryl, and optionally R*, R*, R®, R®, and R are hydrogen.

In a further aspect of the invention, a compound of the Formula I is provided wherein R
ts =03, and R? i alkyl, alkylacyl, oyano, alkoxy, or substituted alkoxy, and optionally R*, R® B,
R, and R¥ are b ydrogen.

In & further sspect of the invention, a compound of the Formula T s provided whersin B!
is alkoxy, R® is alkyl, substituted sllcyl, or alkoxy, and optionally &%, R, ®%, &S, and R7 we
hydrogen,

in a further aspect of the invention, a compound of the Formula Tis provided wherein R}
and R* form a heterocyclic, in patticular a saturated 3 to G-menbered heteromonocylic group

containing 1 to 4 nitrogen stoms, in particular a Sanembered ring comprising 1 or 2 nitrogen



2016203312 20 May 2016

16

15

it

33

42
atoros fe.g., piperiding] and piperazinyl] which may be substitated for example with alkyl, hale,

carboxyl, or alkoxy carbonyl, and optionally R®, R, R%, R®, and & ave hydrogen.

In a further aspect of the invention, a compound of the Formuls 1 is provided wherein R
and R form a hetercaryl, in particular an unsaturated 5 to 6 membered heteromonocyalyl group
confaining 1 to 4 nitrogen atores, In particular, pyrrolyl, pyrrolinyl, imidazolyl, pyrazolyl, 2-
pyridyl, 3-pyridyl, 4-pyridyl, pyridingd, pyrimidinyl, pyrazinyl, or pyridazingl, R? is hydrogen or
alkyl, and R°, RY, R%, R®, and R” are hydrogen.

In a further aspect of the invention, a compound of the Formula s provided wherein R?
is silyl which may be substituted, in pacicalar sobstituted with allyl, R is alkyd, and B2, R4, RS,
RS, and ¥ are hydrogen.

In an embodiment, R is a piperazinyl or substituted piperasingl, in particolar 2
piperazinyl substituted with & pyrimiding of the Formula I below,

Rm RZH
] Nz
7N foN
/m ;,gwgwf M Nm{\&}

i

Thus, the invention also provides an isclated and pure, in perticular, substantially pure,.
compound of the Pormula I wherein one or both of RY and Y are independently substituted or
unsubstitnted  hydrogen, hydroxyl, alkyl, alkenyl, alkynyl, alkylene, alkenylene, alkoxy,
alkenyloxy, eycloslkyl, evcloalkenyl, aryl, arvioxy, arylalkoxy, aroyl, heteroaryl, heterocyelic,
acyl, acyloxy, sulfonyl, suifingl, sulfenyl, amine, imino. azide, thiol, thicallkyl, thicalkoxy,
thioaryl, nitro, ureido, cyeano, halo, silyl, silyalkyl, silyloxy, silyithio, =0, =8, cacboxyl,
carbonyl, or carbamoyl, or an isomer or @ pharmaceutically acceptable salt thersof.

In an sspect of the compound of the Formula I is provided wherein B is hydrogen;
hydroxyl; alkyl; aryl [e.g phenyl which is optionally substituted {e.g., halide}], piperazinyl
which may be substituted (e.g. substituted with a pyrimidingl); -NR™R® wherein R i
hydrogen or alkyl, and R™ ig phenyl which may be substitnted or alkyl which may be
substituted {e.g. aming, in pattoulsr - CHCHNH.; CHAXFLNHCOOUCH: ), morpholingl
which may be substituted; or —SR™ wherein R” is phenyl which may be substituted; and R s
hydropen, or aryl {o.g. phenyl) which msy be substituted.

In & particular aspect of the invention 2 compound of the Formila 1 is provided whersin

R™ is hydrogen, hals, optionaily substituted hydroxyl, alkyl, pyridinyl, phenyl, benzyl,
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piperazinyl, amine, morpholingl, or ~-SR™ wherein B* is alleyl or aryl. I an embodinent, R i

-NHICHJNRPR™ wherein m is 1 t0 6, in particulsr 2 to 4, R is hydrogen, R* is a carboxyl,
in particalar -COQCCH .

In an aspect of the invention a compound of the Formula T f provided wherein ! is
hydrogen, balo, optionally substituted alleyl, pyridinyl, piperidivyl, morpholinyl, piperazinyl, or
phenyl.

In another aspect of the invention a compound of the Formula Bis provided wherein both
of ' and RY are not hydrogen.

In partioular embodiments of the invention one or more of B gnd pY sre alkyl, in
particular Cy-Cq alkyl and the other of R gnd R 4 hydrogen.

In particular embodiments of the invention ene or more of RY and BY e aryl in
perticular pheny! or benzyl and the other of R and RV i hydrogen.

In particular embodiments of the invention 8 compound of the Formula T is s compound
in Table 3, mors particularly MWOL-2-065LKM, MWOI-2.069SRM, MW0L.2-15 15RM,
MWOL-5-188WH, MWOL-6-12TWH, MWO01-6-189WH, MW0I-J-107WH, and derivatives
thereof,

The invention also provides an isolated and puwre, in particular, substantislly pure,
comapound of the Formula T wherein R and B are Independently substituted or unsubstituted
hydrogen, hydroxyl, alkyl, alkenyl, alkynyl, alkylene, alkenylene, alkoxy, alkenvioxy,
cycloaliyl, cycloalkenyl, aryl, ayloxy, arylalkoxy, aroyl, heteroaryl, heterocyclie, acyl,
acyloxy, sulfonyl, sulfinyl, sulfenyl, amino, imino, azido, thiol, thioatkyl, thicalkoxy, thioaryl,
nitro, ureido, cyano, halo, silyl, silyloxy, silylthio, =0, =8, carboxyl, carbonyl, or carbamoyl], or
an isomer or pharmacewtically scceptable salt thereot,

The invention alss provides an isolated and pure, in particular, substantially pure,
compound of the Formula IV wherein R™ and B™ are independomly substitvied or unsubstituted
hydrogen, hydroxyl, allyl, alkenyl, alkynyl, alkylene, alkenylene, alkoxy, slkenvioxy,
cycloalkyl, cycloatkenyl, aryl, aryioxy, arylalkoxy, aroyl, heteroaryl, heterocyclic, acyl,
acyloxy, sulfonyl, sulfinyl, sulfenyl, amino, iming, azide, thiol, thioallcyl, thicalkoxy, thdoaryl,
nitrey, ureide, cyano, balo, silyl, siiyloxy, silyithio, =0, =8, carboxyl, carbonyl, or carbameyl, or
an isomer or phermaceutically acceptable salt theveof,

In an aspect, the invention relates to a compound of the Pormula IV wherein B is g
heterocylie, in particular 8 saturated 3 to S-membered heteromonocylic group containing 1 1o 4
nitrogen atoms more particulatly, pyrrolidingd, imidazolidingd, piperidinyl, and piperazinyd,

especially piperazinyl or piperidingl, which may be substituted with alkyl especially methyl,
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direthyl, cycloalkyl especially cyclohexyl, aryl especizily phenyl, 2 substituted or unsubstituted

unsatorated condensed heterccyclic group containing 1 to 5 nitvogen astoms, in particular,
indolyl, iscindolyl, indolizinyl, indazolyl, quinazolinyl, pteridinyl, quinolizidinyl, phthalazinyl,
naphthyridinyl, gquinoxaliny], cinnclinyl, phenanthridinv, acridinyl, phenantheolingl,
phenazinyl, carbazolyl, puduyl,  benzimddazolyl, guinolyl, isoquinolyl, guinclinyl,
soquinolingl.or indazolyl, especially benzimidazolyl substitated with oxy.

The invention also relates t0 2 compound of the Formuls IV whersin R is amine of
substituted amine, &nd optionally R™ is aryl, in particular phenyl. Fa an aspect R g -N-RH
wherein R¥ is hydrogen or alkyl, in patticalar Cp-Cs alkyl, more pasticularly methyl or
dimethyl, or ~-N-R¥R™ wherein R* i hydiogen or alkyl, in partioular Op-Cy allyl, more
patticulacly methyl and R* i atkyl substituted with amine or substitated amino, heterooyelic,
substituted heterooylic, or cycloalkyl. B an embodizent, B is ~N-RPR? wherein RY is
hydrogen or alkyl, in particular Ci-Cy ally], more particulardy methyl and B¥ &5 C-Cy alkyl,
ospecially methyl or ethyl substituted with & cycloalkyl especially cyolopropyl, a heterocyclic
especially piperidingl, pyreolidingl, or morpholingl which may be substituted in particular
substituted with aryl, especially benzyl.

A compound of the Formuds IV may comprise structure 124, 125, 126, 127, 128, 178,
130, 131, 132, 133, 134, 135, 138, 137, 138, or 139 in Table § or desivatives thewoof.

The jovention also provides an icolated and pure, in perticular, substantially pure,
compound of the Formula V wherein B and R™ are independently substituted or unsubstituted
hydrogen, hydvoxyl, alkyl, slkenyl, alkynyl, alkylene, alkenylene, alkony, alkenviony,
cycloalkyl, cycloalkenyl, aryl, aryloxy, arylalkoxy, aroyl, hetercaryl, heterocyelic, acyl,
acyloxy, sulfonyl, sulfinyd, sulfenyl, aming, imino, azide, thiol, thioalkyl, thioatkoxy, thioaryl,
nitro, wreido, cyano, hale, silyl, silyloxy, silylthio, =0, =S, carboxyl, carbonyd, or carbameyl, or
an isomer or pharmaceutically acceptable salt thereof,

The invention relatss to 2 compound of the Formula V wherein RY iz substituted or
unsubsatitnied hydrogen, alkyl, aryl, or heterocyelio; R” is substituted or unsubstituted hydrogen
or alkyl, and R™ is substituted or unsubstituted hydeogen, alkyl, cycloalkyl, heteroaryl or hale.
In an aspect, the invention selates to a compound of the Formula V wherein R is hydrogen, Oy-
Cy atkyl which may be substituted with alkyl, especially methy! or timethyl, phenyl, ar 2.3 to 6-
membered  heteromonocylic group containing 1 to 4 uftrogen atoms mere particulady,
piperidiny] or morpholinyl, R™ is hydrogen or alkyl especially methyl, and R™ is hydrogen,
alkyl especially methyl, dimethyl, ethyl, or propyl, cyclohexyl, chioro, or an unsaturated 5 1o 6

membered heteromonocyclyl group containing 1 to 4 nitrogen atoms, in particuler, pyreolyd,
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pyrrolingl, imidazelyl, pyrazolyl, Z-pyridyl, 3-pyridyl, 4-pwxidyl, pynidinyl, pyrimidingd,

pyrazinyl, or pyridazinyl, sepecially pyridingl. In an embodiment, R™ is aryl, R is hydrogen,
and R™ ig €Oy alkyl.

A compound of the Formuda V may comprise compound MWOIL-7-087WH, or strocture
32, 34, 36,38, 39, 40, 41, 42, 43, 44, 46, 47, 48, 49, 63, 68, 70, 71, 75, 76, 77, 78, 79, 80, 81,
and 82 in Table § or derivatives thereof

In some embodiments, the present invention provides novel organic compounds, andfor
heterovyolic derivatives thereof, depicted in Tables 2,3, 4 or 5.

Deerivative groups that may be used to roodify the compounds of the Formula L T IE IV, or ¥
cant be found in US, Patent Application No. 20030176437 (herein incorporated by reference in s
entivety for all purposes).

A compound of the Formula I, I, I, IV, or V may be in the form of 2 prodrug that is
converted in vive (0 an active compound. For example, in a compound of the Formula T one or
more of R, R%, R3 R, R®, R, and R" may comprise a cleavable group that is cleaved after
aduinistration fo 2 subject to provide an active (e.g., therapsutically active) compound, or an
intermediate corapound that subsequently vields the active compeund. A cleavable group can be
an ester that is removed either enzymatically or non-enzymaticslly.

A compound of the Pormula 1, I I IV, o 'V may consprise 2 carvier, such as one or
moore of a polymer, carbohydrate, peptide or derivative thereof, which may be directly o
indirectly covalently attached to the compound. A carrier may be substituted with substituents
described herein including withowt Hmitation one or more alloyl, amino, nitro, halogen, thiol,
thivalkyl, sulfate, sulfonyl, sulfinyd, sulfoxide, hydroxyl groups. In aspects of the invention the
carrier 8 an amino acid including alanine, glycine, praline, methionine, serine, threonine,
asparagine, alanyl-alanyl, prolyl-methionyl, or glveyl-glveyl. A carder can alse include s
molecule that targets a compound of the Formula L I, IIL IV, or V(o a particular tiaswe or
organ. Thus, a carrier may facilitate or enhance transport of 2 compound of the Formwla 1, 11, 1L,
¥ or ¥V to the brain,

PROCESS

Compounds of the Formala § IL HI IV, or V cen be prepared using reactions and
meihods generally known to the person of ordisary skill in the as, having egard o that
knowledge and the disclosure of this application including the Examples, The reactions are
performed in a solvent appropriste fo the reagents and msterials used and suitsble for the
reactions being effected, It will be understood by those skilled in the art of organic synthesis that

the functionality present on the compounds should be consistent with the proposed reaction
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steps. This will sometimes require modification of e order of the synthetic steps or selection of

one partionlar process scheme over snother in order to obtain a desived componnd of the
fovention. §t will also be recognized that another major consideration in the development of &
synthetic route iz the selection of the protecting group used for protection of the reactive
functional groups present in the compounds deseribed in this invention. An asuthoritative
aecount describing the many alternatives to the skilled artisen is Greene and Wuts {Protective
Groups In Organic Synthesis, Wiley and Sons, 1981),

The starting materials and reagents used in prepaving compounds or the invention ave
either available from commercial suppliers or are prepared by methods well known to & person
of ordinary skill in the art, following procedures described in such references as Feser and
Fleser's Reagents for Organic Symthesis, vols. 1-17, John Wiley and Sons, New York, N.Y.,
1981 Rodds Chemiziry of Corbon Compounds, vols. 1-5 and supps., Elsevier Science
Publishers, 1989; Organic Reactions, vols. 1-40, John Wiley and Sons, New York, N.Y., 1991
March 1. Advanced Organic Chemisiry, Ath ed,, John Wiley and Sons, New Yeork, N.Y. and
Larock: Comprehensive Organic Transformations, VCH Pablishers, New York, 1989,

The starting materials, intermediates, aud compounds of the Formula L LIV, o ¥V
may be isolated and purified using conventional techniques, such as precipitation, filtvation,
distillation, crystallization, chromatography, and the like. The compounds of the Pormuda 1, T
HE, IV, or V may be characterized using conventional methods, including physical constants and
spectroscopic methods, in particulsr BPLC.

The compounds of the Pormula §, 1, H, IV, or V which are basic in nature can form a
wide variely of different salts with varions inorganic and organic acids. In practice {8 it desirsble
to Hrst isolate a compound of the Formula L I, T, IV, or V from the reaction maxture as 8
pharmaceutically unacceptable salt and then convert the laiter o the free base componnd by
treatment with an alkaline reagent and subsequently convert the free base to 8 pharmacentically
acceptable acid addition salt. The acid addition salts of the hase compounds of the Pormola L I,
I, IV, or V are readily prepared by treating the base compound with 2 substantially squivalent
amount of the chosen mineral or organic scid in an agueons solvent medium or in 2 suitable
orgamic solvent such as methanol or ethanol. Upon careful evaporation of the solvent, the
desired solid sit is obtained.

Compounds of the Formula L T, T, IV, or V which are scidic in nature sre capable of
forming base salis with various pharmacologically acceptable cations. These salts may be
prepared by conventional technigues by troating the corresponding avidic compounds with an

aqueous solution comaining the desired pharmacologically accepiable cations and then
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evaporsting the resulting solution to dryness, preferably under reduced pressurs. Altersatively,

they msy be prepared by mixing lower alkanolic solutions of the acidic compounds and the
desived alkali metsl alkoxide together and thea evaporating the resulting solution to dryness in
the same manner as before. In either case, stoichiometic quantities of reagents ave typically
erployed to ensure completeness of reaction and maximum product vields.

In particular aspects, the prosent invention provides methods of making the compounds
disclosed herein, comprising the steps ;:smviciszsi {(See, a.g., the Figures and Materials and
Methods). Broad Process Description for Pyr POT Application

In an aspect, the invention provides 8 process for preparing a compound of the formula I8
wherein R11 s hydrogen and R10 is an unsatuzated S 0 6 membsred heterommonocyely! group
containing 1 to 4 nitrogen atomns, in particudar, pymolyl, pyrroling, imidazolyl, pyrazolyl, 2.
pyridyl, 3-pyridyl, 4-pyrdyl, pyridinyl, pyrimiding, pyrazinyl, pyridazingl, tiazolyl, or totrazalyl,
more particulasly pyridinyl, which comprises reacting o compound of the formuls I wherein R10
is halo, in purtcular chioro, and RIY is hydrogen, with boronic acid substituted with an
unsaturated 5 to 6 membered heteromonocyely group contaiming { o 4 nitogen stoms, in
particular, pyrolyl, pyrrolingd, imidazolyd, pyrazolyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, pyridingd,
pyrimidingl, pyrazinyl, pyridazinyl, triazolyl, or tetrazolyl, more particulady pyridingd, under
suiteble conditions to prepare 2 mm;mun& of the formula I wherein R11 is hydrogen and R10 is
an unsaturated 5 o & membered heteromonocyelyl group contalning 1 to 4 nittogen atoms, in
particular, pymolyl, pysroling], imidazolyl, pyrazolyl, Z-pyridyl, 3-pyridyl, 4-pyridyl, pyriding,
pysimidingl, pyrazinyl, pyridszinyl, triazolyl, or totrazolyl, more pacticularly pyridinyl. In an
embodiment, R10 Js phenyl substituted with halo.

In another aspect, the invention provides a process for prepating a compound of the
formula I wherein R11 is hydrogen and R10 is & substiruted arvl which comprises rescting a
compound of the formula I wherein R10 is halo, in particular chloro, aad R11 is hydrogen, witha
substituted aryl boronie acid under suitable conditions to prepare a compound of the forowla I
whereln R11 s hydrogen and R1D iz 2 substituted aryl. In an embodiment, RIO is phenyl
substitnted with halo.

In another aspect, the invention provides a process for preparing a compound of the
formula I wherein R10 is hydrogen and R11 iz allyl which eotnprises reacting a compound of the
formula I wherein R11 is halo, in particular chioro, and RI0 is hydrogen, with an alky! boronic
acid under suitable conditions to prepare a componnd of the formula IT wherein RIO is hydvogen

and R11 is alkyd. In an embodiment, R11 is lower sikyl, in particular methy! or ethyl, and a
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compound of the formula T wherein B11 is chlom is reacted with lower alkyl boronic acid, in

particular methyl or ethyl boronic acid under suitable conditiong,
In amother aspect, the invention provides a process for preparing a compound of the

formula T wherein BI10 is hydrogen and B11 is an alkyl which comprises reacting a pyridazine

- substituted at the 3 position with halo {¢.g., chlom), at the C4 position with alkyl, and at the 6

position with phenyl, with 2-{piperidin-4-yloxy)pyrimidine under suitable conditions to prepare a
compound of the formula I wherein R10 is hydrogen and R11 is an alicyl. o an embodiment, R11
is methyl or ethyl.

In another aspect, the invention provides a process for preparing & compound of the
formmla I whersin R10 is hydrogen and R11 s aryl which comprises reacting a compound of the
formula I wherein R10 is hydrogen and R11 is halo {e.g., chloro), with pyridazive substitated at
the C3 position with halo (e.z., chlore), at the C4 position with aryl, and at the & position with
phenyl, with 2-(piperidin-4-yloxy)pyrimidine under suitable conditions {0 prepare a compound of
the formula II wherein R10 is hydrogen and R11 is aryl. In an embodiment, K11 is phenyl.

In another aspect, the invention provides a process for preparing a compound of the
formonla I wherein R10 is hydrogen and R11 is an unsaturated 5 10 6 membered heteromonoeyelyl
group containing 1 o 4 nitrogen atoms, in particular, pymolyl, pyrrolingl, imddazolyl, pyrazolyl, 2-
pyridyl, 3-pyridyl, 4-pyridyl, pyridingd, pyrimidingl, pyrazing, pyridazinyl, trlazolyl, or iefrazolvi,
more particulady pyridingl which comprises reacting a compound of the forronls I wherein R11
is halo, in particulsr chlove, and R10 is hydrogen, with a boronic acid substitated with an
unsaturefed 3 t0 & membered heteromonocyclvl goup contaiming 1 to 4 nitrogen atoms, in
particular, pymolyl, pymelingd, imidazolyl, pyrazobyd, 2-pyridyl, 3-pyridyl, 4-pyridyl, pyridinyl,
pyritoidinyl, pyrazinyl, pyddaringl, tdazolyl, or tetrazolyl, more particulardy pyridinyl, under
suitable conditions to prepare a compound of the formula I wherein R10 is bydrogen snd R11 is
an unsaturated & to 6 membered heteromonocyclyl group containing 1 to 4 nitrogen atoms, in
particular, pyrrolyl, pyrrolinyl, imidazolyl, pyrazolyl, 2-pyridyl, 3-pyrdyl, 4pwridyl, pyridingl,
pyvimidinyl, pyrazinyl, pyridazinyl, miazalyl, or tetrazolyl, more particularly pyridinyl,

In an embodiment, the invention provides a process for preparing a compound of the
formula I wherein RI0 is hydrogen and R11 is pyridinyl which comprises reacting a compennd
of the formula It wherein R11 is halo, in pacticolar chloro, and R10 is hydrogen, with a pyridinyt
boronie acid under suitable conditions to prepare & compound of the formula 1T wherein R10 is
hydrogen and R11 is pyridinyl,

In another aspect, the invention provides a process for preparing a compound of the

formula I wherein R10 iz hydrogen and R11 is an unsaturated 5 to & membered heteromonocyelyl
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group containing 1 to 4 nitrogen atoms, in particular, pyrrolyl, pyrrelinyd, imidazolyl, pyrazolyl, 2-

pyridyl, 3-pyridyl, 4-pyridyl, pyridinyl, pyrimidinyl, pyraziny}, pyridazinyl, triazolyl, or tetrazolyl,
more particularly pyridinyl which comprises reacting a pyridazine substituted at the C3 position
with halo, at the C4 position with an unsaturated 5 to 6 membered heteromonoeyelyl group
containing 1 to 4 nitrogen atows, in particular, pyrrolyl, pyrroling, imidazolyl, pyrazelyl, 2-
pyridyl, 3-pyddyl, 4-pyridyl, pyridingt, pyrimidinyl, pyrazinyl, pyddsaeinyl, tiazolyl, or tetrazolyl,
mors  particulacly pyridingl, and at the 6 position with phenyl, with 2-{piperidin-4-
yioxy)pyrimidine under suitable conditions to prepare 2 compound of the formula 1 wherein R10
is hydrogen and R11 is an unsaturated 5 to § merobered heteramonocyelyl group containing 1 to 4
nitrogen atoms, in particular, pyrrolyl, pyrrolingl, imidazolyl, pyrazelyl, 2-pyedyl, 3-pyridyl, 4-
pyridyl, pyridingl, pycimidingl, pyrazinyl, pysidazingl, tiazolyl, or tetrazolyl, more particularly
pyridinyl.

In an embodiment, the invention provides a process for preparing a compound of the
formula 1T wherein R10 is hydrogen and R11 is pyridingl which comprises reacting a pyridazine
substituted at the C3 position with halo, at the T4 position with pyridinyl, and at the 6 position
with phenyl, with 2-(piperidin-d-yloxy)pyrimidine wnder suitable conditions to prepare a
compound of the formula I wherein R10 is hydrogen and B11 is pyridinyl

In another aspect, the invention provides a process for preparing 2 compound of the
formula I wherein RIO i hydrogen and R11 is piperidiay! or substitated piperidiny! which
comprises reacting a compound of the formula 1 wherein R11 is halo, in particular chiore, and
R10 is hydrogen with piperazinyl or substituted piperaziny] under suitable conditions to prepare a
compound of the formula T wherein RI0 is hydrogen and R11 is piperidinyl or substituted
piperidinyl.

In another aspect, the invention provides s process for prepating 8 compound of the
formula 1 wherein R1 is piperazinyl or piperaziny! substituted with alkyl, aeyl, or cycloalleyl, R2 is
aryl, B3, R4, RS and R are hydrogen and R7 is absent, which comprises reacting a pyridazine
substituted at the C3 position with halo, at the C4 position with aryl with a piperszinyl or
piperazinyl substituted with alkyl, aryl, or cycloalkyl, under suitable conditions to prepare a
coropound of the formula ¥ wherein R1 is piperaziny! or piperaziny] substitated with alkyl, arvl, or
cycloalkyl, R2is wryl, R3, R¢, RS and RS are hydrogen and R7 is absent.

In another aspect, the invention provides a provess for preparing & compound of the
formula | wherein R1 is piperazinyl or piperaziny! substituted with alkyl, aryl, or cycioalkyl, R2 is
an unsaturaied 5 to 6 membered heteromonceyclyl group containing 1 to 4 nitrogen atoms, in

patticular, pyrrolyl, pyreolinyl, imidazolyl, pyrazolyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, pyridinyi,
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pyrimiding, pyrazinyl, pyddazinyl, triazolyl, or istrazolyl, mare particularty pyridinyl, R3, R4,

R5 and RO sre hydrogen and R7 is absent, which comprises reacting a pyridazine substituted at
the 3 position with halo, at the 4 position with an unsaturated 5 to 6 menthersd
heteromonccyelyl group contaiming 1 to 4 nittogen atows, in particulsr, pymolyl, pyrelinyl,
imidazolyl, pyrazolyl, Z-pyridyl, S-pyridyl, 4-pyridyl, pyridinyd, pyrimidinyl, pyrazinyl,
pytidazinyl, tazolyl, or tetrazalyl, more particudarly pyridingl, with piperazinyl or piperazinyl
substituted with atkyl, aryl, or eycloalky? under suitable conditions to mepate a compound of the
formula [ wherein R is piperazinyl or piperaziny! substituted with alkyl, aryl, or cycloalkyl, B2 is
an unsaturated 5 to 6 membered heteromonocyclyl group containing 1 te 4 nitrogen atoms, in
particular, pymolyl, pyrrolingd, imidszolyl, pyrazolyl, Z-pyridyl, S-pyridyl, 4-pyridyl, pyridinyd,
pyrimidinyl, pyrazinyl, pyridazingl, triazolyl, or tetrazolyl, mmore patticularly pyridinyl, R3, R4,
R3 and RE are hydrogen and R7 is shsent,

In another sspect, the invention provides a process for preparing a compound of the
formula T wherein BI s substituted amino in pasticular amino sobstituted with substituted
morpholinyl, in particular morpholincethyl, R2 is aryl or an unsatorsted 5 to 6 membered
heteromonocyclyl group containing 1 to 4 nitrogen atoms, in partioular, pymolyl, pyrrotinyd,
imidazolyl, pyrazolyl, 2-pyridyl, J-pyridyl, 4-pyridyl, pyridine, pyrbmidinyt, pyrazinyd,
pyridazinyl, miazolyl, or tetravalyl, in particular pyddinyl, R3, R4, RS and R6 ave hydrogen and
R7 i abgent, which comprises reacting a pyridezine aubstituted at the €3 positton with halo, at the
C4 position with arvl or an unsaturated 5 to 6 membered heleromonoeyelyl group containing 1 to
4 mitrogen atoms, in particular, pyrrolyl, pyrrolinyl, imidazolyl, pyrazolyl, 2-pyridyl, I-pyridyl, 4-
pyridyl, pyridinyl, pyriridingl, pyrazinyl, pyridazingl, triazolyl, or tetrazolyl, more particulady
pyridinyl, with substituted amine in particular amino substituted with substituted morphelinyd, in
particular morpholineethyl, under suitable conditions to prepare a  compound of the formalds
wherein R1 is sobstituted amine in partionlsr amino substituted with substituted morpholing?, B2
is aryl, R3, R4, RS and R6 are hydvogen and R7 is absent.

In another aspect, the invention provides a process for preparing a compound of the
formula V wherein R30 ie aryl, RS1 is hydiogen, and R32 is alkyl comprising reacting a
pyridazine substituted at position C3 with halo, at position C4 with aryl and position & with alkyl
with 1~(Z-pyrimidylpiperazine under suitable conditions to prepare a compound of the formula ¥V
wherein R30 is aryl, R51 is hydrogen, and RS2 i adkyl.

In another sspect, the investion provides a process for preparing a compound of the
formula I wherein RI is substitwted amine, R2 is am unsaturated 5 o 6 membered

heterommonocyelyl groop containing 1 to 4 nitrogen atoms, in pariioular, pyrrolyl, pymrolingd,
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imidazolyl, pywrazolyl, Z-pyidyl, 3-pyridyl, 5;-pyﬁdy1, pyridinyl, pyrimidingl, pyrazinyl,
pyridazinyl, triazolyl, or tetrazolyl, in particelar pyridinyl, R3, R4, RS and R6 ate hydrogen and
R7 is absent comprising reacting a pyridazine substituted at the €3 position with balo, at the C4
position with an unsaturated 5 to 6 merbered heteromonocyclyl group containing 1 to 4 nitrogen
atoms, in patticular, pyrrobyl, pyreolinyl, imidazolyl, pyrazelyl, Zpyridyl, 3-pyridyl, dpwridyl,
pyridinyl, pyrimidinyl, pyrazinyl, pyridazioyl, triazolyl, or tetrazolyl, in particular pyridinyl, and
gt the C6 position phenyl, and s substitiled sraino umder suitable conditions 1o pIepams a
compound of the formula I wherein R1 is substiiuted amino, R2 is an unsatorsted 3 to 6
membered heteromonooyelyl group containing 1 to 4 nitrogen atoms, in particular, pyrrolyl,
pyrolinyl, imidazelyl, pyrazolyl, 2-pyddyl, 3-pyridyl, 4pyridyl, pyriding, pydmidinyd,
pyrazinyl, pyridaginyl, triazolyl, or teteazolyl, in particulsr pyridingd, R3, R4, RS and RE are
hydrogen and R7 is abeent,

In the preparation of compounds of the Formula I, 2 key precursor (See, &g, Figure 1) that
oiay be utilized was obtained commercially and used direotly for the synthesis of the ilhustrated
compound MWO01-3-183WH without further purification. Compounds may be synthesized with yields
of 81 - 56%. All purified compounds mey be characterized by HPLC, mass spectromelry and NMR
in order to confirm syntheses.  In Blgwe 1, a synthetic scherse is shown, for gynthesis of MWO1-3-
183WH with unconstrained aromatic ring at position 6 and no modification at position 5. Reagent
and condition: (a) 1-BuOH, NELCI, 2<(piperazind-y]} pyrimidine.

Thus, in an aspect, the invention provides a method for preparing a compound of the Foomnula
I wherein g substituted 6-phenylpyridazine is reacted with 2-{piperazin-1yDpyridmidine to produce a
compound of the Formula I wherein R™ and R™ are hydrogen. A compound of the formoula I
wherein R10 and R11 are hydrogen can be reacted under suitable conditions and with auitable reagents
to introduce the radicals RY and R which are independently hydrogen, hydroxyl, alkyl, alkenyl,
alkynyl, aikylene, alkenylene, alkoxy, slkenyloxy, cycloalkyl, cycloalkenyl, aryl, aryloxy,
arylallcoxy, aroyl, heteroaryl, heterocyclic, acyl, acyloxy, sulfonyl, sulfinyl, sulfenyl, amino,
imino, azide, thiol, thicalkyl, thioalkoxy, thicaryl, nitro, wreide, cyane, halo, silyl, silyioxy,
sitylalkyl, silytthio, =0, =8, carboxyl, carbonyi, carbamoyl, or carboxamide

Therapeutic efficacy and toxicity of compounds, compositions and methods of the
invention may be determined by standard pharmaceutical procedures in cell cultures or with
experimental aniznals such as by caleulating a statistical paramieter such ag the EDsp { the dose
that is therapeutically effective in 50% of the population) or LDss (the dose lethal to 50% of the
population) statistics. The therapeutic index is the dose ratio of therapentic to toxic effects and it

can be expressed as the BDo/LDsy ratio. Pharmacentical compositions which exhibit farge
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therapentic indices are preferred. By way of example, one or more of the therapeutic effects, in

patticular beneficial effects disclosed hersin, can be demonstrated in a subject or disease model,
for example, 2 TgCRNDE mouse with aymptoms of Alzheimer’s disease.

Biclogical investigations were done with compounds disclosed herein that were >95%
homogenous a3 determined by HPLCY/MS analysis. As part of a hierarchal, cell-based screening
protoced, the compounds were screened for their ability io block 1B and TNFe production by BY-2
mouse microghial cells stimulated with LPS, The data for MWOI-3-183WH is shown in Figure 2.
Derivative groups that may be used to modify the compounds of the present invention can be found in
US, Patent Application No. 20030176437 (herein incorporated by reference in its entirety for all
puTposes).

The compounds disclosed herein can be tested fur lver toxicity which is an important
initial consideration for orally administered compounds since the liver is the major site of initial
drug metabolism and is critical to overall metabolism and homeostasis of an animal. An
exanple of an in vive liver toxicity test in animals is lusteated in Example 2. Compounds
disclosed herein may also be tested for cardiac safety by testing for KERG channel inhibition,
for example nsing the method ustrated in Hxample 3.

COMPOSITIONS AND KITS

A compound of the Formula §, 1, HI, IV, gr V of the invention may be formulated into a
phanmaceutical composition for adminjstration to g sabject. Pharmaceutical compositions of the
present invention or fractions thereof comprise suitable pharmaceutically acceptable carriers,
exciplents, and vehicles selected based on the intended form of administration, and consistent
with conventional phatmsceutical practices. Suitable pharmaceutical carriers, excipients, and
vehicles are described in the standerd text, Remingion’s Pharmaceuticsl Sciences, Mack
Publishing Company (Remington's Pharmacentical Sciences, Mack Publishing Company,
Easton, Pa., US4 1985). By way of example for oral administration in the form of 2 capsitle or
tablet, the active components can be combined with an oral, non-toxic pharmacentically
accspmbls inert carder such as lactose, starch, sucrose, methyl cellulose, magnesivm stearate,
ghucose, calclum sulfate, dicalcium phosphate, manmitol, sorbital, and the like. For oral
administration in a gnid form, the drug companents may be combined with any oral, non-toxie,
pharmaceutically aceeptable inert carrier such as ethanol, glyceral, water, and the like. Suitable
binders (e.g. gelatin, starch, com swecteners, natural sugars including glucose; natural and
synthetic gums, and waxes), lubsicants {e.g. sodium oleate, sodium stearate, magnesism
stearate, sodinm benzoate, sodium acetate, and sodium chloride), disintegrating agents {e.g.

starch, methyl cellulose, agar, bemtonite, and xanthen gum), flavoring agents, and coloring
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agents may also be combined in the compositions or components thereof. Compositions as

described herein can further comprise wetting or emulsifying agents, or pH buffering agents,

A composition of the invention can be g liguid solution, suspension, emulsion, tablet,
pill, capsule, sustained release formulation, or powder. The compositions can be formulated as 4
suppository, with traditional binders and cartiers such sg triglycerides. Oral formulations can
include standsrd carriers such as pharmscentical grades of mannitol, lactose, starch, magnesium
stzarate, sodivm saccharine, ceflulose, magnesium carbonate, ete. Varions delivery systems are
known and can be used to administer a composition of the invention, e.p. encapsulation in
liposomes, microparticles, microcapsules, and the like.

Formulations for parenteral administration may include aguecus solutions, syraps,
aqueous or oil suspensions and emulsions with edible ol such as cottonseed oil, coconut ofl or
peanut oil, Dispersing or suspending agents that can be used for aguecus suspensions include
synthetic or  natural goms, such as tragacanth, alginate, acacia, dextran,  sodivm
carhoxymethyloellulose, gelatin, methyleeliulose, and polyvinyipyrrolidons.

Compositions for parenteral administration may include sterile aquecus or NON-AgUSOUs
solvents, such as water, isotonic saline, isotonic glucose solution, buffer solution, or oiher
solvente convendently used for parenteral administration of therapeutically active agents. A
composition intended for parenteral administration may also include conventional additives
such av stabilizers, butfers, or preservatives, o, & antioxidants such as methylhvdroxybenzoate or
similar additives.

Compositions of the invention can be formulated as phacmaceutically acceptable salts as
described herein,

4 composition of the invention may be sterilized by, for example, filtration through a
bacteria retaining filter, addition of sterilizing agents to the composition, imadiation of the
composition, or heating the composition. Alternatively, the compounds or compositions of the
present invention may be provided as sterile solid preparations e. g lyophilized powder, which
are readily dissolved in sterile solvent immedistely prior to use.

After pharmaceutical compositions have been prepared, they can be placed in an
appropriste container and labeled for treatrent of an indicated condition. For administration of
a compuosition of the invention, such lsbeling would inclode amount, frequency, and method of
administration.

The invention also provides a pharmaceutical pack or kit comprising one or more
containers filled with one or move of the ingredienis of a pharroaceutical composition of the

invention to provide a beneficial effect, in particular a sustained beneficisl effect. Associated
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with such container(s) can be various written materials such as instructions for Lse, Or 8 nofice
in the form prescribed by a gevernmental agency regulating the labeling, manufacture, nse or
sale of pharmaceuticals or biological products, which notice reflects approval by the agency of
manufacture, use, or sale for hurnan adimdnictration,

The invention also provides z kit comprising a compound or a pharmaceutical
compaosition of the invention. The kit can be a package which honses a container which containg
# composition of the invention and also houses instructions for administering the composition fo
a subijeot,

APPLICATIONS

The invention contemplates the use of compounds of the Formula I I, ITL, IV cor Veand
compositions comprising the same for freating 2 discase disclosed herein, in particuiar
preventing, and/or ameliorating disease severity, disease symptoms, andior periodicity of
recurrence of @ disease disclosed heredn, The invention alea contemplates treating in marals,
diseases using the compounds, compositions or treatments of the invention, The present
invention in embodiments may provide a composition comprising a compound that provides
bencficial effects including greater solubility, stability, efficacy, potency, and/or ulility, in
particular greater solubility and stability.

Novel compounds and methods for new therapeutic interventions are needed for ARy aress
of medicineg and disease treatiment. For example, chronic and acute inflammatory conditions form the
basis for diseases affecting all organ systems including, but not limited to, asthma, acute
nflammatory  diseases, vascular inflapuostory  disease, chronic inflammation, atherosclerosis,
sugiopathy, myocarditis, nephritis, Crohn's disease, arthrits, type I and U diabetos and sscoiated
vascular pathologies. The incidence of these inflararnatory conditions is on the rise and the expenss is
large. For example, for just one form of mflaromatory disease, Alzheiver's disease, the direct costs
{such as medications, doctors’ fees, and nursing home care) and indivect costs {loss of productivity of
those suffering Alsheimer's discase and logs of productivify of those caring for these individuals) are
estimated to exceed one-hundred biltion dollars per year.

With reference to the following examples and related discussions, the present invention
provides various methods relating o the modulation of inflamymation, glial activation or
phosphorylation pathways and/or new therapeutic routes relating thereto. As illustrated more
fully elsewhere herein, such methods inchide but are not lioited to use of the compounds and
compositions of this invention, preferably in a dose dependent fashion, to selectively inhibit
profein kinase activity, glial activation response, axidative stress-related responses such as nittie

oxide synthase production and niteic oxide accunwtlation, cellular apoptosis andior death
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associated protein kinase activity, andior proinflammstory  cytokine responses such as

interlenldu or tumor necrosis factor production. Such methods can include the preparation
and/or formulation of & composition with subsequent aduinistration andfor delivery to activated
ghial cells, tssue, cultive or a related physiological system or mediom, such
administration/delivery in a dose or at a compositional concentration sufficient to effect the
desired regulation and/or inhibition, without substantially inhibiting other desired endogenous
anti-inflammmatory responses.

In an aspect, the present inventon relates to the mhibition of nevronal cell death.
Selective neovonal cell death is a charscteristic featare of the pathology of a number of
neurodegenerative dispases, including Alzheimer's disease {ALY), and trawmatic brain fajury, and
stroke. Selected compounds and compositions of the present invention may be used to reduce or
mhibit Af-induced neurons] cell death and in particudar to reduce or inhibit calmodulin
regulated protein kineses, such as death associated protein kinase (DAPKD,

I some embodiments, the present favention provides methods of inhibiting cell signaling
molecule production (e.g, T.18 and TNFy), comprising administering compositions comprising one
or more of the corpounds of the Formula 3, I, BL IV, or V, in particuler one or more compounds
depicted in the Figures and Tables herein, in particular the compounds depicted in Tables 2,3, 4, or §,
or derivatives of these compounds,

The present invention also provides compounds {e.g., compounds listed in the Bigures and
Tables for use in 1) lowering amounts of pro-inflammatary cytoldnes (e.g., TNFa or -1y andfor 23
mainteining normal levels of postsynaptic proteing (e.g., PSD95). Tn some embodiments, the
reduction of poinflarematory oytokines rednoes cytokines to Jevels found in a nommal, healthy
individual, In some embodiments, the compounds are provided to an individual displaying
charactetistics of an inflammatory disease (e.¢,, Alzheimers disease), such that treatment with the
compounds reduces sberranty high pro-inflammstory cytokine production cansed by the disease (e.g.,
Af- induced increase in pro-inflammatory cyiokines).

in another aspect, selscted compounds and compositions of the invention moay be used to
modulate cytokine-medisted neuronal cell death, in particular modalate cytokine-induced
generation of NG, TNFo signaling through the Pag/TNER family of death receptors, sndfor
DAPK, in Alzhelmer’s disesse and other nenrodegencrative disorders, and heain injury, and
siroke. The evidence for the involvement of pro-inflammatory cytokines and NO in neuronal

cell death has been reviewed in Akiyama, H,, et al,, (2000) Neurohicl, Agir g 21, 383-421;
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Prusiner, S.B. (2001) New Engl. 7. Med. 3443615 16-1526). cytokine-induced novrons! death
could involve DAPK.

In part, the present invention also relates to the inhibition of cell death or tissue foss and
cell activation in addition to brain glis and neurons. For example, cell activation and dssue
damage is 2 characteristic of other diseases such as acute tang injury (ALL). ALI due to sepsis,
freuma or mechanical ventilation is associated with high mortality and morbidity, yet there are
few effective therapies for the treatment of ALL ALI iz common during sepsis, which itself has
an annual mortality equal to acwte myocardial infarction. Endothelial cell (BC) dysfunction snd
activation has been implicated in the in vivo responses linked to ALY, and BC protein kineses,
such as myosin light chain kinase (MLCK), have been shown fo be critical to BC barsier
fopction and sctivation. Similadly, the response of the heart to stress and acute infury resalts in
acufe and chronie injuries in which protein phosphorylation regulated pathways and cell
activation has been linked to cell death and Hasne damage. MLCK and related enzymes such as
Rho kinsse have been fmplicated in these processes and may be targets for new therapeutios.
Accordingly, compounds of the Formula 1, I, [, IV, or ¥V can be used o reduce injury from
hypoxis-ischemia, acute Jung injury andfor endothelial cell dysfunction in lung or vascular
tissue.

In another aspect of the invention, 2 method is provided for treating in a subject a disease
involving or characterized by inflammation, in particular nemoinflammation, comprising
administering to the subject a therapeuntically effective amount of a compound of the Formula 1,
B I8, IV, or V, or a pharmaceutically acceptable salt thereof. In a further aspect, a method is
provided for treating in a subject a condition mvolving inflaromation, in particular
neuroflammation, comprising administering to the subject a therapentically effective amount of
& composition comprising & compound of the Fornula LI IV, orVanda pharmacentically

coeptable cartier, excipient, or vehicle,

In a fnther sspect, the invention provides 8 method involving administering to a subject
a therapeutic compound of the Formula I, 11, HL IV, orV, ora pharmaceutically acceptable salt
thereof, or a composition comprising 8 compound of the Formula 1, LOL WV, or vV, and g
pharmaceutically  acceptable carrier, excipient, or vehicle which inhibit or reduce
newroflammation, activation of glia, moimflammatory cytokines, oxidative stress-related
enzyInes, acufs phase proteins and/or corponents of the corplement cascade.

In another aspect, the mvention provides a method for treating in 2 subject a dissase
associated with newrcinflammation that can be decreased or inhibited with a compound

disclosed herein comprising administering to the subject & therapeutically sffective amount of a
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cotapound of the Forropla LI T8, IV, or ¥, & pharmaceutically acceptable salt thereof, or 2

compasition comprising a compound of the Pormula L I, BIL IV, or Vand & pharmacentically
scceptable carrier, excipient, or vehicle,

In another aspect, the invention provides a method for preventing or inhibiting activation
of protein kinases, in particular DAPK, in a subject comprising administering a therapeutically
effective smount of a compound of the Formoula I, Y, 11, [V , 0r 'V a pharmaceutizally acceptable
salt thereof, or & composition comprising a compound of the Formula I 11, W IV, or Vand a
pharmaceutically acceptable carrier, gxcipient, or vehicle,

In a further aspect, the invention provides a method for reducing or inhibiting kinase
activity, glial activation, newronal cell damage, andfor neuronal cell death in a subject
comprising administeriog to the subject a therapeutically effective amount of a componnd of the
Fornwsla L O, I IV, or V 2 pharmaceatically soceptable salt i‘h@feﬂf, of a composition
corapgising a compound of the Formula I, I, I, IV, or V and 2 pharmacentically acceptable
carrier, excipient, or vehicle.

In some embodiments, the invention provides methods of inhibiting cell signaling molecule
production (.., IL-1P and TNFa), comprising adrninisteriug compositions comprising one or more
compounds of the Formula L, I, I, IV, or V, in particular the compounds depicted in the Piguges and
Tables, more particulardy Table 2, 3, 4 or 5, or derivatives of these compounds. In some
ergbodiments, one or more of the compounds, in particular the compounds depicted in the Fipures and
Tables, more particulardy Table 2, 3, 4 or 5 or derivatives of these compounds, are co-administered
with other recognized therapeutics to treat inflammmatory dissass {&.g., newroinflammatory disesse, in
particular Alsheimer's disease), In some embodiments, the nvension provides compounds {e.g.,
compounds Hsted in the Figures and Tables) for use in 1) lowering amoumts of pro-inflammatory
cytokines (e.g., TNFa or IL-If) andfor 2) maintaining normal levels of postsynaptic profeins {o.g.,
PED-95) for resesch, dug sereening, or therapeutio puiposes. In some embodiments, the reduction
of pro-inflaramatory cytokines seduces cytokines io lovels found in a normal, healthy individual, Tn
scne embodiments, the compounds are provided to an individual displaying characteristics of an
inflammatory disease (g, newroinflammetory disease, in particnlar Alzheimer's dissase), such that
restment with the compounds reduces abereantly high pro-inflamuuatory eytokine production caused
by the disesse {e.g., AB-induced increase in pro-inflamroatory cytokines),

In sn aspect, the invention provides a method for amelioriating progression of & discase
ar obtaining a Jess severs stage of a disease in a subject suffering from such disease {o.g.,
newoinflanimatory  discase, in particular a neurodegencrative disess, more particulerly

Alzheimer’s disease) comprising administering a therapeutically effective amoumnt of a
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compound of the Formouls 1, I, I, IV, or ¥, a pharmaceutically acceptable salt thereof, or a

tomposition comprising s compound of the Formula I, I, OL IV, or V and 2 pharmaceutically
acceptable carrier, excipient, or vehicle.

The invention relates to g mothod of delaying the progression of g disease (e.g.
nevroinflanunatory disease, in partionlar g neyrodegenerative discase, more particularly
Alzheimer’s disease) comprising administering a therapeutically effective amount of a
compound of the Foropla L IL 10, IV, ar ¥, & pharmaceutically acceptable salt thereof, or a
composition comprising 8 compound of the Foreula L 1L, L IV, or Vand a pharmaceutically
acceptable carrier, excipient, or vehicle.

The invention also relates to 8 method of increasing survival of a subject suffering from
a disease (e.g. newrcinflammatory disease, in particular 2 newodegenerstive disease, more
particularly Alzheimer’s disease) comprising administering a therapeutically effective amount
of a compound of the Formula L IL I, IV, or V, 8 pharmacentically acceptable salt thereof, or a
composition comprising a compound of the Formula L, 1L, L IV, or ¥V and 2 pharmacentically
acceptable camrier, excipient, or vehicle.

The nvenstion has particular applications in treating or preventing a neurodegenerative
disease, in particular Alghcimer's disesse. In an aspect of the inveption a compound of the
Porwla 1, I, HE IV, or V 1g utilized in the treatment of Alzheimer’s disease. Alzheimer's
disease may be treated by administering a therapeutically offective amount of a compound of
the Formula T, I, 1L, IV, or V. Such treatment may be effective for retarding the degenerative
effects of Alzheimer's disease, including specitically, but not exclusively, neurvinflammation,
deterioration of the central nervous system, 1o8s of mental facilitios, Joss of short term ORINOTY,
and disorientation.

In another aspect, the invention provides & method for treating Alzheimer’s disease by
providing a composition comprising a compound of the invention in &n amoust sufficient to
reverse or inhibit newrsinflammation, activation of signaling pathways involved in inflammation
{e.g. mewroinflammation), cell signaling molecule production, activation of glia or ghal
activation pathways and responses, proinflammatory cyvtokines or chemokines {.g., interleukin
{(IL} or tumor necrosiz factor {TNF), oxidative stresg-related esponses such as nitrde oxide
synthase production and nitdc oxide accumulation, acute phase proteins, components of the
complement cascade, protein kinase activity {c.g., death associated protedn kinase activity),
neuronal cofl demage, andlor neuronal cell death for a profouged peried following
administration,



2016203312 20 May 2016

10

20

W

59
It a further aspect, the invention provides a methed for treating Alsheimer’s disease in a

patient in need thereof which includes adminisiering to the individual a composition that
provides a compound of the invention in 2 dose sufficient to reverse or inhibit
neuroinflammation, sctivation of signaling pathways involved in inflammation {e.g.,
neurginflanmation), cell signaling molecule production, sotivation of glia or glial activation
pathways and responses, proinflammatory cytokines or chemokines (e.g., interlevkin (L) or
mmor necrosis factor (TNF), oxidative stress-related responses such as nittie oxide synthase
production and nitric oxide éacumuiatimz, acute phase proteins, components of the complement
cascade, protein kinase activity {s.p., desth associated protein kinase activity), neurcnal cell
damage, and/or neuronal coll death fora prolonged period following administration.

The invention in an embodiment provides g method for treating Alzheimer's disease, the
method comprising administering to 2 mammal in need thersof a composition comprising a
componnd of the invention in an amount sufficient to reduce cognitive decline for a prolonged
perind following admindstrstion, thereby treating the Alzhebiner’s deease.

In as aspect, the invention relates to a method of treatment corpprising administering a
therapentically effective amomnt of one or more compound of the Formewda LI L TV, or V, 2
pharmacentically acceptable salt thereof, or a composition comprising a compound of the
Yormula I I T, IV, or V and a pharmaceutically acceptable carmier, excipient, or vehicle,
which upon sdministration to a subject with symptoms of a newrodegenerative disease, in
particnlar Alzheimer’s disease, produces one or more therapeutic effect, in particular a
beneficial effect, more particulacly a sustsined beneficial effect. In an embodiment, g beneficial
effect is evidenced by a decrease or inhibition of one or more of the following: inflammation
{e.g. nevrcinflammation), activation of signaling pathways involved in inflammation (&g,
neurcinfiammation), cell signaling molecule production, activation of plia or glial sctivation
pathways and responses, proinflamraatory cyltokines or chemokines (e.p., interleukin () or
tumor necrosis factor (TNP), oxidative stresserelated responses such as nitrie oxide synthase
production and nitric oxide accurnulation, scute phase proteins, components of the complement
cascade, protein kinase activity (e.g., death associated protein kinase activity), cell damage (e.g.,
neuronal cell damage), and/or cell death (e.g., neuronal cell death).

In an embodiment, where the disease ig Aleheimer’s disease, bensficial effects of a
compound or composition or treatment of the invention can manifest as one, two, three, four,
five, six, seven, cight, or all of the following, in particular five or more, more pacticularly 7 or

more of the following:
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A reduction in protein kinase activity (e.g. DAPK), in particular at least about 2 0.05%,

0.1%, 0.5%, 1%, 2%, 5%, 10%, 15%, 20%, 30%. 33%, 35%, 0%, 453%, 50%. 60%, 70%,
80%, 30%, 95%. or 99% decrease in protein kinase activity,

A reduction in glial activation response, in particular, at least about 2 0.05%, 0.1%, 0.5%,
1%, 2%, 5%, 1%, 15%, 20%, 30%, 33%, 35%, 40%, 45%, 50%, 60%, 70%, 80%, 90%,
55%, or 99% reduction in glial activation.

A reduction in glial activity in the brain, relative to the levels determnined in the absence of
& campound of the Pormula L, T, I, IV, or V in subjects with sympioms of Alzheimer’s
disease. In particular, the compounds induce at least about a 2%, 5%, 10%, 15%, 20%,
30%, 40%, 30%, 60%, 70%, 80%, or 90% decrease in ghial activity

A reduction in oxidative stress-refated responses {(e.g., nitric oxide synthase production
and/or nitric oxide accumulation), in particular at least about a 0.05%, 0.1%, 0.5%, 1%,
2%, 5%, 10%, 15%, 20%, 30%, 33%, 35%, 40%, 45%, 50%, 60%, T0%, 80%, 0%, 95%,
or 98% reduction in oxidative stress-related responses such as nitric oxide synthase
production and nitric oxide accumulation.

A redoction in celldar apaptosis and/or desth associated protein kinase activity, in
particular a 0.05%, 0.1%, 0.5%, 1%, 2%, 5%, 10%, 15%, 20%, 30%, 33%, 33%, 40%,
45%, 50%, 60%, T0%, 50%, 90%, 95%, or 99% reduction in cellular apapéﬂs.is and/or
death associated protein kinase activity,

A redoction in proinflammatory cytokine responses in partcular 8 0.05%, 0.1%, 0.5%,
Y, 29, 5%, 10%, 15%, 20%, 30%, 33%, 35%, 40%, 45%, 0%, 60%, 710%, 80%, 90%,
95%, or 99% reduction in proinflammatory cytokise responses,

A reduction in interfeukin-1B and/or tumor necrosis factoro production in particular a
005%, 0.1%, 0.5%, 1%, 2%, 5%, 10%, 15%, 20%, 30%, 33%, 35%, 40%, 45%, 50%,
60%, T0%, B0%, 90%, 95%, or 99% reduction in interlenkin-18 andfor tumor necrosis
factoro: production.

4 slowing of the rate of disease progression in a subject with Alzheimer’s disease.

Increase in survival in a subject with symptoms of Alzheimer’s diseass,

In particular aspects of the invention beneficial effects of compounds, cormpositions or

treatments of the invention can manifest as (g) and (b); (a), (b} and {c); (8) through (d); (2)
through {&); (a) through (f); {a) through {g}; {a) theough (h); or (8} through ().
Compounds, pharmacentical compositions and methods of the invention can be selected

that have sustained beneficial effects. In an embodiment, a pharmaceutical composition with
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statistically significant sustained beneficial ;‘ir;icﬁ ix provided comprising 3 therapeutically
sffective amount of a compound of the Invention.

The invention provides a method for treating mild cognitive impairment (MCDH
comprising administering a therapeutically effective amount of a conypound of the Formuda ¥, 1L,
I, IV, or V, a pharmaceutically acceptable salt thereof, or a composition comprising a
compound of the Formula L H, HL IV, or V and & pharmaceuntically acceptable carrer,
excipient, or vehicle.

In an embodiment, the invention provides a method of reversing or inhibiting
neuroinflammation, sctivation of signaling pathways Involved o wflammation (&g,
newroinflammation), cell signaling molecule production, activation of ghia or glhial activation
pathways and responses, proinflammatory evtokines or chemokines {(eg., intedeukin (L} or
tumer necrosis factor (TNF), oxidative stress-related responses such as nifric oxide synthase
production and nitde oxide accunulation, acute phase proteins, components of the complement
cascade, profein kinase activity (e.g., death associated protein kinase activity), neuronal cell
damage, and/or nouronal cell death, aftor the onset of cognitive deficits and Alzhetmer’s disease
neuropathology in a4 subject comprising administering to the subject a therapeutically effective
sroount of a cornpound of the Formounda §, 1L HI IV, or V, 3 pharmaceutically acceptable salt
thereof, or & composition comprising & compound of the Formula I, I, I IV, or V and 2
pharmaceutically acceptable carvier, excipiont, ot vehicle,

The invention provides a method of preventing a discase disclosed herein in a subject
with 2 genetic predisposition to such discese by adroinistering an effective amount of a
compound of the Pormula I, IL I TV, or V, or 8 pharmsceutically acceptable salt thereof, or &
compposition compeising a compound of the Pormuda § I IV, IV, or V and a pharmaceutically
acoeptable carrier, excipient, or vehicle.

The invention provides » wethed of boproving mersory of s healthy subject or the
memory of a subject with age impaired memory by administering an effective smwount of a
compound of the Formwla §, I, I, IV, or V, or a pharmaceutically acceptable salt theveof, or a
composition comprising a compound of the Pormula L, T, I, IV, or V and a pharmaceutically
acceptable carrier, excipient, or vehicle,

The further provides a method for improving memory, sspecially short-term memory
and other mental dysfunction associated with the aging procsss comprising adiministering an
effective amount of 2 compound of the Formula I, I, I, IV, or ¥V, or a pharmaceutically
acceptable salt thereof, or a composition comprising a compound of the Fornula L I, I, IV, or

Y and a pharmsceutically scceptable carrier, excipient, or vehicle,
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I an embodiment, 2 method is provided for treating & mammal in need of improved

memory, wherein the mammal has no diagnosed disease, disorder, infirmity or ailment known
to irgpair or otherwise diminish memeory, comprising the siep of administering to the mammal
an effective memory-improving smount of & cotnpound of the Formulg L IL I, IV, or ¥V, &
pharmacentically acceptable salt thereof, or a composifion comprising a compound of the
Pormula L, 10, IV, or Vand a pharmaceutically scceptable carrier, gxcipient, or vehicle.

In an aspect, the invention relates to a method of improving the lifespan of a subject
suffering from Alzheimer’s disease comprising administering « therapentically effective amount
of a compound of the Formula §, I, 11, IV, or V, g pharmaceutically acceptable salt thereof, or a
composition comprising a compound of the Formula L, IL 1L IV, or Vand a pharmaceutically
scceptable carrier, excipient, or vehicle.

In some aspecis, greater efficacy and polency of a treatment of the invention may
improve the therapeutic ratio of treatment, reducing ustoward side effects and toxicity. Selected
methods of the invention may alse improve long-standin g disease even when treatioent is begun
long afier the appearance of symptoms.

The compositions and methods described herein are indicated as therapeutic agents or
methods either alone or in conjunction with other therapentic agents oy other forms of freatment,
They may be combined or formulated with one or more therapiss or agents used to treal a
condition deseribed herein, Compositions of the invention may be administered concurrently,
separately, or sequentially with other therapeutic agents or therapies.Therefors, the compounds
of the Formula I, I, T, IV, andlor ¥V may be co-administered with one or more additionsal
therapentic agents including without lmitation beta-seeretass inhibitors, alpha-secretase
inhibitors, .and epsilon-secretase inhibitors, agents that are used for the treatment of
complications resulting from or sssociated with a disease, or genersl medications that treat or
prevent side effects.

The invention slsc contemplates the use of a composition comprising at least one
compound of the invention for the preparation of a medicament in treating a disease disclosed
herein. In an exbodiment, the invention relates to the use of a therapeutically effective amount
of at least one compound of the invention for preparation of a medicament for providing
ﬁx@r&peuﬁc effects, in particular beneficial effects, more particularly sustained beneficial effects,
in treating a disorder or disease. In a still further embodiment the invention provides the use of a
coppound of the invention for the preparation of a medicament for prolonged or sustained

tregiment of 3 disease,
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Compounds and compositions of the present invention can be administered by any
meeans that produce contact of the active agent(s) with the agent’s sites of action in the bodyola
subject or patient to produce a therspeutic effect, in particular a beneficial effect, in particular 2
sustained beneficial effect. The active ingredients can be administered simultaneously or
sequentially and in any order at different points in time to provide the desired beneficiad sffects.
A compound and composition of the javention can be formulated for sustained relcase, for
delivery locally or systemically. It lies within the capability of a skilled physician or
veferinarian to select a form and route of adwinistration that optirpizes the effecis of the
compositions and treatments of the present invention to provide therapeutic effects, in particular
beneficial effects, more particularly sustained beneficial effects.

The compesitions may be administered in oral dosage forms such as tablets, capsules
{each of which includes sustained relesse or timed release fornudations), pills, powders,
granules, elixirs, tnctures, suspensions, syrups, and emulsions. They may also be admindstersd
in intravenous (bolus or infusion), mtraperitoneal, subcutaneous, or intramuscaler forms, sl
uiilizing dosage forms well known to those of ordinary skil] in the pharmaceutics! arts. The
compositions of the invention may be administered by intranasal route via topical use of suitable
intranasal vehicles, or via a ransderroal route, for example using conventional transdermal skin
patches. A dosage protocol for administration using 4 transdermal delivery systemn may be
confinious rather than istermittent throughout the dosage regimen. A sustained elease
formulation can also be used for the therapeutic agenis.

An amount of a therapeutic of the invention which will be effective in the treatiment of a
particilar disorder or disease to provide effects, in particular beneficial effects, more
particularly sustained beneficial effects, will depend on the nature of the condition or disorder,
and can be determined by standard clinfeal techniques, The precise dose to be employed in the
formulation will alse depend on the route of administration, and the seriousness of the disease,
aud should be decided asccording to the judgement of the practitioner and each patient’s
circumstances,

Thus, the dosage regimen of the invention will vary depending upon known factors such
as the pharmacodynamsic characteristios of the agents and their mode and route of
adnunistration; the species, age, sex, haslth, medical condition, and weight of the patient, the
nature and extent of the symptoms, the kind of concurrent treatment, the frequency of treatment,

the route of administration, the renal and hepatic function of the patient, and the desired effect.
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Suitable dosage ranges for sdministration are particularty selected to provide therapeutic

efferts, in particular beneficial effects, more particularly sustained beneficial offects. A dosage
range is generally effective for triggering the desired bislogical responses. The dosage ranges
are generally abont .3 mg to about 2 g per kg, about 1 mg to about 1 g per kg, about 1 mg to
about 200 mg per kg, about I mg 1o about 100 mg per kg, about 1 mg to about 50 myg per kg,
about 10 myg to about 100 myg per kg, or about 30 mg to 70 mg per kg of the weight of a subject.

A composition or treatmest of the invention may comprise a unit dosage of at least one
compound of the invention to provide beneficial effects. A “unit dosage” or “dosage unit”
refers to a unitary Le., a single dose which is capable of being administered to a patient, and
which may be readily handled and packed, remaining a¢ 8 physically and chemically stable unit
dose comprising either the active agents as such or a mixfure with one or more solid or hgud
pharmaceutical excipients, carriers, or vehicles.

A subject may be trealed with 2 compound of the Formula L I, BL IV, oo V o
composition or formulation thereof on substantially any desired schedule. A compostiion of the
invention may be administered one or more times per day, in particular L or 2 dmes per day,
once per week, once a month or continuously. However, a subject may be treated less
frequently, such as every other day or once a week, or more frequently. A compound.
composition or formulaticn of the invention may be administered to 8 subject for zbout or at
Isast about 1 week, 2 weeks to 4 weeks, 2 weoks to 6 weeks, 2 weeks to § wesks, 2 weeks to 10
weeks, 2 weeks to 12 weeks, 2 weeks to 14 weeks, 2 weeks to 16 wesks, 7 weeks to 6 months, 2
weeks to 12 ponths, 2 weeks to 18 mopths, or 2 weeke 19 24 wmonths, pericdically or
contingously.

The invention will be desciibed in grester detail by way of specific examples. The
following casmples are offered for tlustrative porposss, and are not intended to Hmit the
fnvention in a0y Mannes.

Synthetic Chemistry. All reagents and solvents were used as purchased without further pudfication,
Syntheses were done using variations of established methods and in-parslisl synthetic schemes.
Briefly, diversification of position 3 of the pyidazine dug was done by reaction of a common
halogensted pyridazine precursor. For the compounds used in this wport, a mixture of 0.01 mol of
substituted chloropyridazine, (U053 mol of substituted piperazine and 001 mol of ammonium
hydrochloride in 30 mb of 1-BuOH was stirred at 130°C for 48 h. The solvent was temoved under
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redhiced pressure. The residue was then extracted with ethyl acetate, washed with water and brine, and

dried over amhydrous NaiSCH. Removal of solvent was followed by recrysiallization from 95%
athanal.

Amination of 3-chloro-6-phenyipyridezine by 2-(piperazind- y)pyrimidine Figure 1 2) casily
led to 2-{4-{G-phenylpyridazin-3-yDpiperazin-byDpyrimidice (MWO01-3-183WH): Light
vellow crystals, vield 96.4%; HPLC: 97.4% purity: HRMS calculated 318.1587, found 318.1579;
THNMR {CDCI3x 5 8.356 (4, J=4.5, 2H), 8.011(d, J=7.5,11 2H), 7.692 (d, 3=9.5,1H), 7468 (¢, 5
T=6.0, TH), 7417 (4, 1=7.5, 1), 7.047 (d, 3=0.5, 1H]), 6.546 {, J=4.5,1H), 4.013 (1, J=5.0.4H), 3.826
(1,J=5.0,4H).

Reactions were monftored by analytical HPLC (Raindn Instruments System Woburn, MA),
done on a reverse phase columa CIS (25 om x 4.6 nuw, 5 wm, Supsico, Belleftmte, PAY with two
different TV wavelengths (=260 nm and X220 e or 300 nm). Bloents wepe (A 0.1% (v} TEA
in water and (B} 80% (v/v) acetoninile/water containing 0.08% TFA. A lnear gradient of 1000 ©
07100 A/B over 34 roin at ImL/Amin was used. 1H-NMR spectra were obtained using Varlan INOVA
(500 MFE) spectrometer. High resolution mass spectra were obtained on a VGT0-250SE mass
spectrometer.

Cell Culture Assays. BV-2 mouse microghal cells (52103 cells/well in a 48-well plate) were
cultnred and treated for 16 hes with the standard glial activating stimulus lipopolysaccharide (LU,
from Sabmonella typhimurinm; 100 ng/mi final concentration) in the presence or absence of
aminopyridazine compounds, as described previously (4,171 EL-1/3 and TNFa levels in cell lysates
were determined by electro-chemilurninescent detection in a Meso-Scale Discovery (MSD) kdt, as per
the manufachuer’s mstructions.

In vivo Assays. AR42 infusions and treatment of C37BLA mice with MWOL-2-151WH were
performed as previously described [S]. Briefly, oligomeric A/31-42 was infused ICV for 28
days with a micro-osmotic purnp. At post-operative day 21 and continuing for 14 days thereafter, mice
were injected intraperitoneally once daily with either a test compound (2.5 mg/kg per day) or solvent
contol (10% DMSO in saling). At postoperative day 60, mice were perfused and sacrificed, and
hippocampal endpoints mezswed as previously desoribed [3]. Endpoint assays incladed
immunohistochenics! detection of activated astrocyiss and microglia by ghial Sbdllary acidic protein
{GPAT) and F4/80 staining, measurement of the levels of the pro-inflanumatery cytokines -5,
TNPFg, and S100B by ELISA, and detenmination of synaptic darpage by andlysis of the levels of
postsypaptic density protein-95 (PSD-93).

Braln Uptake Assays, MWO1-2-151WH was administered to mice (253-30g) by oral gavage using 2.5
myglkg componnd in 0.53% catboxymethyleslinlose vehicle. At various timmes (60 man) after
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administration, mice were sacrificed, blood removed by cardiac punciure, and breins immediately

harvested, weighed, guick-fromen in liquid nitrogen, and stored at -80°C until assayed, Brain tissue
was homogenized in 1.5 ml of 0.1 M perchloric acid, After centifugation (12,000 x g for 10 min), the
supernatant was neutralized with I M NaOH sod then extracted thwee times with 2 mi of
dichloromethane by centrifugation at 3,000 x g for 5 min. The orgamic phases from the three
successive extractions were pooled and then vaporated to dryness under reduced pressure. The dried
sample was reconstituted in 100 ul of HPLC mobile phase (30% acetonitrile, 0.08% formic acid, 20%
(), and 20 gl of the reconstituted material was injected into the HPLC system. The HPLC syetem
for detection of MWOIL-2-I5IWH was s Luna 5 #enCIES, 250 mwo x 2 e jntemal diameter column
together with a guard column (Phenomenex, Torrance, CA, USA), with BPLC solvent delivered st 0.2
mbfmin (Tonex, model P680 pumop) and absorbance monitored at 282 ren (Dhonex, model UVD
Y70U detector). Under these experimental conditions, the retention fime of the test compound was
15.3 min. A standard curve of the test compound was prepaced by adding increasing concentrations of
the compound to brain tssue from untrested mice, then extracting the brains and performing TPLC
analysis as described above. The area under the curve increased Inearly with the concentration of the
componnd over the range of concentrations investigated, with a corelation coefficient of (.59, Under
our experimental conditions, the compound was extracted reproducibly, with mean recoveries of 29
+~ 2%,

Graded dose, acule toxicity assays Vehicle (30% DMSO) or test compound (3.1, 125 or 50
mgfke) in 0.5% carhoxymethyiceliulose was admindstered by oral gavage once daily for 3 days. On
the 4th day, mice were snesthetized with penicbarbital, intubated and the iongs were inflated with an
aicontaining syringe. The mice were perfused thwough the right ventricle end the tungs, Hver and
kidmeys were then harvested and Sxed in 4% parsformaldehyde for histology. Parsffinenbedded
hematoxylin & eosin stained sections of each organ were prepared by standard techmigues. A
pathologist blinded to the treatment groups performed microscopic assessment of the tiseue for injury.
Results

MWOL-3-183WH suppressed both 118 and TNFo production in a concentration dependent

mamner (Pigure 23, As shown in Figore 2 A and B, concentration dependent inhibition of
proinflammatory cytokine production by MWOL-3-183WH in BV-2 cells were treated with LPS
(100 ng/ml} in the abwence or presence of increasing concentrations of MWO01-3-183WH for 16
hrs with levels of Y-8 and TNFy in cell Iysates measured by the Meso-Scale Discovery
electrochemiluminescentdetection assay (See, Example 1., Materials and Methods). Dats are the

mean +- SEM of triplicate determinations.
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Pigure 3 jllustrates thet MWOL-5-188WH is a concentration-dependent and selective

inhibitor of proinflamunsatory cytokine production by activated glia and does not cause Hver
injury after chronic oral administration. As shown in Figure 3, concentration-dependsnt
inhibidon by MWO1-5-188WH of LPS-induced increases in {ANL~18 and (B) THFa levels by
the BY2 microglial cell line. (C) Accumulation of the NO metabolite, nitrile, was not inhibited
at concentrations up 1o 33 M. MWD1-5-188WH (188) doss not suppress iNQS, COX-2 or
apoB production in activated ghia, as evidenced by the representative western blots for (D)
INOS, (8) COX-2 and () apoll from glis coltures. Coltures were treated with control baffer, C,
or activated in the abgence, A, or presence, A+188, of 7.5 M MWOIL.5-188WH. Daily oral
administration of MWO0I-5-188WH does not bring about liver mjury (G). Mice wers
administered sither diluent or MWOI-5-188WH (2.5 myfkp/day) for 2 weeks, then liver sections
were stained with haematoxylin and eosin, Bar = 125 pm.  Figure 4 iHlustrates that oral
administeation of MW01-5-138WH suppresses human Af-induced neuroinflammation fn mouse
hippocampus in the absence of & detectable effsct on the number of nitrotyrosing-lbeled
neurons, or on amyloid plague deposition. Oral administration of MW01-5-188WH suppreses
human AP-induced neurcinflammation in mouse Mppocampus in the absence of a detectable
effect on the number of nitrotyrosine-labeled nenrons, or on amyloid plague deposition, A
schematic of the exporimental paradigro is shown. Daily oral administration (2.5 mg/kg) of
MWO1-3-188WH (188-treated) for 2 weeks results in significant suppression of the human AR
induced increase in (A) IL-18, (B) TNFo and (€} S100B levels in hippocampal extracts (n= 10
mice/group). MWOL-5-188WH treatment also decressed the number of {1} GFAP-positive
activated astrocytes and () F4/80 positive microghia in the hippocampus. (F) MWO1-5-188WH
treatment (188 treated) does not alter the profile of nilrotyrogine stained neurons, an indicator of
oxidative stress Haked injury. Representative micrographs are shown for hippocampus sections
statned for mitrotyrosine-positive neurons, from vehicle-infused mice, AP-infused mice (no
treatment), and AP-infused mice orally administered MW01-5-188WH {188-treated). Bare= 25
po. The mumber (G) of amyloid plagues or the area occupled by amyloid plagues (H) is not
altered by MWOL-5-188WH therapy, Quantification of amyloid burden from 2l mice
{o=3/group) was done by determination of the amyloid load. Dats are mesn + SEM.
Sigmficantly different from AP-infused; *p<0.05, ¥p<0.01. Figure § illustrates that oral
administration of MWUOI-S-188WH  attenpates hippocampal  synaptic  dyefunciion and
hippocampus-linked behavioral deficits,. MWOI-5-188WH  administration significantly
attariated the loss of synaptophysin and PSD-95, and the behaviors! deficit in the Ymaze, Oral
administration of MWOL-3-188WH  attenuates hippocampal synaptic  dysfunction and
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hippocampus-linked behavioral deficits. A schematic of the experimental paradigro is shown in

Figore 5. MWO01-5-188WH administration significantly attenuated the loss of synaptophysin
and PSD-85, and the behavioral deficit in the Ymaze. Levels of (A} the pre-synaptic protein
synaptophysin and (B) the post-synaptic protein PED-95 wers measured in hippocarpal extracts
from vehicle-infused mice (control), Af-infused mice (no treatment), and Af-infused mice
administered MWUO1-5-188WH (188-treated) at 2.5 mp/kg by oral gavage once daily for 2
weeks. (C) Spontancous alternation of mice in the Yemaze, a hippocampus-dependent spatial
learning task, was measured for 10 days during the 7th and 8th week after the start of AR
infusion. Data are mean + SEM of n= 5 or 10 per group. Significantly different from AB-infused
(Fp<0.03, ¥¥pd).01, **%p<0.001).

MWO01-2-1513RM was found to suppress [L-18 in & concentration dependent manner.
Immunoreactive levels of glial fbrillary acidic protein (GFAP), a muarker of activated astrocytes
were increased in Af-infused mice (No treatment) compared to vehicle-infused mice {Control).
The Af infused increase in (FAP levels was suppressed by administration of MWO01-2-
151IRSM. MWO1-2-151RSM also blocked the AB-induced increase in the pro-inflamumatory
cytokines IL-18, TNF-tt, and S100B and the AB-induced loss of the pre-sypaplic prolein,
synaptophysin and post-synaptic density protein PSIN-9S5. Thess results sve consistent with the

results of the cell based assay. (See Figures 6 and 7.)

Liver toxicity is an especially important initial consideration for orally administered
compounds, as the Hver is the major site of initial drug metabolism and i eritical to overall
metabolism and homeostasie of an animsl. Liver injury is also & component of idiopathic tssue
injury seen in certain chronically sdministered drugs. Therefore, it is importart o do initigl
assessments of liver toxicity after oral administration of compounds to mice.

Methodys

A standard gpproach is to test compounds in two initial & vive toxicity assays: an acute,
escalating-dose paradigm and a chronic, therapeutic dose regimen. For the escalating-dose,
acute toxicity assays, mice (5 per experimentsl group) are administered either compound or
vehicle in 0.53% carboxymethyleellulose (altematively, castor oil or sesame oil can be used) by
oral gavage once daily for 3 days. Standard compound doses are 3.1, 125, and 30 mg/ky; the
highest dose is 20X a therapeutic dose. On the 4™ day, mice are sacrificed and the Liver
harvested and fixed for histology. ParafSo-ombedded, hematoxylin & eosin (H&E)-stained

sections of liver tissue are anslyzed microscopically for injury by two individuals blinded to the
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treatrment groups, A semni-quantitative histologicad scoring system from 0 {heat) to @ (worst) is

applied that considers grchitecture features (normal to extensive fibrosisd, cellular features
{normal to extessive odema sud widespread necrosis), and degree of inflammatory infiltrste
{normal to extensive infiltrate). For each acute toxicity assay, 15 mg of compound is required.

For the therapeutic dose, chronic toxicity assays, mice (3 per experimental group) are
administered sither compound or veldcle jn 0.5% carboxymethyleetivlose by oral gavage once
daily for 2 weeks al a therapentic dose of 2.5 mg/k/day. After two weeks of ireatment, wice are
sserificed and liver toxictiy analyzed as described above. For each chronic toxicity assay, 5 mg
of compound is requirsd.

Hesulis:

MWOL-5-188WH has been tested in the acute, escalating-dose assay and the chromic,
therapewtic dose assay. There was no histological evidence of tissue toxicity at the lower doses
but some vacuolisation was observed at the 50 mg/kg dose.

MWOL-2-131SRM has been tested in the chromic, therapeutic dose assay. There was no
histological evidence of tissue toxicity; no differences were seen by histology in livers from
mice teated with vehicle or with compound. This compound is currently being tested in the
acute, escalating dose assay.

MW01-6-180WH has been tested in the chronie, therapentic dose assay. There was no
histological evidence of tissue toxicity; no diffcrences were seen by histology in livers from
mice treated with vebicle or with coropound.  This compound is bein g tested in the scute,
escalating dose assay.

Exgmple 3. MEREG chanpe! nhibition aysavs and cardiae OT interval ARSATS

Compounds have been sereened for hERG (hamen ether-a-go-go) potassiurn ion channel
binding and inhibition in order to eliminate sarly in the process any compounds with high
potential to induce prolongation of cardiac QT interval in later studiss due to off-target
toxicities. The hERG channe! conducts rapidly activating delayed rectifier potassivm curents
that critically contribute to cardiac repolarization. Mutations in the hBRG channel gene and
drag-induced blockade of the currents have been linked to delayed repolsrization of action
potentials resulting in prolonged QT interval (Pinlayson et al, 2004; Recanatini st al,, 2005,
Roden, 2004). QT prolongation is considered a significant risk factor against cardiac safety of
new drugs. Therefore, consideration of cardiac safety early in the development process by
testing for hERG channel inhibition provides an efficient and predictive means to assess

potential compound cardiac safety labilities. In addition, the FDA (USA) is considering this as
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an approval criteria in the future and has specific recommendations at this time, The a8says

done to date have been by a commercial service (MDS PharmaService).

The initial assay is a radioligand binding assay that tests the sbility of the test compound
t0 compete with *H-sstemizole (a reference standard that binds to HERG channels with nM
affinity) for binding to recombinant hRERG channels stably expressed on humen HEK-293 cells.
This cell line was chosen because it is of humwan origin, has been fully characterized with regard
to hERG electrophysiology and pharmacology and displays the expected characteristics of Iy,
current as well as expected pharmacological sensitivities, and is easy to maintain in cultore
{(Zhou et al,, 1998). A single concentration {10 UMD of test componnd is assayed, snd %
inhibition of *H-astemizole binding is caloulated. Geperally, any compounds that show >30%
inhibition are tested further in the hERG channel activity assay. This is usual for medimm
throughout screens but s not recommended in the FDA document and tends to give false
positives, as evidencad by the results reported helow.

The hERG channel activity inhibition assay provides whele cell electrophysiological
data about compound offects on the hBRG X' channel function. Whole cell patch clamp
methodology is generally considered to be the gold-standard determination of ion channel
activity, rather than simply measuring channe] binding, The standard festing procedure is to use
3 1o § concentrations of compound at log dilutions with each concentration tested in iriplicate
{three cells). This allows a balance between achieving a reasonably accurate O30 measurement
against a bread concentration range, and reducing cell atirition that would ocour during more
proiracted oxperiment durations. After completion of compound dese-vesponse procedures, a
known hERG channel inhibitor, such as astemizole, is applied a8 a positive control.

Compounds which exhibit inhibition of HERG channel activity are verified as positives
{the hERG channel activity assay can give False positives and false negatives) by testing in vive
for prolongation of cardiac QT interval, The QT interval studiss ate performed by evaluating
compounds for effects on QT interval in Lead I electrocardiograms measured in anesthetized
guinea pigs (Hirchashi et al., 1991}, one of the species recommended in the FDA white paper.
Vehicle ot compound is administered orally at 15 mg/kg (dosing volume of 10 mike) to groups
of male guinea pigs (weighing 330-350g), with 5 animals per group. This dese corresponds
approximately to 20-fold the therapewtic dose by taking into account the body surface area of
the animsls. Heart rate, arterial blood pressure, and QT intervals are measured at baseline, and
at 15, 30, 45, and 60 min after compound administration. Sotalo! adeinistered v at 0.3 mefkg

serves as the positive contrel compound. The OT iniervals are corrected for changes in heart
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rate using both Bazett's and Pridericia’s formulase. Aoy incresse in QT interval values over

baseline values excesding the upper 95% confidence Hmit of the mesn changes at the
corresponding time point in the vehicle-treated contrel group for two cotisecntive observation
times indicates significant QT interval prolongation in the individually treated animals, This
tunctional testing in early discovery provides g rapid and cost-effective method to betier
anticipate and eliminate compounds that may have adverse QT prolongation potential in
humans.

Calculations of Amount of Compound Needed:

{omapetition binding assay: -2 mg
Patch clamp assay: 12 mg
QT intervel assay: 3 mg/antmel/dose = 35 mg per assay at 15 mglkg dose

Because the ox vive activity assays are subject to fales positives and negatives, it is
considered better to complete studies of in vive QT interval assay following the guidelines of
the FDNA position paper.
Resulis:
Compstition nbdbition sssay:

MWOL-3-188WH, MWOL-2-1518RM, and MWOL-6-127WH were fested at 10uM
concentration.

MWOL-5-188WH showed 91% inhibition at 10 pM. MWO1-2-151SRM and MWO1-6-

127WH were negative, showing only 8% and 19% inhibition, respectively.
Pateh clamp inhibitdon assav:

MW01-2-1318RM and MWO1L-6-180WH were testod at three concentrations (0.1, 1, 10
#M}. These compounds showed minimal inhibition, with ICsg values of 4.81 uM for MWO1-6-
189WH and 9.21 uM for MWOI2-1518RM,

MWOL-5-188WH and Wﬂi 2-1515RM were administered PO at 15 mpfke to § goinea pigs
(330-350g weight). QT intervals were obtained at baseline and at 15 min, 30 min, 45 min, and
60 min after compound administration. Neither compound increased cardise QY interval ahove
the mean + 28D of corresponding values in the vehicle control group. There were 350 no

significant effects on mean blood pressure or heart rate after compound administration.
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Figure 1 depicts a synthetic scheme for the preparation of 2-(4-(6-phenylpyridazin3-yiipiperazin-1-

¥Dpynmidice (MWOL-3-183WH). Reagent sod condition: {a} 1-BuQOH, NHLL, and 24 piperazin-1-
yhpymidise. A typical maction mixture of comprised abowt 001 mol of  3-chloro-6-
phenylpyddazine by 2-{piperazin-1- yDpyrmidine, abour 0.05 mol of A{piperazin-1-yUpyrinidine
snd about 001 mol of ammontum hydrochlodde was prepared in sbont 15mi of 1-BuCH. The
mixtare was gtirred ot aboust 130°C for about 48, snd then the solvent was removed under reduced
pressuce. The remaining residue was then extiacted with ethyl acetate, washed with water and brine,
dried over anhydrous NaxS0s. Removal of solvent followed by reorvetallization from 95% sthanol
yiclded Hght yellow crystals, yield 96.4%; HPLC: 97.4% purity; HRMS caloulated 3181587,
found 318.1579; 1H NMR (CDCI3): § 8356 (4, J=4.5, 2H), 8.0114d, I=7.5, 11 2H), 7.692 {d.
J=2.5, TH), 7468 (4, J=6.0, ZH), 7417 (d, J=7.5, 1H), 7.047 (4, F=9.5, 11D, 6.546 ¢, I=4.5, 1H),
4,013 (1, F=5.0, 45}, 3.828 (1, 7=5.0, 4H).

Example 5. Biological Activity, Metabolic Stability and Toxiclly of Smmethyl-G-phenyl-3-{4.

As shown In Fowres 6A-D and 7 A-G, the biologicsl activity of MW01-2-1518RM was
investigated using the assavs deseribed herein for biclogical activity of the compounds.  The
componnd was crally available, and targeted to glia reponses to protect apaingt nesrodeneration, but
did not suppress the same inflanunatory response endpoints outside the brain, The comapound was a
selective suppressor of sctivated glia responses, especially key proinflammatory responses that have
been finked to ALY pathology. Tt alse showed efficasy in the mouse model of humen Af-induced
nenroinflammation and nowronad njury as shown by the assays of Figure 7 A-G.

The stability of MWOL-1518BM in mcrosomes, as shown m Figwes 47 and 48, was
demonstrated for MWOL-2-15ISEM. The stability of MWOL-5-188WH {1 M) in 28 standwd
incubation with tat liver microsomes (BD Riosciences) and an NADPH rogenerating system was done
at 37°C for the times shown. Reactions were stopped by acetonitrile, and the reaction mbxture was
centrifiged at 16 000xg for 10 min. 10g! of the supematant was analyzed by calibrated HPLC to
quantify the percentage of the initial ammount of MWOI-2-1518RM remaining after the incubstion,
The HELT system (Dionex Corp., Summyvale, CA) Includes 2 Dionex P4ED pump, a Phenomenex
Luna €18 colwron (250 x 2.0 mun, 50m) with 2 guasd colurn (Fhenomenex, Tormance, CA) sad a
Dionex UVD340U Ulaviclet (UV) detector.  The mobdle phase consisted of 0.1% formic acid a8
wagent A and 0.08% formic acidiwater in 80% acetonitrile as reagent B, at a flow rate of 0.2 ol per
minute. The gradient consisted of the following lnear and lsooratic gradient elotion changes in reagent

B isocratic at 80% from {0 5 min, 60% 1o 90% from 5 1o 39 min, teocratic at 50% wntd 44 min. Peak
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guantification was done based on absorption measured at 260 nm relative to a standard cusve obtained

by using serial dilutions of MW01-2-13188M.

Liver toxicity affer chromic in vivo administration of MWOL-2-1518RM was investigated, see
Figare 47 A. Mice were administered by oral gavage either MWO1-2-151SRM (2.3 mgfkg/day} or
dilvent (10% DMSO) in a 0.5% (w/v) carboxymethylcellulose saspension once daily for two weeks.
Mice were anesthetized and sacrificed, Livers were removed, fixed in 4% (W) parsformaldehyde and
paraffin-embedded for histology. To assess histological toxicity, 4 Tm Hver sections were stained
with hasmatoxylin and eosin. Two independent cbservers blinded to the treatrent groups performed

microscopic assessment of the tssue for injury,

Exarnple & Prepavafion of N-GyclopropvimethylbGohenvi-d-(pyridind-vlovridaring.
amine (MWHIL-T-O084WEHL
A synthetic scheme for the propration of N-(cyclopropylmethyl)-6-phenyl-4-(pyridin-4-

yhpyridazin-3-amine (MWO01-7-084WH) is depicted in Figure 8, and synthesia was carried out
as desceribed hersin,

4-chloro-G-phenvipyniderin 32 Hove VWO LG003WH

4-chloro-S-phenylpyridazin-3(0H}one was symhesized according o the procedure described by
Condert, P 181

Aoilore-2-(methorvmethyh-G-ohenvipyridarin-3(3 Hone (MWEL-T-053WED

A mixture of chioropyridazinone 1 (355 g, 0.12mol), &N’,deinmﬁ}ylmﬁm}:pyﬂdim {0.20 g) and i~
PraMEe (26,7, 0.21mol) in anhydrous CHCL (300mL) was stimed st 0°C (oe bath) for 30 min
Methoxymethyl chioride (25g, 0.31mol} was added and the mixture was stied at 0 (8C for 1h and

then allowed to warm to room termperaturs. The reaction was sivirred at room temperature Gl
conplete. The solvent was then removed i vacuo, the residue was trested with water, washed with
dilute NaOy solution and exivacted with BtOAc. The organic layer was dred over ashydrous
NazS(y, filiered and evaporated. The residue was then purified by recrvstallization from 95% ethanol
to give 20.1 hght yellow solid. Yield 66.9%.

&phenyi-d-dpyridin-d-vhrmidein- 300 one (AWOL-T-O0WED

The prowected pynidazinone  MWOL7-055WH (L0equiv.) was mixed with arviboronic scid
(1.37equiv.), PAPPR3M Q.05 equiv) and K2CO3 (3. 1equiv) and 200 mi of DME in a 350md of

pressure vessel, flushed with argon for 3 min, and the mixiure was then stirred and refloxed (ofl bath,

120°C) umtil the starting material had disappeared. After cooling, the solution was concentrated to
deyness under reduced pressure, the residue was treated with water and fillered off, The filter cake was

washed with water over filter fuonel and then used for next step durectly. The residue obtained above
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was dissolved in 200ml of BrOH, 6 N HCL (200 wl) was added and the resction mixtore was retluzed

(oil bath, 120 ;8C) for 6 b, then it was allowed to cool to romm termperatire, and concentrated to
dryness under reduced pressure. The tesidue was neutralized with dilute NaOH solution. The
suspension was then filter off, washed with water and dried over filter funnel. Recrystallization from
90% ethanol provided brown vellow solid. Yicld 80.4%. BSI-MS: mfz 7043 (M4}
S-pitoro-Goohenvi-ovidind-vlnvidezine QMWOLTO76WED
3-chloro-6-phenyl-4-(pyridin-4-ylipyridazine (MWOL-7-076WH) (66mmol} was suspended in 73ml
phosphorus oxychloride and heated with stirring at 100°C for 3h. After cooling to room

temperature the mixture was poured onto crushed ice. The mixiure was then peutralized with
NaOH solution to give white suspension. The precipitation was filtered off, washed with water,
dried over filter funnel to yielding a light yellow solid. ESE-MS: miz 268.4 (M+H4).
NAevelopropylmethyD-6-phenyi-d-{pyridin-4-viipyvridazin-3-amine (MWOLT-ORAWED

A mixture of N-{eyclopropylmethyl}-6-phenyl-4-(pyridin-d-yDpyridasin-Z-amine  (MWOI-7-
084WH) { ¢.5mmol), C-Cyclopropyl-methylamine (2.0menol) in 2mi of 1-BuOH was heated

with stirring at 130°C for 7days. The solvent was removed by evaporation in vacuo, the residue
was treated with water fo give a suspension. The solid was then filtered off, washed with water,
then 1:3, Bthyl Acetate: Petroleuns ether, dried over fiter fumnel in vacuo yielding gray solid.
ESE-MS: mife 330.4 (M),

Hxanwle 7. Prepomtion of Sie-methyipiperasin Lyl S-phenyl-d-Govridindylprridazine
BIWHL-T-885WEHD,

A mixture of 3-chloro-6-phenyl-4-{pyeidin-d-yDpyridazine (MWOL-7-076WH) .5mmol}, 1-
methyl-piperazine {Z.Gxﬁmmi} in 3ml of 1-BuOH was heated with stiring at 130°C for abowt 7

days. The solvent was removed by evaporation in vacuo, the residue was treated with water to
give a suspension. The solid was then filiered off, washed with water, then 1:3, Ethyl Acstate:

Potrolenm ether, dried over filter funnel in vacuo to vield a brown solid. ESEMS: miz 332.2

(M+H"). A synthetic reaction scheme for the preparation of 3-(4-methylpiperagin-{-yl}-6-
phenyl-4-(pyridin-4-yDpyridazine (MWO01-7-085WH) is depicted in Figure 8.

Morpholin-4-yl-ethylamine (2.0 mmol) in 3ml of 1-BuOH was heated with stirring at 130°C for

about 7 days. The solvent was removed by evaporation in vacno, the residue was treated with
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water {0 give & suspension. The solid was then filtered off, washed with water, then 1:3, Bthyl

Acetate: Petrolewm ether, deied over filter funnel in vacuo to yield a gray solid. ESEMS: vz
3622 (M+H). A syothetic reaction scheme for the preparation of 3-{(4-methylpiperazin-1-yi)-
N-{3-morpholipoethyl)-6-pheayl-4-(pyridin-4-yDpyrdazin-3-amine  (MWOL-7-081WH) is
depicied in Figore 10.

Sxmmple 8 Prepsration of 5-0d-FluorophenyD-dphenyb-f-(de-pyrimidin-Syvinioersin b
yhpvridasine MIWEL-065L KM
A synthetic renction schewme for the preparation of 3-(4-Florophenyl)-3-phenyl-6-(4-pyrimidin-

2-yipiperazin-1-yhpyridazine (MWO01-2-065LKM} is depicted in Figure 11, and syothesis was
carried out as described herein.
3-phenvi-6-(4-pyroidin-2-vipiperazin-1 -yDpyridazio-S-of (MWOL-6-006WIHD

This comopound was prepared from 3-chloro-S-hydroxy-6-phenylpyridazine (1.4g, 6.8mumol) in the
same manner as described for MWOL-6-121WH, vielding white solid (2.12g, 6.15mmol, $0.4%).
MALDETOR: nvz 3357 (M), 1H NMR (DMSO): d 8433 {t, I=2.0, =24, 2H), 7.773 (d, }=3.2,
ZED, 7497 {, }=2.0, I=3.6, 30D, 7182 (s, 11, 6737 (5, 1H), 3.845 (s, 4L}

pryridazine (MWOL-G-013WH

J-chloro-S-hydroxy-6-phenvipyridazine  {(66mmol} was suspended in 73ml  phosphorus
oxychloride and heated with stirring at 100°C for 3h. After cooling to room temperature the
mixiure was poured onto crushed ice, The mixture was then neutralized with NaOH solution to
give white suspension. The precipitation was filtered off, washed with water, dried over filter
fummel to vield white solid (98.8%). ESI-MS: miz 35333 (M) 1H NMR CDCI3) 4 8375 (4,
F=5.0, 28D, 7.776 (4, I=7.0, 2HD), 7487 (m, 3H), 7073 (s, 1H), 6.588 (1, I=4.5, 1H), 4.046 {1, J=4.5,
F=5.5, 4H), 3.849 (1, 1=5.5, =50, 4H).
Chpvrimidin-2-viniserazin. Loliovddazine (MWOL-2-063LEMY

This compound was prepared in the same manner as descrbed for MWOL-T-060WHWH, vielding a
white solid (80.4%). MALDLTOF: nvz 4134 (M+HA4).

vilgy

ARV XX
.\\\‘\\“&\\{‘:{“

A synthetic reaction scheme for the preparation of 3-(4-pyridyl)-3-phenyl-6-{4-pyrimidin-2-
yipiperazin-1-y])pyridazine (MWO1-2-060A-SRM) is depicted in Figure 12, and synthesis was
carried out as described herefn. This compound was prepared in the same manner as described
for MWOL-2-085LEKM, vielding white solid {65.4%). MALDIL-TOF: mfz 386.2 (M+H+).
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Example 1% Preparation  of  dowmethyb-Guhenylh-3-{dowinidin2vipperasin
yhpvridasine RIWEL2-1SISRM,
4-methyl-0-phenyl-3-(4-pyrimidin-2-yipiperazin-1-yDpyddazine  (MW01-2-1518RM)  was

prepared by several synthetic schernes as depicted in Figure 13 (Scheme 1), Figure 14 (Scheme
23, and Figure 15 (Scheme 3), which were carried out as described in detail hersin, The vagious
reaction schemes (Schemes 1, 2, and 3) are generally applicable to the compounds of the present
invention and are not restricted in wtility only to the preparation of MW01-2-151SRM.

Scheme 1
Z-chloro-f-phenvipyridazin.4.ol was synthesized according to the procedure described by

Coudert, P, et al. [18],
&-phenyl-3-(4-{pyrimidin-2-vlpiperazin-1-yvlpyridazin-4-0l (MWOL-7-121WH
This compound was prepared from 3-chloro-4-hydroxy-6-phenylpyridazine (14g, 68nunol) in

the same manner as described below, yielding white solid (22.1g, 66mmol, 97.3%), BSEMS:
m/z 3352 (M+H+). 1H NMR (DMSO): 1H NMR (DMSO): d 8.406 (4, 7=6.5, 2H), 7.740 (4,
J=4.0, 2H), 7.538 (5, 3H), 6.686 {t, I=4.8, F=4.4, 1H), 6.841 (s, 1H), 3.881 (s, 45, 3.620 {5, 4H),
3.776 (s, 4H).

d-ohlore-G-phenvl-3-(dopyrimidin-2-viniperazin- Lvlipyridazine (MWOLE-I27WED

6-phenyl-3-{(4-pyrimidin-2-ylpiperazin-1-ypyridazin-4-ol (22.0g, 66mmol) was suspended in
73l phosphorus exychloride and heated with stirting at 100°C for 3h. Afier cooling to room
temperature the mixture was poured onto crushed ice. The mixture was then neutralized with
NaOH solution to give white suspension. The precipitation was filtered off, washed with water,
dried over filter funnel to provide white solid (21.3g, 60.3mmol, 81.4%). BESL-MS: m/iz 3334
(M+H+). THNMR (CDCI3): d 8.377 (d, F=4.5, 25, 8.036 {d, J=7.5, 2H), 7.833 (s, 1), 7.508
{m, 3H}, 6.564 {t, J=4.5, 18]}, 4073 (t, J=4.0, I=4.5, 4¥0), 3.672 (1, I=4.0, J=4.5, 450,
Suoethyh-Gobenyb - (depyvimidinSovipiperazin- L-vDipyridazine W01.2-1518RM)

Into a reaction tube were added MWO1-6-127TWH (1.4g, 4.0mmel), K2C03 powder {1.7g,
12 4mmol), Pd{dppf)CI2 (326mg, 0.4mmol), silver oxide (2.3g, 10mumol), methylboronic acid
(324mg, S4mmol} end 20ml of THE. Argon was then flushed through the tube for 3min. The
tube was then sealed tightly and heated with stiring at 80 degree for 12h. After cooled down,

the mixture was quenched with 10% NaOH solution and extracted with othyl acetate. The
organic phase was concentrated in vacuo and the residue was pucified by column
chromatography eluting with 1:4, Hihyl Acetate: Petroleum other. White powder solid was
obtained (0.60g, 1.8mmol, yield 45.2%). ESI-MS: wiz 33234 (VHL). 1H NMER €CDOIR):
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8.380 (4, F=3.0, 2HD, 7.065 (4, I=7.0, 21, 7.626 (s, 1H), 7473 (m, 3HY 8,567 (1, I=4.5, }=3.0,

1H), 4.036 (1, 1=5.0, 4H), 3.475 (1, I=5.0, 45, 2.456 (s, 35).

Scheme 3

Into a reaction tube were added MWOL-6-127WH (1.4, 4.0mmol), K2C03 powder (1.7g,
12.4mmel}, PAPPha)y Q40me, 0.2mmol), silver oxide (2.3g, Hmmol}, methylboronie acid
{324mg, 5.4mmol} and 20ml of DME. Argon was then flushed through the tube for 3min. The
tube was then sealed tightly and heated with stimning at 120°C for 24h. After cooled down, the
mixture was filter through acelite sarth, the filirate was then concentrated and the recidue was
purified by column chromatography eluting with 1:4, Fithyl Acetate: Petroleum ether. White
powder solid was obtained (0.64g, 1.93mmol, yield 48.1%). BSIMS: miz 333.4 (M+H+). 18
NMR {CDCI3): d 8.380 (d, 1=5.0, ZH), 7.065 (d, I=7.0, 2H), 7.626 (s, 1H), 7.473 (m, 31D, 6.567
(¢, J=4.5, J=5.0, 1H), 4.036 (¢, J=5.0, 4H), 3.475 (1, J=5.0, 45), 2456 (5, 3H),

Seheme 3

4. 3-dihvdro-bmethyl-Grpbonyipyiidesie 30 -one (M WO L-8-004WED

777 g (40 mmole) of Z-methyl-d-oxo-4-phenvibutanoic acid was added to a 100 ml single-

secked round bottom flask followed by 3.0 ml (60 mmole) of hydrazine monohydrale and then
20 mi of reagent grade ethanel (100%, 95% of ethano! should be fine also). The flask wes fitted
with a reflux condenser and the reacion mixture was heated to reflux in an off bath at 110 C
{temperature of oil bath) and stirred for 2 b, The flask was then removed from the oil bath snd
the reaction mixture cooled to ambiont temperature. The stir har was removed and the salvent
was evaporated in vacuo in a water bath at 45°C. The residue was then ireated with 50 ml of
Milli-(} water and stirred for 10 minutes to give s suspension. The precipitste was collected by
filtering, washed with 100 m! of 2N NaHCQ., then washed with 60 ml Milli-Q) water three
timee, and dried over a medium frit sintered glass funne!l in vacus to give 7.15 g of white
crystals (Syn. ID, WH-8-004), Yield, 95%, confirmed by BST-MS. BSL-MS: m/z 189.2 M+H+).
Sometivd-GephenyvipyodarindeHone (IWOL-L-008WED

7.0 g {35 mmole} of MW01-8-004WH was placed in a 100 mi single-necked round bottom flask
followed by 8.4 ¢ (70 mmole} of ankydrous copper (1) chloride and then 30 ml of acetonitrile to

give a brown yellow suspension. A reflux condenser was connected to the flask and a dry tube -
filled with CaCl2 was ftied to the top of the condenser. The reaction nixtars was heated to
reflux in an ol bath (110°C) for 3 h. The color of the reaction suspension changed fo dark
yellow once the reflux started. After the completion of the reaction {(monitored by HPLO), the
flask was removed from the ofl bath and cooled to ambient temperature. The mixture was

potred on to 30z of crushed ice and stirred vigorously for 10 minutes to give a gray precipitate
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and blue liguid. The precipitate was then collected by filtering (pH of the filtrate was 1.5-2.0),

and washed with 100 nd of a 1IN HCI solution to rid the solid of any remuining copper
byproducts. This is followed by washing with 100 mi of Milli-Q water to got rid of the acid in
the solid, and is monitored by checking the pH value of the filtrate. The solid was washed until
the filtrate shows a pH of 7, after approximately § washes. The solid was dried over & medium
trit sintered glass funnel in vacuo to give 6.3 g of a blue gray solid. Yicld was 96.7% and
confirmed by BSI-MS. BSLMS: m/z 187.3 (M+H+).
3-chioro~-d-methvl-G-ohenvipyvridazine(MWOIL-2-012WID

6.0 g (32 mmele) of MWOI-8-008WH and 30 ml (320 mmole} of phosphorus oxyehloride wers

placed in 2 100 m! single-necked round bottom flask. The flask was connectsd with a refiux
condenser and a dry tube filed with anhydrots CaCly was fitted to the top of the condenser.
{(HCT gas is formed in the reaction so a basic solution such as NaOH may be needed to sbsorb
HCl in a large-scale synthesis). The reaction mixture wus sticved i an ofl bath (90°C) for 2 k,
then cooled to ambient temperature and poured onto crushed ice. (phosphoras oxychloride can
be decomposed by water to give HCI and HaPOg). The mixture was then stirred vigorously for
10 roinuwies to give a whitc suspension, The suspension was noutralized with a 2N NaOQH
sointion uatll the pH of the suspension was pH = 7. The precipitate was filtered, washed three
times with 100 ml of Milli-Q water and dried over a medium frit sintersd glass funnel In vacuo
to provide 5.9 g of a Hght pink powder (Syn. ID, WH-8-012). Yield was 89.4% and confirmed
by ESI-MS. EST-MS: m/z 205.4 (MaH+).

Zf-{d-methvi-G-phenvipyiidazin-3-vipiperszin- - vDipvrimidine (MWOL2-1S18RMD

0.82 g (4.0mmole) of WH-8-012 was placed in a 30 o pressure vessel followed by addition of

2.6 g (16 0mmole) of 1-(Z-pyrdmidyl) piperazine and then 15 ml of 1-BuQEL The vessel was
sealed Hghily and placed into an oil bath and stirred at 130 C (temperature of oil bath) for 2.3
days. The reaction mixture was then cooled to ambient temperature and transferred to a single-
necked flesk for evaporation under reduced pressure. Removal of solvent gave rise to a brown-
red residue that was treated with 30 ml of water to give a brown sticky oil. The mixture was
kept at ambient temperature overnight while the oil solidified gradually. The formed solid was
then broken into small pieces with a steel spatula. The solid was collected by filtering and
washed with 50 ml of Milli-Q water three times and dried over a filter funnel in vacuo o
provide 123 g of light yellow solid (Syn. 1D, WH-R-020). Vield was 94%. (Aliernative
separation is to use precipitation procedurs instead of solidification process. Solidification is a
simple and cheap operation, yet ime-consuming, Precipitation is time efficient, yet more costly

than the former one. 8o # is up to the provess chemist to decide which procedure to pick for the
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manufacture. The precipilation process iz below: The oil product was dissclved completely in

10yl of reagent grade cthanol or acetone to formn a solution. The solution was then added
dropwise to 150 ml of ive water under vigorous stiring. Light yellow suspension was then
formed gradually. The solid was collected by filtering, washed with Milli-Q water, dried over
filter fopmel in vacue to give the desired product.) The final compound was confirmed by ESI-
M5 and NMR. BESEMS: m/z 333.8 (M43, 1H NMR (CDCI3): d 8.380 (d, }=5.0, 2H), 7.065
{d, I=7.0, 2H), 7.62G (s, 1H}, 7473 {m, 3H), 6.367 (t, I=4.5, I=5.0, 1H), 4.056 (4, I=5.0, 4H),
3473 (1, J=50, 4H), 2456 (3, 3H).

Sxample 32 Frepartion of d.8-diphenylbd-dd-pyrimidin-Zvhnhnaresin-vDovridasing
{MWal-S-188WH),
4.6-diphenyl-3-(4-pyrimidin-2-yipiperazin-1-ylipyridazive (MW01-5-188WH) was prepared by

several synthetic schemes as depicted in Figure 16 (Schemwe 1), Fguwre 17 (Scheme 2), and
Figure 18 {Scheme 3} which were carded out a5 described in detsil hersin, The various
reaction schemes (Scheroes 1, 2, and 3) are generally applicable to the compounds of the present
invention and are not restricted in utility only to the prepacation of MW0O1-2-188WH.

Beheme §

S-chiore-S-phenyvipyidazind-ol was synthesized according to the procedure described by

Coudert, P., et al. {18},

The compound was prepared from 3-chloro-4-hydroxy-6-phenylpyridazine (14g, 68mmol). A
mixture of 3-chloro-46-diphenyipyridazine (267mg, 1.0mmol), 1-(Z-pyrimidylipiperazine
(636mg, 4.0ounal) in 3mi of 1-BuOH was heated with stirring at 130°C for 3days. The solvent

was removed by evaporation in vacuo, the residue was treated with water to give a suspension.

The solid was then filtered off, washed with water, dried over filter funnel in vacuo to give light
pink solid. yielding white solid (22.1g, 66mmol, 97.3%). BESLMS: mfz 3352 Qd+H+). 1H
NMR (DMSO): 1H NMR (DMSO): d 8406 (d, J=6.5, 2H), 7.740 (4, I=4.0, 2H), 7.558 (s, 3H),
6.686 {t, J=4.8, J=4.4, 1H), 6.841 (s, 1H), 3.881 (s, 4H), 3.620 (s, 4FD), 3.776 (s, 4H).

6-phenyl-3-(4-pyrimidin-2-ylpiperazin-1-ylpyrdazin-d-ol (22.0g, 66mmol) was suspended in
785mi phosphorue oxychlotide and heated with stirring st 100°C for 3h. After cooling to room
emperatore the mixture was poured onfo crushed ica; The mixture was then neutralized with
NaOH solution to give white suspension. The precipitation was filtered off, washed with water,
dried over filtsr funuel to provide white solid (21.3g, 60.3mmol, 91.4%), BSI-MS: mvz 353.4
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(MeHy. TH NMR (CDCI3): d 8.377 (d, T=4.5, 2Hj, 8.036 (d, J=7.5, 25D, 7.833 (&, 1H), 7.508

{m, 3H), 6.564 (¢, J=4.53, 15, 4.073 {1, J=4.0, J=4.5, 48}, 3.672 (i, I=4.8, J=4.5, 4H.
4.5-diphenyh-3-{4-pyrimidin-2-vipiperazin. - vimvridagine MWO1-5-188WED

A mixture of 3-chloro-4.6-diphenylpyridazine (267mg, 1.0mmol), 1-{2-pyrimidyDpiperazine
{65610g, 4.0mmol} in 3wl of 1-BuOH was heated with stivdng at 130°C for 3days. The solvent
was removed by evaporation in vacuo, the residue was treated with water to give 8 suspension.
The solid was then filtered off, washed with water, dried over filter funnel jn vacuo to give light
pink =elid. (320mg, 0.Blmmol, yvield 81.1%) ESEMS: m/z 395.5 (Ma+H+). HRMS caled
39519789, found 395.1973; 1H NMR (CDCI3): d 8.329 (4, I=5.0, 2H), 8.101 (4, I=7.5, 21D,
7734 (d, 3=7.5, 2H), 7.635 (5, 1HD, 7.509 (m, 6H), 6.530 (t, F=4.5, 1H), 3.836 (1, J=4.5, }=5.0,
48, 3.394 {1, F=5.0, J=4.5, 4H.

Scheme 2

4. S-dihvdro-S-phenvi-d-phenvipwddarin-303 v one

135 ml (135 nmumole) of & solution of phenvimagnesium bromide (1M} in THF was added to a
hot suspension of 6-phenylpyridazinone compound 7.8g (45 mmole) in dry toluene {50 ml). The
mixture was refhuxed for 8h, left overnight at ambient teroperature, then decomposed with a
saturated solution of amumonium chlogide. The organic layer was separated, and the agucous
layer was extracted with 100ml of ethyl acetate. The solvent was removed and the residue was
crystaliized from ethanol. The orystals were collected by filtering and dried over a medivm frit
sintered glass funnel in vacuo to give 5.6 g of whits cryatals. Yield was 50%, confirmed by ESI-
M3, ESL-MS: iz 250.1 (MeHw).

f-phenyi-4-phenyvipydderin A2 one

4.4 g (17.5 numole} of 6-pyridazinone obtained sbove was placed in a 50 ml single-necked
round bottorn flask followed by 4.7 g (35 mmele) of anhydrous copper (1) chloride and then 20
ml of acetonitiile to give 2 brown yellow suspension, A reflux condenser was connected to the
flagk and a dry tube filled with CaClZ was fitted io the top of the condenser. The reaction
mixtitre was heated fo reflux in an ol bath (110 ) for 3 h. The color of the reaction
suspension changed to dark yellow once the reflux started. After the completion of the reaction
{monitored by HPLL), the flagsk was removed from the oil bath and cooled to ambient
temperature. The mixture was poured on to 200 g of crushed ice and stirred vigorousty for 10
minutes {o give a gray precipitate and blue lquid.  The precipitate was then collected by
filtering (pH of the filtrate was 1.5-2.0), snd washed with 50 ml of a 1N HOL solution to 1id the
solid of any remaining copper byproducts.  This is followed by washing with 100 ml of MEIE-Q

water to get rid of the acid in the solid, and is monitored by checking the pH value of the filirate.
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The solid was washed until the filtrate shows a pH of 7, after approximately § washes. The solid
was dried over a medium frit sintered glass fimnel o vacuo to give 3.9 g of a blue gray solid.
Yield was 90%, confirmed by ESL-MS. ESE-MS: m/2 248.1 (M+H+).

3-chlor-S-ohenvi-d-phenvipyridazine

2.0 g (8 mmeole) of 6-phenylpyridazinone obtained sbove and 10 mml {54 mmole) of phosphorus
oxychloride (reagent grade, Aldrich) were placed in & 50 ml single-necked round hottom flask,
The flask was connected with a reflux condenser and a dry tube filled with CaCl2 was fitted to
the top of the condenser. (HIC! gas is formed in the reaction so a basic solution such as Na(GH
may be needed to absorb HCI in & large-soale synthesis). The reaction mixture was stirved in an
il hath (80 ©) for 2 h, then cooled to ambdent lemperature snd poured onto crushed ice.
{phosphorus oxychloride can be decomposed by water o give HCI and HAPO4), The mixturs
was then stirred vigorously for 10 minutes to give a white suspension. The suspension was
nentralized with a 2N NaOH solution until the pH of the suspension was pH = 7. The
precipitate was filtered, washed three times with 100 ml of water and dried over a mediwn frit
gintered glass funmel in vacuo fo provide 1.8 g of a Hght pink powder. Yield was B5%,
confirmed by BSEMS. HSI-MS: m/z 266 4 (M+H+).

3-{4-{G-vhenvi-d-vhenvipvidesin 2-vDntperazin- Lvlipyrimiding

1.1 g (4.0mmole) of 3-chlotopyridazine obtained above was placed in 2 30 mi pressine vessed
followed by addition of 2.6 g (16.0mumole) of 1-(2-pyrimidyl) piperazine and then 15 ml of 1-
BuOH (reagent grade). The vessel was sealed tightly and placed into an oil bath and stirced at
130°C (levoperature of oil bath) for 3 days. The reaction mixture was then cooled to ambient
temperature and transferred to a single-necked flask for evaporation under reduced prossurs.
Rernoval of solvent gave rise to a brown-red residue that was treated with 30 md of water 1o give
a brown suspension. The solid was collected by filtering and washed with 50 . of water three
timnes and dried over a filter funnel in vacus to provide 0.96 g of light yellow solid. Yield was
90%, BSI-MS: m/z 385.5 (M4, HRMS caled 395.1979, found 395.1973; 1H NMR {COC3):
d 8.329 {d, J=5.0, 2H), 8.101 {d, }=7.5, 2H), 7.734 (d, J=7.5, 2H), 7.635 (s, 1H), 7.509 {m, 65},
6.530 (1, I=4.5, 19}, 3.836 (¢, T=4.5, J=5.0, 4H), 3.394 (t, J=3.0, J=4.5, 4H).

Seheme 3

J-chlora-Sohenvipyridazind-ol was synthesized according to the proceduss described by
Coudext, P., et al. [18].

4 6-diphenyl-3-{4-pyrimidin-2-vipiperazin-1-yDpyridazine (MW01-3-188WH)

A mixtwe of 3-chlore-4.6-diphenylpyridazine (267mg, 1.0mumol), 1-(2-pyrimidyDpiperazine
(656mg, 4.0mmol) in 3ml of 1-BuOH wes heated with stirring at 130 Cfor Adays, The solvent
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was removed by evaporation in vacuo, the residue was treated with water to give a suspension.

The solid was then filtered off, washed with water, dried over filter funnel in vacuo to give light
pink solid. (320mg, ¢.81mumol, yield 81.1%) BSLMS: miz 3955 (M+H+). HRMS caled
395.1979, found 395.1973; 1H NMR (CDCI3): d 8.329 (d, 1=5.0, 2H), 8.101 (4, ¥=7.5, ZH),
7734 (4, J=1.5, 25D, 7.655 (s, 1H}, 7.509 (m, 6H), 6.530 (t, F=4.5, 15D, 3.836 (t, J=4.5, J=5.0,
4H), 3.394 (¢, I=5.0, I=4.5, 4H}.

Exampls 13 Prepartion  of  d-wwvridvi-G-phenyl-3-(d-pyrimidin-2-viniperazin. 1«
yipyridazins (MWH1-6-1809WH. :
Sepryridyl-6-phenyl-3-(4-pyomidin-2-vipiperazin- IyDpvridazine  (MWOL-6-189WID  was

prepared by two synthetic schernes as depicted in Figure 192 and 19b, which were carried out as
described in detall herein. The various reaction schemes {Schemes I and 2) are generally
applicable to the compounds of the present invention and are not restricted in utility only to the
preparation of MWO1-2-189WH,

Scheme 1

S-cidono-Gphenvipuridazind.ol was synthesized accordin g to the procedure described by
Coudert, P, et al. [18].

S-phenyvh-2-{4-(pveimidin-2-vipiperarin IovDpvridasin-d-ol (MWOL-7-120WE)

This compound was prepared from 3-chloro-4-hydroxy-6-phenyipyridazine (14g, 68mmol} A
mixture of 3-chloro-4.G-diphenylpyridazine (267mg, 1.0mmel), 1-2-pyrimidylipiperazive
{656mg, 4.0munl} in 3ml of 1-BuH was heated with stirring at 130°C for 3days. The solvent
was remaved by evaporation in vacno, the residue was treated with water to give a suspension.
The solid was then filtered off, washed with water, dried over filter funnel in vacuo to give light
pink solid. vielding white solid (22.1g, 66mumol, 97.3%), BSL-MS: miz 3352 (M+H+). 1H
NMER (DMBQ): 1H NMR (DMSO) d 8406 (4, 1=6.5, 2H), 7.740 (d, T=4.0, 2H), 7.558 (s, 3H),
6.686 (1, J=4.8, J=4.4, 1H}, 6.841 (5, 1H), 3.881 (s, 4H), 3.620 (s, 45D, 3.776 (s, 410

4A-chlpre-G-phenyl-3-{tbowinidinvipiperasin- I-vDoyridasine (MWOL-6-19TWED

6-phenyl-3-(4-pyrimidin-2-yipiperazin-1-yDpyridazin-4-ol 1k (220, 66mmol} was suspended
in 73ml phosphorus oxychloride and heated with stirring at 100 for 3h. After cooling to room
teenperature the mixture was powed onto crushed ice. The mixture was then newiralized with
NaOH solution to give white suspension. The precipitation was filtered off, washed with water,
dried over filter fumnel to provide white solid (21.3g, 60.3mumol, 81.4%). ESI-MS: m/z 353.4
(MHE). 1H NMR (CDCE3): d 8377 (4, 1=4.5, 2H), 8036 {4, J=7.5, 21D, 7.833 (s, 1K), 7.508
{m, 3H), 6.564 (¢, J=4.5, 1H), 4073 (&, J=4.0, J=d 5, 45D, 3.672 @, J=4.0, J=4.3, 4H).
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depvridyvl-tphenvl3-Goovimidin-2 vininerazin- I-vhpyridazine MWEIL-8-189WED

Into a reaction twhe were added WH-6-127 (1.4g, 4.0mmol), K2003 powder (1.7g, 12.4mmol},
PA(PPh3M (240mg, 0.2mmol), 4-pyridineboronic acid {664mg, S.4mmol} and 20mi of DME.
Argon was then flushed through the tube for 3min. The tube was then sealed tightly and heated

with stiring at 120 degres for 24h. After cooled down, the mixture was filter through a celite
carth, the filtrate was then concentrated and the residue was purified by coluran chromatography
ehuting with 1:4, Xthyl Acetate: Petroleum sther, Light vellow needle crystals were obigined
{L.65g, 1.65mmol, vield 41.2%). Confirmed by ESLMS and NMR. BESLMS: miz 396.2
(M+E+). TH NMR (CDCI3): d 8.809 (d, I=6.0, 2H), 8.335 {d, 3=5.0, ZI}, 8.090 {4, I=7.5, 2,
7750 (m, 6H), 6.543 {t, J=4.5, 1H), 3.868 (1, J=5.0, 45D, 3.404 (£, I=5.0, 43,

Scheme 2

4.5-dihydro-G-phenvl-4-(pyridin-4-vDipyridazin-3( 2 -one

To a 260 rol, three-necked, round-bottomed flask equipped with a magnetic stiv bar, 150 mi

pressure-squalizing addition funnel, reflux condenser and a glass stopper, was added 21 g (135
mmole} of 4-bromopyridine and 70 of anhydrous THE. The system was oven-dried and flushed
with argon before use. 135 ml (135 mmole) of THF solution of phenylmagnesinm bromide (1M}
was placed in the pressure-equalizing addition funnel, Then, the grignard solnotion was added
dropwise over a period of 10 minutes. After the addition, the reaction was stisred for 15 minutes
for completion. The solution of Grignard reagent was then obtained. A solution of 4-
pyridylmagnesium  bromide obtained sbave was added to a hot suspension of 6-
phenyipyridazinons compound 7.8z (45 nunole} in dry toluene (50 mi). The mixture was
refluxed for 8h, left overnight at ambient temperature, then decomposed with a saturated
solution of ammontum chiloride. The organic layer was separated, and the agueous layer was
extracted with 100ml of ethyl acetate. The solvent was removed and the residue was crystallized
from ethanol. The crystals were collected by filtering and dried over a medium fit sintered glass
fonnel in vacuo to give 5.6 g of white crystals. Yield was 30%, confirmed by BESLI-MS. BSL-MS:
wfz 252.1 (ML

G-phenyi-4-(pyridin-4-yDpvridazin- 32 -one

44 g (17.5 mmole) of G-pyridazinone obtained above was placed in & 50 ml single-necked
round bottom flask fellowed by 4.7 g (35 mmole} of anhydrons copper (ID) chloride and then 20
ml of acetonitrile to give a brown yellow suspension. A reflux condenser was connected to the
flask and a dry tube filled with CaCl2 was fitted to the top of the condenser. The reaction
mixfure was heated to reflux in an oil bath (110 C} for 3 b The color of the reaction

suspension changed to dark yellow once the reflux started. After the completion of the reaction
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{momitored by HPLC), the flask was remaoved from the ofl bath and cooled to ambient

teroperature. The mixture was poured on to 200 g of crushed ice and stirred vigovously for 10
minutes to give a gray precipitate and blue Hquid. The precipitate was then collected by
filtering (pH of the filtrate was 1.5-2.0), and washed with 50 mi of a 1N HC solution o rid the
solid of any remaining copper byproducts. This is followed by washing with 100 ml of Milli-Q
water to get rid of the acid in the solid, and is monitored by checking the pH value of the filtrate.
The solid was washed until the filtrate shows a pF of 7, after approximately 5 washes. The solid
was dried over a mediom frit sintered glass funnel in vacuo to give 3.9 g of 2 blue gray solid.
Yicld was 90%, confirmed by BSEMS. ESI-MS: m/z 2501 (M),

3-chiore-G-phenvl-4-{pvidin- & vinvidazing

2.0 g (8 mmole} of 6-phenylpyridazinone obtained above and 10 vl (34 rmole) of phosphors
oxyehicride (reagent grade, Aldrich) were placed in a 30 nd single-necked round bottom flask.
The flask was connected with a reflux condenser and a drv tube filled with Cal12 was fitted to
the top of the condenser. (HCT gas is formed in the reaction so a basic solution such as NaOH
may be needed to absorb HU in g lasge-scale synthesis). The reaction mixture was stirted in an
oil bath (80 C) for 2 h, then cooled to ambient tempersture and poured onte crushed ice,
{phosphorug oxychloride can be decomposed by water to give HCI and H3PO4). The mixiure
was then stirred vigorously for 10 minutes to give a white suspension. The suspension was
neutralized with a 2N NaOH solution until the pH of the suspension was pH = 7. The
precipitate was filtered, washed three times with 100 mil of water and dried over @ medium it
sinteyed glass funnel in vacuo to provide 1.8 g of g light pink powder. Yield was 85%,
confirmed by HSI-MS. BSL-MS: m/z 268.4 (M+H4),
4-pyridyl-S-phenvi-3-{Grpurimidin-2-viptverazin- LovDoveiduine (MW01-6-180WED

L1 g {4.0ouncle) of 3-chloropyridazine obtained above was placed in a 30 ml pressure vessel
foltowed by addition of 2.6 g (16.0mmole) of I-(2-pyrimidyl) piperazine and then 15 mi of 1-
BuOH (reagent grade). The vessel was sealed tightly and placed into an oil bath and stirred at
130°C (temaperature of ofl bath) for 3 days. The reaction mixture was then cooled to ambient
ternpersture and transferred to 2 single-necked flask for evaporstion under reduced pressurs.
Removal of solvent gave rise to a brownered residue that was treated with 30 mi of water to give
a brown suspension. The solid was collected by filtering and washed with 50 mL. of water three
times and deied over & filter funnel in vacuo to provide 0.96 g of light yellow solid. Yield was
90%, confirmed by EST-MS and NMR. BSI-MS: nvz 396.2 (M+H+). 1H NMR (CDCI3): 4
R.809 (d, J=6.0, 2H), 8.335 (d, }=5.0, 21D, 8.090 (4, I=7.5, 78D, 7.750 (m, 6H), 6.543 (1, J=4.5,
1ED, 3.868 1, J=5.0, 4H), 3.404 (1, }=5.0, 41D,
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Example 14, Trepgration of dédivhenyb3-(d-phenviviperagin Lyhovridasine (MWHLT-
SI0WH

A synihetic reaction scheme for the preparation of 4,6-diphenyl-3-(4-phenyipiperazin-1-

yhpyridazine (MWOL-7-020WHD) is depicted in Figure 20, and synthesis was carried out as
described herein. The compound was prepared from 3-chloro-4,6-diphenylpyridazine (100mg,
0.37mmol) in the sarne manner as described for MWO01-7-057WH, yvielding white solid (123mg,
8.2 mmol, 83.1%). ESI-MS: oz 393.2 (M+H+), NMR (CDCI3): 4 8.107 (@, I=8.0, 2H), 7.736
{4, I=7.5, 28, 7.651 {5, LH), 7.500 (m, SH), 7.2820 (¢, J=8.5, F=6.5, 3H), 6.998 (d, I=7.5, 2H),
6.899 (1, I=7.0, 1H), 3487 (s, 4H), 3.214 (s, 4H).

Zxample 18, Preparation of 4.6-diphenvb b emethvlpineragin--vDinerilazine (MW0IT-

827R-WHD,

A synthetic reaction scheme for the preparation of 4,6-diphenyl-3-{4-methylpiperazin-1-

ylpyiidazine (MWO1-7-0278-WH) is depicted in Figure 21, and synthesis was carried out as
described horein. The compound was prepared from 3-chloro-4 8-diphenyipyridazine (100mg,
{.37mmal)} io the same manner as described for MWO1-7-05TWH, yielding white solid (118mg,
§.35mmol, 54.3%). EST-MS: m/z 3311 (M+H+) NMR (CDCI3): d 8.089 (d, J1=7.5, 2H), 7.643
(d, }=7.5, 2H), 7.611 {s. 13}, 7.510 {m, 6H), 3.365 (s, 3H), 2.472 (s, 41, 2.337 (g, 45D,

Exwnple 16, Preparation sf dé&-diphenybd-(Geovclohexyvipiperasine Lyvovridazine
OWEL-3-0638HAG
A synthetic reaction scheme for the preparation of 4,6-diphenyi-3-{4-cyclohexyipiperazin-1-

yhpyridazine (MWOI-3-0655RM) is depicted in Figure 22, and synthesis was carried out as
described herein.  The compound was prepared from  3-chioro-4,6-diphenylpyridazine
(300mg, 1. Immol} in the same manner as deseribed for MWO1-7-037WH, vielding white solid
(330mg, 0.87mmol, 87%). BSI-MS: m/z 399.2 (M+H+). 1H NMR (CDCI3Y: 4 8.09 {4, I=7.5,
2H), 7.68 (4, J=7.5, 28D, 7.59 (s, 1ED}, 7.56-7.42 (m, 6, 3.39 (s, 4H), 2.62 (5, 4H), 2.273(s,
1H), 2.01-1.78 {m, 4H), 1.83 (d, J=12.5, 1H}, 1.33-1.08 (m, 5H).

A synthelic reaction scheme for the preparation of 4.6-diphenyl-3-(4-isopropylpiperazin-I-
yhpyridazine (MWO01-3-0665RM) is depicted in Pigure 23, and synthesis was carried out as
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described herein. The compound was prepared from 3-chloro-4,6-diphenylpyridazine (300mg,

L. Emunol} in the same manver as described for MWD1I-7-0857WH, vielding white solid (290mg,
0.8 lumel, 72%). miz 358.2 (MaH+). TH NME (CDCIE): 4 809 ¢4, I= 7.5, 2H), 7.69 (4, I=7.5,
2H}, 7.61 (3, 1H), 7.54-746 {m, 6H), 3.40 (s, 410, 2.72(m, 1H), 2.59 (5, 4HD), 1.10 (@, I=6, 6H).

Exsnple 318, Prepavation of 4 S-divhenyl-3-piverazinvinveidesive MWHL-113WE

A synthetic reaction scheme for the prepacation of 4,6-diphenyl-3-pipecazinylpyridazine

(MWO1L-7-133WH) is depicted in Figure 24, and synthesis was carried out as described herein.

The compound was prepared from 3-chloro-4,6-diphenylpyridazine (533mg, 20mmole) in the

same manner as described for MWOL-7-05TWH, vielding light yellow sofid (550mg,
17 Ammole, yield 86.9%). EST-MS: m/z 317.3 (ME4). TH NMR (CDCI3): d 8.086 (d, I=7.5,
2H), 7.705 (4, 3=7.5, 2H), 1.619 (s, 1H), 7.498 (m, 6H), 3.318 (d, J=4.0, 43D, 2.932 {d, 1=4.0,
4H) 1.896 (3, 1H

A synthetic reaction scheme for the preparstion of 2-(4-(6-phenyl-4-(piperidin-1-yDpyridazin-3-
yDpiperazin-l-yDpyrimidine (MWO1-7-107WH]} {5 depicted in Figure 25, and synthesis was
carried out as described herein. The compound was prepared from MWO0L-6-12TWH (200mg,
.57mmole) in the same manner as desceribed for MWOL-7-05TWH, violding lght vellow solid
(220mg, 0.55mmole, yield 96.3%). BSI-MS: m/z 402.5 (M+H+).

Hxemple 20, Prevarstion of Swethvb-dopbenyl 3 @ovrintdind vintoerarie L
yvhpyridazine MWEL-T-087)
A synthetic reaction scheme for the preparation of6-methyl-4-phenyl-3-(d-pyrimidin-2-

yipiperazin-1-ylpyrdazine (MWO1-7-057) is depicied in Figure 26, and synthesis was carried
out as described herein. A mixture of 3-chlore-6-methyl-4-phenylpyridazine (100mg,
0.5mmol), 1-(2-pyrimidyDpiperazine (400me, 2.0mmel) in 3ml of 1-BuOH wss hested with
stitring at 130 C for 7days. The solvent was removed by evaporation in vacuo, the residue was
treated with water to give a suspension. The solid was then filtersd off, washed with water, then
13, Ethyl Acetate: Petroleum sther, dried over filter funnel in vacuo to give lght yellow aolid
{68mag, 0.20mmol, vield 41.7%). Purity »95%; ESIMS: mfz 3351 (M«+H+). 1H NMR
{CDCI3) d 8318 (d, J=3.0, 2H), 7.678 (4, 3=7.5, 2H), 7.476 (m, 3H), 7.119 (s, F), 6.309 &,
¥=4.5, 1H), 3785 (¢, I=4.5, J=5.0, 4H}), 3277 (¢, I=4.5, J=5.0, 4H), 2.669 (s, 3H.
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Example 21 Preparation of Z-Evgs@»(%?mstshaﬁwﬁuﬁn{"gswﬁgi‘iﬁwéwi‘sg}wiﬁmm~3wi}§3§mm§§§u§.m
shipyrimidine (WL 18TAS)
A synthetic reaction scheme for the preparation of 2-{4-{ S-phenyl-6-(pyridin-4-y1)pyridazin-3-

yhipiperazin-1-ylpyrimidine (MW01-2-163MAS) is depicted in Figure 27, and synthesis was
carried ont as described heyein

L dibydro-4-phenylpyridazine.3 f-dione (MWL 2-07TA-MAD

4.0 g (23 mmole) of 3-phenyifuran-2 S-dione was added to a 100 mi single-necked round
bottomn flagk followed by 2.9z (27.6 mmole) of hydrazine monohydrate and then 20 ml of

reagent grade ethanol (95%). The flask was fitted with 2 reflux condenser and the feaction
mixture was heated to reflux in an oil bath at 110 degree (temperature of oil bath) and stiveed for
2 I The flask was then removed from the ofl bath and the rosction mixture cooled to ambient
temperature. The stir bar was remaved and the solvent was evaporated in vacuo in 8 water bath
at 43 degree, The residue was then treated with 50 ml of MO water and stizred for 10
minutes 0 give a suspension. The precipitate was collected by filtering, washed with 100 ml of
Milli-Q) water, and dried over 2 medium frit sintered glass funnel in vacuo to give 3.9g of white
solid. Yield, %1%, confirmed by ESI-MS3. BSI-MS: mv/z 180.2 (M+H).
J&-dichioro-$ohenvipyridazine (MW01 2R A-MAR

1.5 g (8 mmole) of 6-phenylpyridazinene obtained above and 10 ml {54 wmole) of phosphorus
oxychloride {rea:gam grade, Aldrich) were placed in 2 30 ml single-necked round bottorn Hask.
The flask was connected with g reflux condenser and a dry tube filled with CaCl2 was fitted to
the top of the condenser. (HCT gas is formed in the reaction 5o a hasic solution such as NadH
may be needed to absorb HCI in 2 large-scale synthesis), The reaction mixture wag stirred in an
oil bath (80°C) for 2 &, then cocled to ambient temperatore and ponred onto crushed ice.
{phosphorus oxyehloride can be deccmposed by water to give HCL and HAPO4). The mixture
was then stirred vigorously for 10 minutes to give & white suspension. The suspension was
neuiralized with a 2N NaOH solution until the pH of the suspension wag pH = 7. The
precipitate was filtered, washed three times with 100 m! of water and dried over & medinm {rit
sintered glass funnel in vacuo to provide 1.5 g of 8 white solid. Yield was 85%, confirmed by
BSI-MS. ESI-MS: nvz 226.1 (M+¥),

LG chloro-Sphenvipvridezin-3-vDotverazin-1-vDovimidine AAWO-2- 1148 MAD

A mixture of 3,6-dichloro-4-phenyipyridazine ( 1.35g. bromol), 1-(2-pyrimidylipiperazine (1.2g,
6.0mmol} In 10ml of 1BuOH was heated with stirring at 80°C for 12h. The solvent was

removed by evaporation in vacuo, the residue was treated with water to give a sugpension. The
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solid was then Sltered off, washed with water, dried over filter funnel in vacuo to givewhits

solid {1.8g, 5.2mmol, yield 86.0%). ESI-MS: m/z 353, g,
2:(4-(5-phenvl-6-(pyridin-4-yDpyridazin-3-vDpiperazin-1-vDoyrimidine (MWO1-2- 163MAS)
Into a reaction tube were added MW01-2-114B-MAS {1.dg, 4.0mmol), KoCOy powder (1.7g,
12.4mumol), PA(PPR3M (240mg, 0.2mmol), 4-pyridineboronic acid (664mg, 5.4nwnol) and 20mi
of DME. Argon was then flushed through the tube for 3min, The tube was then sealed tightly

and heated with stirring at 120°C for 24h. After cooled down, the mixture was filter through a
celite ecarth, the filtrate was then concentrated and the residue was purified by column
chromatography eluting with 1:4, Bthyl Acetate: Petroleum ether. Light yellow needle crystals
were obtained (D.68g, 1.74mmol, yield 43.5%). Confirmed by ESI-MS and NMR. BESE-MS: w/z
396.2 (MaHD).

Exavaple 33, Proparation of Nw{ﬁvd@ggmggﬁm&%ﬁwi}»ﬁumﬁemi«@u{mwﬁﬁiﬁg«@mﬁ}ﬁwﬁﬁe@gm-%«
anine (AEWEL-7-084%
A synthetic reaction scheme for the proparation of A- ~{eyclopropylmethyl)-6-phenyi-4-(pyridin-

4-yDpyridazin-3-amine (MW01-7-084WH is depicted in Figure 28, and synthesis was cartied
out as describsd herein,

dghloro-6-phenvipyridarin-328 -one. (MWOL-6-083WEHD was synthesized according to the
pracedure described by Coudert, P, o1 al. [18].

d-chloro-2-(methoxyioethv-6-phenyvipyridarin-3 (2 -one MWOLT-053WID

A mixture of chioropyridazinone 1 (25.5 g, 0.12mol), 4-N,N-dimethylaminopyridine (0.20 £)
and -PraNEBt (26.7g, 0.21mel) in anhydrous CH2CI2 (3001} was stirred at 0 i8C (ioe bath) for
30 min. Methoxymethyl chloride {25g, 0.31mol) was added and the mixture was stired at (°C

for 1h and then allowed to warm to «. & The reaction was strirred at ¢t til} it coroplete. The
solvent was then removed in vacuo, the residue was treated with water, washed with dilute
NaUO; solution and extracted with EiQAc, The organic layer was dried over anhydrous
NapB80y, filtered and evaporated. The residue was then purified by recrystallization from 93%
ethanol to give 20.1 light vellow solid. Vield 66.9%.

Sphenvbd-fowidin-dvhipyridenin A2 M ane MWL 08TWIHS

The protecied pyridazinone MWOL-7-053WH {LOequiv.) was mixed with acylboronic cid
(1.37equiv.), PAPPh2M (0.05 equiv.) and K2C03 (3.1equiv) and 200 mL of DME in 2 350mi

of pressure vessel, flushed with argon for 3 min, and the mixture was then stirred and refluxed

{oll bath, 120°C) until the starling material had disappeared. Afler cooling, the solution was

concentrated to dryness under reduced pressure, the residue was treated with water and filtered
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off. The filter cake was washed with water over filter funnel and then used for next step

directly. The residue obtained above was dissolved in 200ml of EOH, 6 N HCI (200 mL) was
added and the reaction mixture was refhaxed {oil bath, 120°C]) for 6 h, then it was allowed to
cool to room temperature, and concentrated to dryness under reduced pressure. The residue was
neutralized with dilute NaOH solution. The suspension was then filier off, washed with water
and dried over filter funnel, Recrystallization from 90% ethanc provided brown yellow salid.
Yield 80.4%. BSL-MS: mv/z 294.3 (M43

A-chioro-6-phenyl-4-(pyridin-4-vDipvridazine (MWO01-7-076 W)

This compound was prepared from MWOL-7-0680WH in the same manner as deseribed for
MWO1-6-127TWH, yielding Hght yellow solid. BSI-MS: mie 268.4 (MAH.
NAevclopopyvimethvlk-G-phenvi-d-{pyridin-d-vyDoyrdazin-3-amine (MWOI-7-084WID

This compound was prepared from MWOL-7-076WH in the same mapner as described for
MWOL-T-057TWH, yielding gray solid. BSLMS: m/z 3304 (M

The present invention is not to bo lmited in scope by the specific embodiroents
described herein, since such embodiments ave intended a8 but single illustrations of one aspect
of the mvention and any functionally cquivalent embodiments are within the scope of thiz
invention. Tndeed, vatious modifications of the juvention in addition 1o those shown and
deseribed herein will become apparent to those skilled in the art from the Toregoing description
and accompanying drawings. Such modifications are intended to fall within the scope of the
appended claims.

All publications, patents and patent applications referred o hersin are incorporated by
reference in their entirety to the same extent ag if each individual publication, patent or patent
application was specifically and individnally indicated to be incorporated by mference in ity
entirety. All publications, patents and patent applications mentioned herein are incorporated
herein by reference for the purpose of describing and disclosing the methods ete. which e
reporied therein which might be used in connection with the invention, Nothing herein is to be
comsirued as an admission that the invention is not entitled to antedate such disclosure by virtue

of prior invention.
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Table 3 Compounds of the Formula I

2-{4-(8-phenyvipyridasin-I-ylpiperazine- 1yl pycimidine and Destvatives

Compound Compoand Synthetic
Number Siructare Code
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A compound of the Formula H:

RfO R11

wherein R'® and R are independently hydrogen, hydroxyl, alkyl, alkenyl,
alkynyl, alkylene, alkenylene, alkoxy, atkenyloxy, cycloalkyl, cycloalkenyl, aryl,
aryloxy, arylalkoxy, aroyl, hetercaryl, heterocyclic, acyl, acyloxy, sulfonyl,
sulfinyl, sulfenyl, amino, imino, azido, thiol, thioalkyl, thioalkoxy, thioaryl, nitro,
ureido, cyano, halo, silyl, sityloxy, silylalkyl, silylthio, =0, =S, carboxyl, carbonyi,

carbamoyl, or carboxamide; or a pharmaceutically acceptable salt thereof.

2, A compound of claim 1, wherein R*® is hydrogen and R''is an
unsaturated 5 to 6 membered heteromonocyclic group containing 1 to 4

nitrogen atoms.

3. A compound according to claim 2, wherein R is pyrrolyl; pyrrolinyl,
imidazolyl, pyrazolyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, pyridinyl, pyrimidinyl,

pyrazinyl, pyridazinyl, triazolyl or tetrazolyl.

4, A compound of claim 1, wherein R"" is not an unsaturated 5 to 6

membered heteromonocyclic group containing 1 to 4 nitrogen atoms.

5. An isolated and substantially pure compound as defined in any one of

claims 1 to 4.
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6. A prodrug comprising a compound as defined in any one of claims 1 to
5 wherein the compound comprises one or more cleavable groups that are
cleaved after administration to a subject to provide a therapeutically effective

amount of the compound.

7. A pharmaceutical composition comprising a compound as defined in
any one of claims 1 to 5 or a prodrug of claim 6, and a pharmaceutically

acceptable carrier, excipient, or vehicle.

8. A method for treating an inflammatory disease or a disease involving or
characterized by inflammation in a subject, comprising administering to the
subject a therapeutically effective amount of a compound of any one of claims

1 to 5, a prodrug of claim 6 or a pharmaceutical composition of claim 7.

9. A method for treating a disease requiring modulation of one or more of
inflammation, signalling pathways involved in inflammation, cell signalling
molecule production, activation of glia or glial activation pathways and
responses, proinflammatory cytokines or chemokines, oxidative stress-related
responses, acute phase proteins, components of the complement cascade,
protein kinase activity, cell damage, and cell death signal transduction
pathways in a subject, comprising administering to the subject a therapeutically
effective amount of a compound of any one of claims 1 to 5, a prodrug of claim

6 or a pharmaceutical composition of claim 7.

10. A method for treating in a subject a condition associated with
neuroinflammation that can be decreased or inhibited with a compound of the

Formula il according to any one of claims 1 to 5, comprising administering to
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the subject a therapeutically effective amount of a compound of any one of

claims 1 to 5, a prodrug of claim 6 or a pharmaceutical composition of claim 7.

11. The method of claim 10, wherein said compound reduces
neuroinflammation associated with any one of traumatic brain injury,

intracerebrai haemorrhage, or Alzheimer’s disease.

12. A method for reducing or inhibiting kinase activity, glial activation,
neuronal cell damage, and/or neuronal cell death in a subject, comprising
administering to the subject a therapeutically effective amount of a compound
according to any one of claims 1 to 5, a prodrug of claim 6 or a pharmaceutical

composition of claim 7.

13. A method of inhibiting cell signalling molecule production, comprising
administering compositions comprising one or more compounds according to

any one of claims 1 to 5, a prodrug of claim 6 or a pharmaceutical composition

of claim 7.

14. The method of claim 9, wherein the signalling molecule is IL- 18 and/or
TNFa.

15. A method of delaying the progression of a neuroinflammatory disease

in a subject, comprising administering to the subject a therapeutically effective
amount of a compound according to any one of claims 1 to 5, a prodrug of

claim 6 or a pharmaceutical composition of claim 7.
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16. A method for ameliorating progression of an inflammatory or a
neuroinflammatory disease or obtaining a less severe stage of a disease in a
subject suffering from such disease, comprising administering to the subject a
therapeutically effective amount of a compound according to any one of claims

1 to 5, a prodrug of claim 6 or a pharmaceutical composition of claim 7.

17. The method of any one of claims 8 to 16, wherein the disease is a
dementing disorder, a neurodegenerative disorder, a CNS demyelinating

disorder, an autoimmune disorder, or a peripheral inflammatory disease.

18. The method according to any one of claims 8 to 17, wherein the

disease is Alzheimer's disease.

19. A method of increasing survival of a subject suffering from Alzheimer's
disease, comprising administering to the subject a therapeutically effective
amount of a compound of the Formula il according to any one of claims 1 to 5,

a prodrug of claim 6 or a pharmaceutical composition of claim 7.

20. A method for treating mild cognitive impairment (MCI) in a subject,
comprising administering to the subject a therapeutically effective amount of a
compound of any one of claims 1 to 5, a prodrug of claim 6 or a pharmaceutical

composition of claim 7.
21. Use of a compound according to any one of claims 1 to 5, a prodrug of

claim 6 or a pharmaceutical composition of claim 7 for the preparation of a

medicament for treating an inflammatory or a neurcinflammatory disease.
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22. A kit comprising compound according to any one of claims 1 {0 5, a
prodrug of claim 6 or a pharmaceutical composition of claim 7 for preventing
and/or treating an inflammatory or a neurcinflammatory disease, a container,

and instructions for use.

Dated this 1t day of May 2018

Northwestern University, Centre National De La Recherche Scientifique
and Universite de Strasbourg

Patent Attorneys for the Applicant

PETER MAXWELL AND ASSOCIATES
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