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THIADIAZOLONEDERIVATIVESANDTHEIRUSEASAMPKAGONISTSFORTHETREATMENTOFDIABETESANDRELATED 
DISORDERS 

FieldoftheInvention 

5 Thepresentinventionrelatestonovelcompoundsandtheuseofsuchcompoundsin 

medicine.inparticularthepresentinventionrelatestocompoundsthatareusefulin 

treatingadisorderorconditionamelioratedbytheactivationofAMP~activatedprotein 

kinase.  

IC. BackgroundoftheInvention 

AMPaactivatedproteinkinase(AMPK)isaproteinkinaseenzymethatconsistsofthree 

proteinsubaunitsandisactivatedbyhormonescytokinesexerciseandstressesthat 

diminishcellularenergystate(eNg.glucosedeprivation).Activation~:fAMPKincreases 

15 processesthatgenerateadenosine5'4riphosphate(ATP)(e.g!,fatty~acidoxidation) 

andrestrainsotherssuchasfatty acid-,glyceroIipid~andprotein-synthesisthat 

consumeATPbutarenotacutelynecessaryforsurvival.Converselywhencellsare 
ma 

presentedwithasustainedexcessofglucoseAMPKactivitydiminishesandfatLyacid 
glycerolipid-andprotein-synthesisareenhanced. AMPKthusisaproteinkinase 

horneostasas. Thereforethe 
20' enzymethatplaysanU roleincellularenergy z 

activationofAMPKiscoupledtoglucose U 

loweringeffectsandtriggersseveralother 
biologicaleffects, including theinhibitionofcholesterol synthesis, lipogenesis, 

U U 

triglyceridesynthesisandthereductionofhypennsulinemia.  

syndromeandespeciallytype2diabetes. AMPKisalsoinvolvedinanumberof 
LI pathwaysthatareimportantformanydifferentdiseases(e.g.AMPKisalsoinvolvedin 

U anumberofpathwaysthatareimportantinCNSdisordersfibrosisosteoporosisheart 

failureandsexualdysfunction).  

30' 

AMPKisalsoinvolvedinanumberofpathwaysthatareimportantincancer.Several 

tumoursuppressorsarepartoftheAMPKpathway.AMPKactsasanegativeregulator 

ofthemammalianTOR(rnTOR)andEF2pathwaywhicharekeyregulatorsofcell 

growthandproliferation.Thederegulationmaythereforebelinkedtodiseasessuch 

:5 ascancer(aswellasdiabetes). AMPKactivatorsmaythereforebeofutilityasantV 

cancerdrugs.  

I 

25 GiventheaboveAMF'Kisapreferredtargetforthetreatmentofthemetabolic
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it:hasbeenshownthatAMPKactivatordrugs(e.g.metforminand4achIoromNmE2~R.4a 

chIorophenyi)methyI]s3aoxom1,2,4athiadiazoIs5~yI]benzamide(i.e.thecompoundof 

formulaIibelow))areeffectiveattreatingpain. Dasandco-vvorkersreportthat, 

followinglumbardiscpuncturepostinjurytreatmentinmicewithAMPKactivatordrugs 

5 reducesmechanicalhypersensitivity(DasVretairRegAnesthPainMed2019;O:1~5.  

dci:10.1136/rapma2Ol9alOOS39).SimilarlyDasandco-workersalsoreportthatearly 

treatmentwithAMPKactivatordrugsreducesmechanical hypersensitivityina 

postoperativepainmodelinmice(DasV 1 etal.RegAnesthPainMed2019;O:1-6.  

dci:IO.1136/r" apm-2019-100651).ThesedrugsalsonormalizetheAMPKpathwayin 

IC. thedorsalrootganglion.AMPKactivatorsmaythereforebeusedinthetreatmentof 

pain17particLIIanypostaoperativepain.  

ithasalsobeenshownthathepaticsteatosismayberegulatedbyAMPK(Zhaoetal.  

I8101!Chem.2020295:12279~12289). ActivationofAMPKinhibitsdenovo 

15 lipogenesiswhilepromotingfatty acidoxidation(j3txidation)intheliver! AMPK 

activationalsoreducesfreefattyacidreleasefromadiposeU andpreventshepatic 

steatos~s. PharmacologicalactivationofAMPKintheliverwasreportedtopromote 

beneficialeffectsonmultipleaspectsofnon~aicoholicfattyliverdisease(NAFLD).For 

exampleactivationofAMPKwasfoundtoimprovenon-alcoholicsteatohepatitis 

20' (NASH)inbothmurineandsimiananimalmodels.AccordinglyAMPKactivatorsmay 

beusefulinthetreatmentofNAFLDandNASH! 

AnexampleofanAMPKactivatoris&chioro~N~~2aR4nchiorophenyi)rnethylja3nox~ 
K 1,2,44hiadiazol-5~ylJbenzainide(i.e.thecompoundofformulaTI),whichwasfirst 

H CI 
N II I 

CI N0 

AsanAMPKagonist(i.e.anAMPKactivator),thecompoundofformulaITisusefulin 

30 thetreatmentofdisordersorconditionswhichareamelioratedbytheactivationof 

AMPK. Suchcompoundsmaybeusefulinthetreatmentofcardiovasculardisease 

(suchasheartfailure),diabetickidneydiseasetype2diabetes,.insulinresistance, 

non-alcoholicfattyliverdisease,.non-alcoholicsteatohepatitispainoploidaddiction,.  

obesitycancerinflammation(includingchronicinflammatorydiseases),autoimmune 

:5 diseasesosteoporosisandintestinaldiseases.  

2 

25 disclosedinWO2011/004162.
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AlthoughanumberofAMPKactivatorsareknown 5 thereisstillaneedforthe 

developmentofnovelcompoundsforthetreatmentofadisorderorcondition 

amelioratedbytheactivationofAMPK. Theinventorshavenowfoundnovel 

compoundsthataremetabolisedinvivotoformaknownAMPKactivatorwitha 

5 surprisingenhancementofthebloavailabilityoftheAMPKactivator.Saidcompounds 

werealsofoundtoactivateAMPK.  

Thelistingordiscussionofanapparentlyprior~pubIisheddocumentinthisspecification 

shouldnotnecessarilybetakenasanacknowledgementthatthedocumentispartof 

10 thestateoftheartoriscommongeneralknowledge.  

DetailedDescriptionoftheInvention 

inafirstaspectoftheinventionthereisprovidedacompoundofformulaI 

15 

N' N ci 
N I 

CI a 
0 

whereinR'isselectedfromthegroupconsistingof-C(O)-C2H4-002Hand-P03H2, 

orapharmaceuticallyacceptablesaltorsolvatethereof.  

20 

maybereferredtohereinasthe"compoundsoftheinvention'IN 

invivotoform4

ThecompoundsoftheinventionhavebeenfoundtometaboliseN 

25 chIoro~Nw~24(4nchIorophenyI)rnethyI>3noxonI,2,4~thiadiazoIw5~yI) benzamide 

(referredtohereinasacompoundofformulaIi)whichisknowntobeanAMPK 

activator. Inthisregardthecompoundsoftheinventionmaybeconsideredtobe 

prodrugs of 4nchIorowN424(4~chIorophenyI)methyI)~3noxo~I,2,4nthiadiazoV5n 

yI)benzamide.  

30 

Pharmaceuticallyacceptablesaltsincludebasesalts. Suchsaltsmaybeformedby 

conventionalmeansforexamplebyreactionofafreeacidorphosphateformofa 

compoundoftheinventionwithoneormoreequivalentsofanappropriatebase,.  

optionallyinasolventorinamediuminwhichthesaltisinsolublefollowedby 

-I removalofsaidsolventorsaidmediumusingstandardtechniques(e 1 g.frivacuoby 

S 

Thesecompoundsincludingpharmaceuticallyacceptablesaltsandsolvatesthereof,
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freeze-dryingorbyfiltration).Saltsmayalsobepreparedusingtechniquesknownto 

thoseskilledintheartsuchasbyexchangingacounter-ionofacompoundofthe 

inventionintheformofasaltwithanothercountersionforexampleusingasuitable 

ionexchangeresin.  

5 

PharmaceuticallyacceptablesaltsofpotentialutilityincludethosediscussedinI 

PharmaceuticalSciences,66:1-19(1977),byBergeeta!.insomeembodimentsthe 

saltscanbepreparedftInsituduringthefinalisolationand/orpurificationfora 

compoundoftheinventionrorseparatelybyreactionofthefreeacidfunctionwitha 

10 suitableinorganicororganicbase.Suitablecounterionsforsaidsaltsincludebutare 

notlimitedtqmetalssuchassodiumpotassiumandcalciumoraminessuchas 

triethylammoniumandlysine~ Particularpharmaceuticallyacceptableadditionsalts 

thatmaybementionedincludealkalimetalsaltsalkalineearthmetalsaltsor 

quaternaryammoniurnsaltsofthecompoundofformulaI.  

15 

"Alkalimetals"aremetalsfoundalongwithhydrogeningroupIoftheperiodictable 5 

mostnotablylithiumsodiumpotassiumrubidiumandcaesium.itwillthereforebe 

understoodthatan"alkalimetalsalt"isa U compoundconsistingofan 

assemblyofoneormorealkalimetalcationsandoneormoreassociatedanions.  

20 

wAlkalineearthmetals"aremetalsfoundingroupiioftheperiodictablemostnotably 

magnesiumcalciumstrontiumandbarium. Itwillthereforebeunderstoodthatan 

walkalineearthmetalsalt"isachemicalcompoundconsistingofanassemblyofoneor 

morealkalineearthmetalcationsandoneormoreassociatedanions.  

4"Quaternaryammonium cationsarepositivelychargedionsofthestructurerNR4]I, 
whereeachP.mayindependentlyrepresentHaCIrSalkylgroupaC2~Galkenylgroup, 

aC2r6alkynylgrouporanarylgroup.Alternativelyaquaternaryammonium11 cation 
isacationicform(particularlyaprotonatedform)ofanaminoacidsuchasanamino 

30 acidbearingapositivelychargedsidechain(e 1 g.lysinehistidineorarginine).itwill 

thereforebeunderstoodthata quaternaryammoniurnsaIt~isa U compound 

consistingofanassemblyofoneormorequaternaryammoniumcationsandoneor 

moreassociatedanions.  

Unlessotherwisespecifiedalkylgroupsdefinedhereinmaybestraightwchainorwhen 

thereisasufficientnumber(i.e.aminimumoftwoorthreeasappropriate)ofcarbon 

atomsbebranched~chainand/orcyclic(soformingacycloalkylgroup).Whenthere 

isasufficientnumber(i~e~aminimumoffour)ofcarbonatomssuchgroupsmayalso 

4 

25
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bepartcyclic(soformingapartialcycloalkylgroup). Forexamplecycloalkylgroups 

thatmaybementionedincludecyclopropylcyclopentylandcyclohexyl.SimiIarIy~part 
31q 'I' 

cyclicalkylgroups(whichmayalsobereferredtoaspartcycloalkylugroups)thatmay 
bementionedincludecyclopropylmethyl.  

5 

UnlessotherwisespecifiedaikenylgroupsdefinedhereinmaybestraighLchainor 5 

whenthereisasufficientnumber(i.e.aminimumofthree)ofcarbonatomsbe 

branched-chain. Fortheavoidanceofdoubtparticularalkenylgroupsthatmaybe 

mentionedincludestraightchain(i.e.notbranched)alkenylgroups.  

i0 

Unlessotherwisespecifiedalkynylgroupsdefinedhereinmaybestraight-chainor, 

whenthereisasufficientnumber(i 0 e.aminimumoffour)ofcarbonatomsbe 

branchechehain. Fortheavoidanceofdoubtparticularalkynylgroupsthatmaybe 

mentionedincludestraightchain(i!e~notbranched)alkyn..yIgroups.  

15 

Fortheavoidanceofdoubtunlessotherwisespecifiedgroupsreferredtohereinas 
W In 

aI~yI"~ alkenyVand/oralkynyF'willbetakenasreferringtothehighestdegreeof 
unsaturationU 

Inabondpresentinsuchgroups. Forexamplesuchagrouphavinga 
carbon-carbondoublebondandinthesamegroupacarbon-carbontriplebondwill 

20 bereferredtoas'I' alkynyl".  

Asmaybeusedhereinthetermarylmayrefertoaromaticgroups.Suchgroupsmay 

bemonocyclicorbicyclicandwhenbicyclicbeeitherwhollyorpartlyaromatic.aryl 
U groupsthatmaybementionedincludeCs~±oarylgroupsparticularlyphenylnaphthyl, 

U ofdoubtthepointofattachmentofsubstituentsonarylgroupsmaybevia 

anysuitablecarbonatomoftheringsystem.  

Accordinglyanwalkali metalsalt" "alkalineearth metalsalt"or quaternary 
I 

30 ammoniumsalt"ofacompoundofformulaTreferstoacompoundcomprisingoneor 

morealkalimetalalkalineearthmetalorquaternaryammoniurncations(eNg.lithium, 

magnesium,.calciumammoniumtetramethylammoniumandparticularlysodium 

andpotassium)andoneormoreanionsofacompoundofformulaL 

-I Particular,.alkalimetalalkalineearthmetalandquaternaryammoniurnsaltsofa 

compoundofformulaIthatmaybementionedincludecompoundsofformulaIii, 

5 

25 i,2,3,4-tetrahydronaphthylindanylandthelike(egg.phenylandnaphthyl).Forthe
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49S N 

ci N 0 

C iiI 

0 00 

I 

andformulaIV, 

N-pS N CI 2X 
Ii~rprIM N 

0 1 ~ tt N,~~ 

0 iv 

1/ 0~~ 
0 

5 whereinX~representsanalkalimetalalkalineearthmetalorquaternaryammoniurn 

(e1g. lithium, magnesium, calcium, ammonium, tetramethylammonium and, 
I particularly, sodium and potassium) cation, with appropriate stoichiometric 

adjustmentsbeingmadeinviewofchargesoftheions.  

IC Theskilledpersonwillrecognizethatwhendissolvedinasuitablesolvent(egg.water) 

thepharmaceuticallyacceptablesalt(egg.alkalimetalsaltalkalineearthmetalsaltor 

anionicandcationiccomponents.  

15 PharmaceuticallyacceptablesaltsofthecompoundofformulaImaybepreparedin 

accordancewithtechniquesthatarewellknowntothoseskilledintheart. For 

examplethecompoundofformulaImaybereactedwiththeappropriatealkalimetal 

hydroxideoranalternativealkalimetalbasecompound. Saltswitchingtechniques 

mayalsobeusedtoconvertonesaltintoanothersalt.  

20 

Inparticularembodimentsthepharmaceuticallyacceptablesaltisasodiumor 

potassiumsaltofthecompoundofformulaIC Preferably!thepharmaceutically 

acceptablesaltisthesodiumsalt.  

25 Thecompoundsdisclosedhereinmayexistinunsolvatedaswellassolvatedformswith 

pharmaceuticallyacceptablesolventssuchaswaterandethanolanditisintendedthat 

6 

quaternaryammoniumsalt)ofthecompoundofformulaImaydissociateintoits
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theinventionembracesbothscdvatedandunsolvatedformsofthecompoundsofthe 

invention.  

Thetermwsoivateit referstoacomplexofvariablestoichiometryformedbyasolute 

5 aridsolvent.Suchsolventsforthepurposeoftheinventionmaynotinterferewiththe 

biologicalactivityofthesolute.Examplesofsuitablesolventsincludebutarenot 

limitedtowatermethancdrethanolandaceticacid.Solvatesinwhichwateristhe 

solventmoleculearetypicallyreferredtoashydrates.Hydratesincludecompositions 

containingstoichiometricamountsofwateraswellascompositionscontainingvariable 

10 amountsofwater.  

CompoundsofformulaIcontaindoublebondsandmaythusexistasC(entgegen)and 

z(zusammen)geometricisomersabouteachindividualdoublebond.Allsuchisomers 
andmixturesthereofareU withinthescopeoftheinvention.  

15 
U CompoundsofformulaImayexistasregiolsornersandmayalsoexhibittautornerism.  

tautornericformsandmixturesthereofareincludedwithinthescopeofthe 
I Intention 

20 Thepresentinventionalsoembraces U 

isotopicallylabeliedcompoundsofformulaI 

whichareidenticaltothoserecitedhereinbutforthefactthatoneormoreatomsare 
U U replacedbyanatomhavinganatomicmassormassnumberdifferentfromtheatomic 

massormassnumberusuallyfoundinnature(orthemostabundantonefoundin 

nature).Allisotopes~:fanyparticularatomorelementasspecifiedhereinare 

alsoU deuteratedcompoundsLe~compoundsofformulaIinwhichoneormore 

hydrogenatomsarereplacedbythehydrogenisotopedeuterium.  

Throughoutthisspecificationstructuresmayormaynotbepresentedwithchemical 

30 names.VVhereanyquestionarisesastonomenclaturethestructureprevails.Where 

itispossibleforthecompoundtoexistasatautorner(eNg.Uinanalternativeresonance 

form)thedepictedstructurerepresentsoneofthepossibletautomericforms,.wherein 

theactualtautomericform(s)observedmayvarydependingonenvironmentalfactors 

suchassolvent,.temperatureorpH. Alltautorneric(andresonance)formsand 
-I mixturesthereofareincludedwithinthescopeoftheinvention.  

7 

25 contemplatedwithinthescopeoftheinvention. HencethecompoundsofformulaI
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Unlessindicatedotherwisealltechnicalandscientifictermsusedhereinwillhavetheir 

commonmeaningasunderstoodbyoneofordinaryskillinthearttowhichthis 

inventionpertains.  

5 Fortheavoidanceofdoubttheskilledpersonwillunderstandthatreferencesherein 

toparticularaspectsoftheinvention(suchasthefirstaspectoftheinvention)will 

include referencestoall embodimentsand particularfeaturesthereof, which 

embodimentsandparticularfeaturesmaybetakenincombinationtoformfurther 

embodimentsandfeaturesoftheinvention.  

i0 

inparticularembodiments5 thecompoundofformulaIisCompound3: 

S N CI 
N 

N 
CI 

a 
sQ 

0 

OH 

Compound, 

orapharmaceuticallyacceptablesaltorsolvatethereof.Compound3isknownas4~ 

15 ({(5Z)-5-~(4-chIorobenzoyI)imino)~2-~(&chIorophenyI)methyI)-3-oxo4,2,4~ 

thiadiazolidinAwyl}methoxy)Awoxobutanoicacid. Inafurtherembodimentthe 

compoundoftheinventionisasodiumsaltofCompound3.  

,9e rrtr CI 
NS Nt I 

N 
CI 

0 

1/ 
20 0 

CompoundSA,.  

orapharmaceuticallyacceptablesaltorsolvatethereof.CompoundSAisknownas 

{(5Z)-5-E(4-chIorobenzoyI)irnino>2-E(4~chIorophenyI)methyIJ-3-oxo-1,2,4

thiadiazoIidin-4~yI}methyIphosphoricacid. Inafurtherembodimentthecompound 

25 oftheinventionisasodiumsaltofCompoundSAparticularlydisodium{(5Z>5~E(4~ 

chlorobenzoyl)iminoJ-2-E(4-chlorophenyl)methyl)-3-oxo-I,2,4-thiadiazolidin-4

yI}methylphosphate(referredtohereinas"Compound5").  

S 

inotherembodimentsthecompoundofformulaIisCompoundSA:
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Thecompoundsoftheinventionmaybeconsideredtobeprodrugsof4~chioroaNaL2~ 
E(4achlorophenyl)methyija3moxo4,2 5 44hiadiazole5myljbenzamideastheyhavebeen 

found to break down ui vivo to form said compound. 4aChIorosN~[2mE(*4~ 

chIorophenyi)methyIjs3aoxom1,2r&thiadiazoIs5~yIjbenzamidemaybedepictedasthe 

5 compoundofformulaIi 

H CI 
N' N 

II 
CI 

U 

Theterm prodrugIf referstoa compoundthat,.following oral orparenteral 

ic, administrationismetabolisedinvivotoyieldapharmalogicallyactivecompoundin 

anexperimentaIIy~detectabIeamountandwithinapredeterminedtime(e 1 g.withina 

dosingintervalofbetweenSand24hours(1 5 e.oncetofourtimesdaily)).For 

theavoidanceofdoubttheterm parenteral"administrationincludesallformsof 

administrationotherthanoraladministration. Generalinformationonprodrugsmay 
ElsevierNewYork

15 befoundeEgDinBundegaardHE"DesignofProdrugs p.1-92, a 

Oxford(1985).  

Ithasbeenfoundthatadministrationofthecompoundsoftheinventionsurprisingly 

resultedinasignificantincreaseinthebloavailabilityandsystemicexposureof4

20 chIoro~NnE2wE(4nchIorophenyI)methyI)w3~oxon1,2,4-thiadiazoI~5-y1)benzamide as 

compared to the bioavailability and systemic exposure observed following 

yljbenzamide.  

25 Thebloavailabilityofadrugistheamountofanadministereddosethatreachesthe 

systemiccirculationinthatdrugform.Sufficientbicavailabilityisimportanttoachieve 

atherapeuticallyactiveconcentrationatthesiteofaction.Animprovement(i.e.an 
U increase)inbloavailabilitymaybedemonstratedbyrneasunngtheCm~~orthearea 

administrationofthe 
underthecurve(AUC)inthebloodofasubjectfollowing K 

2A:~ compound(orpharmaceuticalformulationthereof)tothatsubject. Thecompounds 

andformulationsoftheinventionareusefulinthetherapiesdescribedhereinina 

subjectinneedofsuchtherapy. Subjectsthatmaybementionedincludeanimals, 

suchasmammals.Particularmammalsthatmightbementionedincludeforexample, 
LI 

primates(erg.,humansmaleorfemale),cowshorsesdogsandcats.Preferablythe 
2 subjectisahuman.  

9 

administration of4wChIoronNn~2n[(&ChIorophenyI)methyiJn3noxowI,2,44hiadiazoIn5~
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The ~4 
1~'CrnaxU. and"AUC"willbewellunderstoodbythepersonskilledintheartto 

referinthepresentcontexttothepeakplasmaconcentrationof4-chioro~N42-[(4

chIorophenyl)methylja3~oxoa1,2,4sthiadiazola5myiJbenzamide after administration 

(e.g.toahumansubject)andtheintegraloftheconcentration/timecurveforthat 

5 substancefollowing theadministrationofthecompound ofthe invention (or 

formulationthereof),respectively.  

Ithasbeenfoundthatadministrationofacompoundoftheinventionresultedina 

particularlyenhancedbloavailabilityof.4achIoromNmE2m[(4achlorophenyI)methylJm3soxo~ 

10 1,2,4hi~thiadiazoV5hi~yIjbenzamideftpVIVQasisevidencedbythedataintheexamples.  

Thesedatashowthatplasmaexposureof4achloro~NmE2mE(&chlorophenyl)methyl]m> 

oxo~I,2,4mthiadiazola5myl]benzarnide15increasedwhensaidcompoundisadministered 

toamammaliansubjectascomparedtotheplasmaexposureobservedfollowing 

administration of4nchIoroaN424(4~chIorophenyI)methyI)~3aoxo~1,2,4~thiadiazoV5m 

15 yljbenzarnide.  

Thusadministrationofthecompoundsoftheinventioniscapableofincreasingthe 

bioavailability of 4inchloroaN~L2L.u1(4inachlorophenyl)methyI)L.u3aoxoinaI,2,4sthiadiazo[5s 

yVJbenzarnidecomparedtoadministrationof4-chIoro~N~E2~E(4-chIorophenyI)methyIJ~ 

20 3-oxo~1,2,4-thiadiazoI~5-yIjbenzarnide. Inthiscontextthephrase"increasingthe 
LI K 

bicavailability"meansthatadministrationofthecompoundoftheinventionresultsin 

alargersystemicallyavailablefractionof4-chloro-N424(4-chlorophenyl)methyI]~3

ox&i,2,44hiadiazoI-5~yl]benzarnideinvivocornparedtoadministrationof4~chIor& 
I N-{24(4-chlorophenyl)methyl>3-oxo-I,2,4-thiadiazok5-yI]benzarnide. Theincrease 

U oxo-1,2,4-thiadiazok5-yl)benzarnidemaybeatleastabout10%,(atleast)about20%, 

about30%,about40%,about50%,about609/cabout70%,about809/cabout9Q0/5, 

about1OO~/6(i.e.1-fold),about15001= bout2009/c(be.3-fold),about250%,about 

3QQO/~(ike.4~foId),about350~/oorabout4O0~/o(bedS4oId).  

30 

Theimprovementofthebioavailabilityprovidedbythecompoundsoftheinvention 

maybedemonstratedusingsuitablemethodsknownintheart. Forexamplethe 

improvement in bloavailability may be demonstrated by comparing the 

pharmacokineticdata(ag.AUCdata)forasubjectwhohasbeenadministereda 

-I compoundoftheinventionwiththecorrespondingdataforasubjectwhohasbeen 

administered 4nchIorowN424(4~chIorophenyI)methyl)~3woxo~I,2,.4nthiadiazoV5n 

yI)benzamide.  

10 

25 inthesystemicallyavailablefractionof4achloronNn[2~F(&chlorophenyl)rnethyl]~3n
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Asindicatedbytheexamplesthecompoundsoftheinventionhavecomparable 

stability to 4~chioro~N424(4~chiorophenyI)methyI]~3aoxom1f2,4ethiadiazoV5e 

yljbenzamideinmildlybasicsolutions(e.g.atpH7.4).ThUSthecompoundsofthe 

invention are suited to being prepared into pharmaceutical formulations for 

5 administrationtopatients. Howeverboththecompoundsoftheinventionand 

Compound of Formula II show reduced stability under acidic condition so 

decompositioninthestomachenvironmentislikelyunlessadequateprotectionis 

providedfororallyadministeredformulations.  

10 Thecompoundsoftheinventionhavealsobeenfoundtobesurprisinglyeffectiveat 

activatingAMPKasisevidencedbythedataintheexamples.AsAMPKactivators(i.e.  

AMPKagonists),thecompoundsoftheinventionmaybeusefulinthetreatmentof 

disordersorconditionswhichareamelioratedbytheactivationofAMPK. Such 

compoundsmaythereforebeusefulinthetreatmentoftheparticulardiseases 

15 describedherein.  

The compounds of the U 

may be prepared from 4achioro~NaE2aE(4n 

chlorophenyl)rnethyiia>oxoal,2,4athiadiaz.olnyijbenzamide. 4-ChIor&N~U2-E(4

chlorophenyl)rneth..yFJa3~oxon1,2,,4nthiadiazoIa5nyIjbenzarnide may, in turn, be 

20 preparedinaccordancewithtechniquesthatarewellknowntothoseskilledintheart.  

For example, 4~chIoro-N-r2-r(4-thlorophenyi)rnethyI]-3-ox&i,2,4~thiadiazoI-5
U yI)benzamade may be made in accordancewith thetechniquesdescribed in 

internationalpatentapplicationWO2011/004162,andallofitscontentishereby 
I 

incorporatedbyreference.  

Compoundsoftheinventionasdescribedhereinmaybepreparedinaccordancewith 

techniquesthatarewellknowntothoseskilledintheartsuchasthosedescribedin 

theexamplesprovidedhereinafter.  

30 CompoundsofformulaImaybeobtainedbyanalogywiththeprocessesknowninthe 

literatureorbyconventionalsyntheticproceduresinaccordancewithstandard 

techniquesfromavailablestartingmaterialsusingappropriatereagentsandreaction 

conditions.Inthisrespecttheskilledpersonmayrefertointera/ia"Comprehensive 

OrganicSynthesis"byB.M.TrostandI.FlemingPergamonPress,1991.  

-I 

Forexamplethereisprovidedaprocessforthepreparationofacompoundofthe 

inventionashereinbeforedefinedwhichprocess U 

comprises.  

11 

25
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(i) reactionofacompoundofformulaV 
I 

"4,S N N 4-a 

N V >6 CI.  HO 

5 withasuitableacidoracidanhydride(e.g.succinicanhydride)inthepresenceofa 

suitable base (erg. 4=-dimethylaminopyridine) arid a suitable solvent (egg.  

tetrahydrofuran)accordingtoproceduresknowtothepersonskilledintheart;or 

(ii) reactionofacompoundofformulaVT, 

Ic? 

N VI 
CI 

ci 

U 

asuitableacidorsuitableacidsalt(e.g.phosphoricacidoptionallypresentedas 

anammoniurndihydrogenphosphate)inthepresenceofasuitablebase(e.g.  

15 tributylarnine)andasuitablesolvent(e 1 g.dichiorornethane)accordingtoprocedures 

knowtothepersonskilledintheart.  

ThecompoundofformulaVmaybeobtainedbyconventionalsyntheticproceduresU 

in 

accordance with standard techniques, from available starting materials using 

VmaybepreparedbyreactionofacompoundofformulaII, 

S H CI 
Nat N 

N II 
CI 

25 U 

withformaldehydeinthepresenceofasuitablebase(e.g.triethylarnine)andasuitable 

solvent(e~g. N,/Wdirnethylforrnamide)accordingtoproceduresknowtotheperson 

skilledintheart.  

SimilarlythecompoundofformulaVimayalsobeobtainedbyconventionalsynthetic 
U U proceduresinaccordancewithstandardtechniquesfromavailablestartingmaterials 

I 

usingappropriatereagentsandreactionconditions. Forexamplethecompoundof 

12 

20 appropriatereagentsandreactionconditions.Forexamplethecompoundofformula
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formulaVImaybepreparedbyreactionofacompoundofformulaVwithachlorinating 

agent(eEg.thionylchloride)accordingtoproceduresknowtothepersonskilledinthe 

at 

5 Likewiserthecompoundofformulaii(i.e.4achloro~NmE2mE(4~chlorophenyl)methyl]m> 

oxo~I,2,4~thiadiazola5myl]benzarnide;referredtointheexamplesasCompound1) 

maybepreparedinaccordancewithtechniquesthatarewellknowntothoseskilledin 

heart, e.g. thetechniquesdescribed in international patentapplication no.  

wo2011/004162.  
i0 

Compoundsoftheinventionmaybeisolatedfromtheirreactionmixturesandif 

necessarypurifiedusingconventionaltechniquesasknowntothoseskilledintheart.  

Thusprocessesforpreparationofcompoundsoftheinventionasdescribedherein 

mayincludeasaIlnalstepisolationandoptionallypurificationofthecompoundof 

15 theinvention.  

Pharmaceutical Formulations 

Asindicatedhereinthecompoundsoftheinventionareusefulastherapeuticagents 

20 fortreatingavarietyofmedicaldisordersorconditions.Typicallycompoundsofthe 

inventionwill beadministeredtoasubjectinneedthereofintheformofa 

pharmaceuticalformulation.  

I U 

Accordingtoasecondaspectofthean..ventionthereisprovidedapharmaceutical 

hereinastheformulations 
saltorsolvatethereonSuchformulationsarereferredto a 

oftheinvention.Allembodimentsandparticularfeaturesthereofdescribedhereinin 

respectofthefirstaspectoftheinventionaredisclosedhereininrespectofthesecond 

aspectoftheinvention.  

30 

Thepharmaceuticalformulationsofthesecondaspectoftheinventionmaybe 

preparedinaccordancewithstandardand/oracceptedpharmaceuticalpractice.  

inanembodimentofthesecondaspectoftheinventionthecompoundoftheinvention 

-I (orthepharmaceuticallyacceptablesaltorsolvatethereof) isthesoleactive 

pharmaceuticalingredientpresentintheformulation.inafurtherembodimentofthe 

secondaspectoftheinventionthecompoundoftheinvention(orapharmaceutically 

acceptablesaltorsolvatethereof)ispresentintheformulationalongsideoneormore 

13 

25 formulationcomprisingthecompoundofformulaI(orapharmaceuticallyacceptable
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otheractivepharmaceuticalingredientsormaybeadministeredaspartofa 

combinationtherapywithoneormoreotheractivepharmaceuticalingredients.  

Theformulationsofthesecondaspectoftheinventionwillgenerallybeprovidedasa 

5 mixturecomprisingthecompoundoftheinvention(orapharmaceuticallyacceptable 

saltorsolvatethereof)andoneormorepharmaceuticallyacceptableexcipients.The 

oneormorepharmaceuticallyacceptableexcipientsmaybeselectedwithdueregard 

totheintendedrouteofadministrationinaccordancewithstandardpharmaceutical 

practice.Suchpharmaceuticallyacceptableexcipientsarepreferablychemicallyinert 

10 totheactivecompoundandpreferablyhavenodetrimentalsideeffectsortoxicity 

undertheconditionsofuse. Suitablepharmaceuticalformulationsmaybefoundin, 

forexample1 RemingtonTheScienceandPracticeofPharmacy,19thed3 ,MackPrinting 

CompanyEastonPennsylvania(1995). Abriefreviewofmethodsofdrugdelivery 

mayalsobefoundineNg.LangerScience249,1527(1990).  

15 

ithasbeenfoundthatpHmodifyingexcipientsare U 

particularlyadvantageousinthe 
formulationsoftheinvention. pHmodifyingexcipientsarethosewhichsubstantially 

alterthepHofanaqueoussolutionofaformulationcomparedtothepHofanaqueous 

solutionofthesameformulationthatdoesnototherwisecomprisesaid U 

20 pHmodifyingexcipientmayraise(orlower)thepHofanaqueoussolutionofa 

formulation(e.g.toapHofSormore)comparedtoanaqueoussolutionofthesame 

formulationthatdoesnotcomprisesaidexcipient.Suchexcipientsmaybeusefulfor 
.1 increasing(i.e.improving)theaqueoussolubiliELyand/orstabilityofthecompoundof 

theinventionintheformulation.  

intheformulationsoftheinventionithasbeenfoundthatbasicexcipientsareuseful 

incombinationwiththecompoundsoftheinventionsparticularlywithCompound5 

andothersaltsthereofandresultinanimprovementinthesolubilityofthecompound.  

Thusinparticularembodimentsofthesecondaspectoftheinventiontheatleastone 

30 pharmaceuticallyacceptableexcipientisabasicexcipient.  

Asusedhereintheterm"basicexcipientureferstoapharmaceuticallyacceptable 

excipientthatincreasesthemicroenvironmentalpHoftheformulation.Modulationof 

themicroenvironmentalpHofaformulationhasbeenfoundtoimprovethedissolution 

-I theactiveingredientintheformulationwhichinturnmayleadtoenhancedoral 

absorptionoftheactiveingredient.Particularbasicexcipientsthatmaybementioned 

include magnesium oxide, sodium hydrogen carbonate, potassium hydrogen 

carbonatesodiumcarbonatepotassiumcarbonatemagnesiumcarbonateand 

14 
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calciumcarbonate. inparticularembodimentsthebasicexcipientismagnesium 

oxide.  

Otherpharmaceuticallyacceptableexcipientsmayalsobepresentintheformulation 

5 oftheinvention(eitherinadditiontosaidbasicexcipientorintheabsenceofsuchan 

recipient). Forexampleformulationsoftheinventionmaycontainalubricant 5 a 

binderafillerasurfactantadiluentrananti-adherent 1 acoatingaflavouringa 

colourantaglidantapreservativeasweeteneradisintegrantanadsorbent,,a 

bufferingagentanantioxidantachelatingagentadissolutionenhanceradissolution 

10 retardantand/orawettingagent.  

Particularpharmaceuticallyacceptableexcipientsthatmaybementionedinclude 

microcrystallinecellulose, Iactosemonohydratercrospovidonemagnesiumstearate, 

colloidal silicon dioxide, anhydrous lactose, dicalciurn phosphate, mannitol, 

I5 pregelatinised starch, hydroxypropyl aMIulose, povidone, Iow~substituted 

hydroxypropylcellulosecroscarrnellosesodiurnsodiumstarchglycolatesodIurn 

stearylfurnaratetalchydroxypropylmethylceliulosepolysorbateSOsodiumlauryl 

sulphate, poloxarner 188, poloxarner407, propyleneglycol, titanium dioxide, 
hypromellosephthalatehypromelloseacetatesuccinatemethacrylicacidmethyl 

20 methacrylatecopolyrnerOpadry®IOpadry®ii.  

inthepreparationofapharmaceuticalformulationofthecompoundsoftheinvention 
fororaladministrationthecompoundsoftheinventionmaybe K 

mixedeithertogether 

orseparatelywithoneormoreofthepharmaceuticalexcipients(includingbasic 

Mixturesofacompoundoftheinventionandoneormorepharmaceuticallyacceptable 

excipientsmaybeprocessedintopelletsorgranulesorcompressedintotablets.Thus, 

pharmaceuticalformulationsoftheinventionincludeformulationsthatareprovidedin 

30 theformofatabletmini4abletsblockspelletsparticlesgranulesorapowderfor 

administration. Mixturesofacompoundoftheinventionandoneormore 
pharmaceuticallyacceptableexcipientsmayalsobeprovidedinaformthatissuitable 

forsubcutaneousorintramusculardeliverysuchasaninjectablesolutionorafreeze~ 

driedpowdersuitableforreconstitutioninasuitablefluidpriortoadministration.  

-I 

Theskilledpersonwillunderstandthatformulationsdescribedhereinmayact 

systemicallyandmaythereforebeadministeredaccordinglyusingsuitabletechniques 

knowntothoseskilledintheart. Formulationsasdescribedhereinwillnormallybe 

15 

25 excipients)listedabove.
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administeredorally1 subcutaneouslyorintramuscularlyinasuitablepharmaceutically 

acceptabledosageform.Thepharmaceuticalformulationofthesecondaspectofthe 

inventionispreferablyanoralpharmaceuticalformulation.  

5 Formulationsoftheinventionmaybepreparedfororaladministrationintheformofa 

capsule. Forexamplecapsulessuchassoftgelatincapsulesmaybeprepared 

containingthecompoundoftheinventionalone(orapharmaceuticallyacceptablesalt 

orsolvatethereof)roptionallytogetherwithasuitablevehiclee.g.vegetableOIlrfat 

etc.Similarlyhardgelatincapsulesmaycontainthecompoundoftheinventionalone 

10 (orapharmaceuticallyacceptablesaltorsolvatethereof)aloneorincombinationwith 

solidpowderedingredientssuchasadisaccharide(e 1 g.lactoseorsaccharose),an 

alcoholsugar(e.g.sorbitolormannitol)ravegetablestarch(e 2 g.potatostarchorcorn 

starch)5 apolysaccharide(e.g.amylopectinorcellulosederivatives)orgellingagent 

(e1g.gelatin).  

15 

U pharmaceuticalformulationsoftheinventionincludeformulationsthatmay 

bementionedarethoseprovidedintheformofacapsuleoratableterg.fororal 

administration.  

20 Preparationsintendedfororaladministrationmayfurthercompriseanentericcoating 

inordertopreventorminimisedissolutionordisintegrationinthegastricenvironment.  

Assuchoralpreparations(e1 g.capsulesortablets)coatedwithanentericcoatingmay 

providetargetedreleaseofthecompoundoftheinvention(orapharmaceutically 
U 

acceptablesaltorsoivatethereof)aloneinthesmallintestine.Forexampletheenteric 

tabletoracapsule). Thusinparticularembodimentstheformulationfurther 

comprisesanentericcoating.  

Itmaybedesirabletominimisedissolutionordisintegrationofacapsuleoratablet 

30 (andthelike)inthegastricenvironmentand/orprovidetargetedreleaseoftheactive 
a ingredientinthesmallintestine.Thusanparticularembodimentstheentericcoating 

ispresentonsaidcapsuleortablet.Forexample,.saidcoatingmaybeprovidedasan 

outerlayeronsaidcapsuleortablet.  

~1 Theterm11 coating"referstoasubstance(e1 g.apolymer)thatisincorporated 

intoanoralmedication(erg.appliedontothesurfaceofatabletoracapsule)andthat 

inhibitsdissolutionordisintegrationofthemedicationinthegastricenvironment.  

EntericcoatingsaretypicallystableatthehighlyacidicpHfoundinthestomachbut 

16 

25 coatingmaybepresentonthesurfaceoftheformulation(ehg.onthesurfaceofa
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breakdownrapidlyinhigherpHofthesmallintestine. Thereforeentericcoatings 
preventreleaseoftheactiveingredientinthemedicationuntilitreachesthesmall 

intestine.  

5 Anyentericcoatingknowntotheskilledpersonmaybeusedinthepresentinvention.  

Particularentericcoatingmaterialsthatmaybementionedincludethosewhich 

compriseasUbstanceselectedfromthegroupconsistingofbeeswaxshellacan 

aIkyicelIulose polymer resin (egg~ ethylcellulose polymers, 

carboxymethylethylceiIuloseorhydroxypropylmethylcellulosephthalate)oranacrylic 

10 polymerresin(e.g.acrylicacidandmethacrylicacidcopolymersmethylmethacrylate 

copolyrners, ethoxyethyl methacrylates, cyanoethyl methacrylatef methacrylate 

ccpolymersfarninoaIkylmethacrylatecopolymerpoly(acrylicacid),poly(rnethacryiic 

acid), methacrylic acid alkylamide copolymer, poly(rnethyi methacrylate), 

poiy(rnethacrylicacidanhydride),methylmethacrylatepolyrnethacrylatepoly(rnethyi 

I5 methacrylate),poly(methylmethacrylate)ccpolymerpolyacrylamidea U 

mincaIkyl 
methacrylatecopolyrnerpoly(rnethacryiicacidanhydride),glycidylmethacrylate 

copolyrners),celluloseacetatephthalateandpolyvinylacetatephthalate.Aparticular 

polyacrylicresinthatmaybementionedispolyacrylicresinHB~5O.  

mentionedincludethoseinwhichthe 

20 Pharmaceuticalformulationsthatmaybe U 

compoundoftheinvention(orapharmaceuticallyacceptablesaltorsolvatethereof) 

ispresentinatotalamountthatisatleast1%(oratleast100/5,atleast3Q0~ rat 

least50%)byweightoftheformulationandupto99%byweightoftheform.. ulaUon.  

Theweightratioofthecompoundoftheinvention(orapharmaceuticallyacceptable 

a InVentionandallpharmaceuticalexcipientsegg.adjuvantsdiluentsandcarriers)of 

thepharmaceuticalformulationisatleast1:99(oratleast10:90,atleast30:70orat 

least50:50)andupto99:1.  

30 A"therapeuticallyeffectiveamount",an effectiveamount"anda~dosage1f abused 

hereinrefertoanamountofacompoundoftheinvention(orapharmaceutically 

acceptablesaltorsolvatethereof)thatissufficienttoproduceadesiredclinicaleffect, 

whichcanbeatherapeuticand/orbeneficialeffect.Theeffectiveamountordosage 

willvarywiththeageorgeneralconditionofthesubject(e.g.ahuman),theseverity 

-I theconditionbeingtreatedtheparticularagentsadministeredthedurationofthe 

treatmentthenatureofanyconcurrenttreatmentthepharmaceuticallyacceptable 

excipientsusedandlikefactorswithintheknowledgeandexpertiseofthoseskilledin 

heart. Asappropriateawtherapeuticallyeffectiveamount","effectiveamount"or 

17 

25 saltorsolvatethereof)tothetotalityofthecomponents(ihehthecompoundofthe
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KY ~dosageinanyindividualcasecanbedeterminedbyoneofskillintheartbyreference 
tothepertinenttextsandliteratureand/orbyusingroutineexperimentation.Those 

I 

skilledintheartwillappreciatethatthetherapeuticeffectsneednotbecompleteor 

curativeaslongassomebenefitisprovidedtothesubject.  

5 

Theskilledpersonwillunderstandthatcompoundsoftheinventionrandformulations 

thereofmaybeadministered(forexamplebywayofoneormorepreparationsas 

describedherein)atvaryingdoseswithsuitabledosesbeingreadilydeterminedby 

oneofskillintheart. Thetotaldosageofthecompoundoftheinvention(ora 

10 pharmaceuticallyacceptablesaltorsolvatethereof)thatistobeadministeredtoa 

subjectinneedthereofmayrangefromaboutQECImilligramsperday(mg/day)to 

about3000mg/dayabout04mg/daytoabout2000mg/dayoraboutImg/dayto 

about1000mg/day(e.g.fromabout10mg/daytoabout500mg/day).Suchdosages 

maybeforexampleoraldosagesoftheformulationsofthesecondaspectofthe 

15 invention.Whenthecompoundoftheinvention(orapharmaceuticallyacceptablesalt 

orsolvatethereof)istobeadministeredeitherintramuscularlyorsubcutaneouslythe 

skilledpersonwillrecognisethatthedosageshouldbeadjustedaccordingly.  

When administered orally, treatment with such formulations may comprise 

20 administrationofaunitdoseformulationcontainingfromaboutO~O1mgtoabout3000 

mgofthecompoundoftheinventionforexamplefromabout04mgtoabout2000 

mgorfromaboutIrngtoabout1000rng(ehg.fromabout10rigtoabout500mg) 1 

ofthecompoundoftheinvention. Advantageouslytreatmentmaycomprise 

administrationofthecompoundoftheinvention(eMg.intheformofoneormore 

dailydosageofthecompoundoftheinventionmaybeadministeredindivideddoses 
U twothreeorfourtimesdaily(ehg.twicedailywithreferencetothedosesdescribed 

hereinsuchasadoseof100mg,250mg,500mgor1000mgtwicedaily). The 

skilledphysicianwillrecognisethatthedosagewillvaryfromsubjecttosubject.  

30 

in particularembodimentsthedailydoseofthecompoundoftheinvention 

administeredtoasubjectisintherangeoffromaboutItoabout3000rngpreferably 

fromaboutItoabout1000rng.  

-I Theterm"about"asusedhereinwhenreferringtoameasurablevaluesuchasan 

amountofacompound,.dose,.timetemperatureandthelikereferstovariationsof 

2 0 0 /o,1 O0 /c,5%,I~/o,05%,.orevenO~1O/oofthespecifiedamount.Itiscontemplated 
~~1 

thatateachinstance,.suchtermsmaybereplacedwiththenotation'±lO~/?,orthe 

18 

25 capsulescontainingsaidformulation)usingasingledailydose.Alternativelythetotal



WO20221069894 PCT/GB2021/052535 

like(orbyindicatingavarianceofaspecificamountcalculatedbasedontherelevant 

value).ItisalsocontemplatedthatateachinstancerSUChtermsmaybedeleted.  

Fortheavoidanceofdoubtthedoseadministeredtoasubjectparticularlyahuman 

5 subjectinthecontextofthepresentinventionshouldbesufficienttoeffecta 

therapeuticresponseinthesubaectoverareasonabletirneframe. Oneskilledinthe 

artwillrecognizethattheselectionoftheexactdoseandcompositionandthemost 

appropriatedeliveryregimenwillalsobeinfluencedbyinteral/athepharmacological 

propertiesoftheformulationthenatureandseverityoftheconditionbeingtreated, 

10 andthephysicalconditionandmentalacuityoftherecipientraswellasthepotencyof 

thespecificcompoundtheageconditionbodyweightsexandresponseofthe 
S subaecttobetreatedandthestage/severityofthedisease.  

inanyeventthemedicalpractitionerorotherskilledperson, U beabletodetermine 

15 routinelytheactualdosagewhichwillbemostsuitableforanindividualsubject.The 

above~rnentioneddosagesareexemplaryoftheaveragecase;therecanofcoursebe 

individualinstanceswherehigherorlowerdosagerangesaremeritedandsuchare 

U thescopeofthisinvention.  

20 Combinations and kits-oF arts 

Theskilledperson willunderstandthattreatmentwithcompoundsoftheinventionmay 

furthercomprise(ihekbecombinedwith)furthertreatment(s)forthesamecondition.  

other(Le.different)therapeuticagents(Lenagentsthatarenotcompoundsofthe 

invention)thatareusefulinthetreatmentadisorderorconditionamelioratedbythe 

activationofAMPK. Suchcombinationproductsthatprovidefortheadministrationof 

acompoundoftheinventioninconjunctionwithoneormoreothertherapeuticagent 

30 maybepresentedeitherasseparateformulations,.whereinatleastoneofthose 

formulationscomprisesacompoundoftheinventionandatleastonecomprisesthe 

othertherapeuticagentormaybepresented(1 1 e.formulated)asacombined 
preparation(La presentedasasingleformulationincludingacompoundofthe 

inventionandtheoneormoreothertherapeuticagent).  

-I 

Thusaccordingtoathirdaspectoftheinventionthereisprovidedacombination 

productcomprising: 

19 

25 inparticularcompoundsoftheinventionmayalsobecombinedwithoneorm.. ore
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(1) acompoundoftheinventionashereinbeforedefined(i.e.inthefirstaspectof 

theinventionincludingallembodimentsandparticularfeaturesthereof);and 

(ii) oneormoreothertherapeuticagentsthatisusefulinthetreatmentofa 

disorderorconditionamelioratedbytheactivationofAMPK(e.g.acardiovascular 

5 disease(suchasheartfailure),diabetickidneydiseaseandthelikeasdescribed 

herein), 

whereineachofcomponents(1)and(ii)isformulatedinadmixtureoptionallywith 

oneormorepharmaceuticallyacceptableexcipients.  

i0 

inafourthaspectoftheinventionthereisprovidedakiLof-parts I 

(a) apharmaceuticalformulationashereinbeforedefined(i.e.inthesecondaspect 

oftheinvention);and 

(b) oneormoreothertherapeuticagentsthatisusefulinthetreatmentofa 
15 disorderorconditionamelioratedbytheactivationofAMPK(eMg.acardiovascular 

disease(suchasheartfailure),diabetickidneydiseaseandthelikeasdescribed 
.1 herein),optionallyinadmixturewithoneormorepharmaceutically-acceptable 

recipients, 

20 whichcomponents(a)and(b)areeachprovidedinaformthatissuitablefor 
I K in LI (i.e.concomitantlyorsequentially)withtheother.  

Withrespecttothekits-of-partsasdescribedhereinby"administrationinconjunction 
U (andsimilarlywadministeredinconjunctionwithy)weI 

in.. dudethattherespective 

medicalinterventiondirectedtowardstreatmentoftherelevantcondition.  

~1 Thusinrelationtothepresentinventionthetermadministrationinconjunctionwith" 
Vt (andsimilarly administeredinconjunctionwithu)includesthatthetwoactive 

30 ingredients(Leeacompoundoftheinventionandafurtheragentforthetreatmentof 

adisorderorconditionamelioratedbytheactivationofAMPKorcompositions 

comprisingthesame)areadministered(optionallyrepeatedly)eithertogetheror 

sufficientlycloselyintimetoenableabeneficialeffectforthepatient,.thatisgreater,.  

overthecourseofthetreatmentoftherelevantconditionthanifeitheragentis 

-I administered(optionallyrepeatedly)aloneintheabsenceoftheothercomponent,.  

overthesamecourseoftreatment.Determinationofwhetheracombinationprovides 

agreaterbeneficialeffectinrespectofandoverthecourseoftreatmentofaparticular 

20 

25 formulationsareadministeredsequentiallyseparatelyorsimultaneouslyaspartofa
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conditionwilldependupontheconditiontobetreated,,butmaybeachievedroutinely 

bytheskilledperson.  

U 

Furtherinthecontextofthepresentinventiontheterm'inconjunctionwith"includes 

5 thatoneorotherofthetwoformulationsmaybeadministered(optionallyrepeatedly) 

priorto~aflerrand/oratthesametimeasadministrationoftheothercomponent.  

Whenusedinthiscontexttheterms~adniinisteredsimultaneously"and"administered 

atthesametimeas"includesinstanceswheretheindividualdosesofthecompound 

oftheinventionandtheadditionalcompoundforthetreatmentofadisorderor 

10 conditionamelioratedbytheactivationofAMPKorpharmaceuticallyacceptablesalts 

thereofareadministeredwithin48hours(e 1 g.within24hours 1 12hours,6hours 1 3 

hours,2hours1 Ihour..45minutes,30minutes,20minutesor10minutes)ofeach 

other.  

therapeuticagentsusefulinthetreatmentofadisorderorconditionameliorated 

bytheactivationofAMPK(suchasheartfailurediabetickidneydiseaseandthelike, 
.1 asdescribedherein)willbewelkknowntothoseskilledintheart. Preferablytheother 

therapeutic agent will be selected from the group consisting of biguanide 

antih..yperglycernicagentsandsodiurn~glucosetransportprotein2(SGLT2)inhibitors 

20 (andpharmaceuticallyacceptablesaltsandsolvatesthereof).  

L Biguanideantihyperglycernicagentsthatmaybementionedincludephenformin, 
U 

andparticuIanymetformin(andpharrnaceuticaIlyacceptablesaItsthereof) 

Thusinoneembodimentacompoundoftheinventionmaybeprovidedin 

treatan..'>' ofthediseasesdisclosedherein.  

Theskilledpersonwillunderstandthatasodium-glucosetransport U 

protein2inhibitor 

isasubstanceoragentthatelicitsadecreaseinoneormorefunctionsofsodium~ 

30 glucosetransportprotein2,andby"decreaseinthefunctionsofsodium~gIucose 
.1 transportprotein2"weincludethecessationofoneormorefunctionsofsodium 

glucosetransportprotein2,orareductionintherateofaparticularfunction. A 

particularfunctionthatmaybefullyorpartiallyinhibitedistheabilityofsodium~ 

glucosetransportprotein2toactasaglucosetransporter.  

-I 

inparticularembodimentsthesodium-glucosetransportprotein2inhibitorisa 

glifIozin~ Gliflozinsareaknownclassofsmalkmoleculesodium~glucosetransport 

protein2inhibitors1 Hawleyeta11 (Diabetes,.2016,.65,2784~~2794)andVillanietaI~ 

21 

25 combinationwithmetformin(orapharmaceuticallyacceptablesaltthereof)inorderto
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(MolecularMetabolism,2016,5,1048-1056)haverecentlydiscussedthepossible 

mechanismsof H ofcertaingliflozins.Particulargliflozinswhichmaybementioned 

includecanagliflozindapagliflozinempaglifiozinipragliflozintofoglifiozin 1 sergliflozin 

(suchassergilfiozinetabonate),remoglifiozin(suchasrernogliflozinetabonate), 

5 ertugliflozinandsotagliflozinandpharmaceuticallyacceptablesaltsandsolvates 

thereof.  

Medicaluses 

10 Asindicatedhereinthecompoundsoftheinventionareusefulaspharmaceuticals.  

Compoundsoftheinventionareusefulbecausetheypossesspharmacologicalactivity, 

and/oraremetabolisedinthebodyfollowingoralorparenteraladministrationtoform 

acompoundthatpossessespharmacologicalactivity.  

15 ThusaccordingtoafifthaspectoftheinventionthereUisprovidedacompoundofthe 
I U In..Ventionashereinbeforedefined(i.e.acompoundasdefinedinthefirstaspectof 

theinvention),orapharmaceutical:formulationcombinationproductorkitofpartsas 
in 

definedinrespectofthesecondthirdandfourthaspectsoftheinventionforuseU 
medicine.Fortheavoidanceofdoubtreferencestocompoundsasdefinedinthefirst 

20 aspectofthe inventionincludereferencestocompoundsofformulaI(includingall 

embodimentsthereof)andpharmaceuticallyacceptablesaltsandsolvatesthereof.  

Compoundsoftheinvention(be.acompoundasdefinedintheIlrstaspectofthe 
I an..vention),andformulationscombinationproductsandkitscontainingthesamemay 

ofAMP~activatedproteinkinase(AMPK).ThusUinasixthaspectoftheinventionthere 

isprovidedacompoundoftheinventionoraformulationcomprisingsaidcompound, 

foruseUinthetreatmentofadisorderorconditionamelioratedbytheactivationof 

AMPK.  

30 

Similarlythereisprovidedtheuseofacompoundoftheinventionoraformulation 

comprisingsaidcompound,.inthemanufactureofamedicamentforthetreatmentof 

adisorderorconditionamelioratedbytheactivationofAMPKPTnafurtheralternative 

sixthaspectoftheinventionthereF'Isprovidedamethodoftreatingadisorderor 
-I conditionamelioratedbytheactivationofAMPKcomprisingadministeringacompound 

oftheinvention(oraformulationcomprisingsaidcompound)toasubject(e 1 g.a 

human)inneedthereof.  

22 

25 beparticularlyusefulintreatingadisorderorconditionamelioratedbytheactivation
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ByactivateAMPK',wemeanthatthesteadystatelevelofphosphorylationoftheThra 

172moietyoftheAMPKaQ(AMPK-alpha)subunitisincreasedcomparedtothesteady 

statelevelofphosphorylationintheabsenceofacompoundofformulaIoranactive 

metabolite thereof (e.g. 4~chioro~Na[2aE(4mchiorophenyi)methylja3aoxo~1,2,4~ 

5 thiadiazol-5-yljbenzamide). Alternativelyorinadditionwemeanthatthereisa 

highersteadystatelevelofphosphorylationofanyotherproteinsdownstreamofAMPK, 

suchasacetyl-CoAcarboxylase(ACC).  

Theterms"disorderorconditionamelioratedbytheactivationofAMPK'~willbe 

10 understoodbythoseskilledinthearttoincludecardiovasculardisease(suchasheart 

failure),diabetickidneydiseasefdiabetes(suchastype2diabetes),insulinresistancer 

nonaalcoholicfattyliverdiseasenonaalcoholicsteatohepatitispainopioidaddiction, 

obesitycancerinflammation(includingchronicinflammatorydiseases)rautoimmune 

diseasesosteoporosisandintestinaldiseases.Otherdiseasesorconditionsthatmay 

15 beamelioratedbytheactivationofAMPKinclude .1 

hypennsulinerniaandassociated 
conditionsacondition/disorderwherefibrosisplaysarolesexualdysfunctionand 

neurodegenerativediseases.  

Thetermiicar~cer1 5 1 willbeunderstoodbythoseskilledinthearttoincludeoneormore 
20 diseasesLIintheclassofdisordersthatischaracterizedbyuncontrolleddivisionofcells 

andtheabilityofthesecellstoinvadeothertissueseitherbydirectgrowthinto 

adjacenttissuethroughinvasionproliferationorbyimplantationintodistantsitesby 

.y proieraion~7f weincludeanincreaseinthenumberand/or Usizeof 

metastasisFr wemeanthemovementor K U 

cancercells.By migration(egg.invasiveness) 

25 ofcancercellsfroma K 

areaswithinthesubject1 sbody(wherethecellscanthenformsecondarytumors).  

Thuscompoundsoftheinventionmaybesuitableforuseinthetreatmentofany 

cancertypeincludingalltumors(non~soIidandpreferablysolidtumorssuchas 

30 carcinomaadenomaadenocarcinomabloodcancerirrespectiveoftheorgan). For 

examplethecancercellsmaybeselectedfromthegroupconsistingofcancercellsof 

the breast,. bile duct, brain, colon, stomach, reproductive organs, thyroid, 

hematopoleticsystemlungandairwaysskingallbladderlivernasopharynxnerve 

cellskidneyprostatelymphglandsandgastrointestinaltract.Preferablythecancer 

-I isselectedfromthegroupconsistingofcoloncancer(includingcolorectaladenomas),.  

breastcancer(e.g.postmenopausalbreastcancer),endometrialcancercancersofthe 

hematopoleticsystem(e1 g.leukemialymphomaetc t),thyroidcancerkidneycancer, 

oesophageaIadenocarelnomaovanancancerprostatecancerpancreaticcancer, 

23 

primarytumorsiteinthebodyofasubjecttooneormoreother
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gallbladdercancerlivercancerandcervicalcancer.Morepreferablythecanceris 

selectedfromthegroupconsistingofcolonfprostateandparticularlybreastcancer.  

Wherethecancerisanon-solidtumoritispreferablyahematopoletictumorsuchas 

aleukemia(e.g.AcuteMyelogenousLeukemia(AML)rChronicMyelogenousLeukemia 

5 (CML),AcuteLymphocyticLeukemia(ALL),orChronicLymphocyticLeukemia(CLL).  

Preferablythecancercellsarebreastcancercells.  

Theterm~diabetesyr (i.e.diabetesmellitus)willbeunderstoodbythoseskilledinthe 

arttorefertobothtypeI(insulin-dependent)diabetesandtype2(insulina 

10 independent)diabetesrbothofwhichinvolvethemalfunctionofglucosehomeostasis.  

Thecompoundsoftheinventionandformulationsthereofmaybeparticularlysuitable 
foruseinthetreatmentoftypeIdiabetes I 

and/ortype2diabetes.Thecompoundsof 

theinventionareparticularlysuitedforthetreatmentoftype2diabetes 3 

15 Aswellasbeingusefulinthetreatmentofdiabetesthecompoundsoftheinvention 
U arealsosuitablefortreatingdiabetickidneydisease(Le.diabeticnephropathy).  

"Diabetickidneydiseasea referstokidneydamagecausedbydiabetesandisaserious 

complicationoftypeIdiabetesandtype2diabetes. Diabetickidneydiseaseaffects 

thekidneys1 abilitytoremovewasteproductsfrombloodtobeexcretedas .1 

20 canleadtokidneyfailure.  

Moreoverthecompoundsoftheinventionarealsosuitablefortreatingchronickidney 
U diseaseincludingchronickidneydiseaseintheabsenceoftype2diabetes.~Chronic 

j7j U kidneydiseaseisaconditioncharacterisedbyagraduallossofkidneyfunctionover 

orconditionsthataffectthekidneyssuchashighbloodpressurediabeteshigh 

cholesterol, kidney infections, glornerulonephritis, polycystic kidney disease, 

obstructionoftheurinarytractblockagesintheflowofurineandlong4errnmedication 

use.  

30 
Theterm K iJv 

"hyperinsulinemiaoranassociatedcondition willbeunderstoodbythose 

skilledinthearttoincludehyperinsulinemiatype2diabetesglucoseintolerance, 

insulinresistancemetabolicsyndromedyslipiderniahyperinsulinisminchildhood, 

hypercholesterolerniahighbloodpressure,.obesityfattyliverconditions,.diabetic 

-I nephropathydiabeticneuropathydiabeticretinopathy, cardlovasculardisease,.  

atherosclerosis, cerebrovascular conditions such as stroke, systemic lupus 

erythernatosus, neurodegenerative diseases such as Alzheimer"s disease, and 

24 

25 time.Chronickidneydiseaseusuallyoccursasaresultofoneormoreotherdiseases
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polycysticovarysyndrome. Otherdiseasestatesincludeprogressiverenaldisease 

suchaschronicrenalfailure.  

Inparticularcompoundsoftheinventionandformulationsthereofmaybesuitablefor 

useinthetreatmentofobesityassociatedwithhyperinsulinemiaand/orcardiovascular 

diseaseassociatedwithhyperinsulinemia.  

Compoundsoftheinventionandformulationsthereofmayalsobesuitableforusein 

thetreatmentofcardiovasculardisease, such as heartfailure5 wherein said 

10 cardiovasculardiseaseisnotassociatedwithhyperinsulinemia.Similarlycompounds 

oftheinventionandformulationsthereofmayalsobesuitableforuseinthetreatment 

ofobesitywhichisnotassociatedwithhyperinsulinemia.Fortheavoidanceofdoubt, 

thetreatmentofobesityand/orcardiovasculardisease(suchasheartfailure)where 

AMPKactivationmaybebeneficialisincludedwithinthescopeoftheinvention.  

15 

Acondition/disorderwherefibrosisplaysaroleincludes(butisnotlimitedto)scar 

healingkeloidsscierodermapulmonarylibrosis(includingidiopathicpulmonary 

fibrosis), nephrogenic systemic Enbrosis, and cardiovascularEnbrosis (including 
L 

endornyocardialfibrosis),systemicsclerosislivercirrhosiseyemaculardegeneration, 
20 retinalandvitrealretinopathyCrohn's/inflammatoryboweldiseaseposbsurgicalscar 

tissue formation radiation and chernotherapeutic~drug induced fibrosis, and 

cardiovascular I 

Thecompoundsofinventionmayalsobeusefulinthetreatmentofsexualdysfunction 

usefulinthetreatmentofinflammation.  

'V 
NeurodegenerativediseasesthatmaybementionedincludeAlzheimersdisease, 

ParkinsonFS disease and Huntingtons disease, amyotrophic lateral sclerosis, 

30 polyglutaminedisorderssuchasspinalandbulbarmuscularatrophy(SEMA), 

dentatorubralandpallidoluysianatrophy(DRPLA),andanumberofspinocerebellar 

ataxias(SCA).  

Compoundsoftheinventionmaybeusefulinthetreatmentofanon-alcoholicfatty 

-I liverdisease(NAFLD).  

Non~aIcoholicfattyliverdisease(NAFLD)isdefinedbyexcessivefataccumulationin 

theformoftriglycerides(steatosis)intheliver(designatedasanaccumulationof 

25 

25 (e.g.thetreatmentoferectiledysfunction).Thecompoundsofinventionmayalsobe
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greaterthan5O/~ ofhepatocyteshistologically).Itisthemostcommonliverdisorder 

indevelopedcountries(forexampleaffectingaround3GW/cofUSadults)andmost 

patientsareasymptomatic.Ifleftuntreatedtheconditionmayprogressivelyworsen 

andmayultimatelyleadtocirrhosisoftheliver. NAFLDisparticularlyprevalentin 

5 obesepatientswitharound3QO/~thoughttohavethedisease.  

NAFLDmaybediagnosedwhereinalcoholconsumptionofthepatientisnotconsidered 

tobeamaincausativefactor.Atypicalthresholdfordiagnosingafattyliverdisease 

aS~1¶ notalcoholrelated"isadailyconsumptionoflessthan20gforfemalesubjects 

10 andlessthan30gformalesubjects.  

ParticulardiseasesorconditionsthatareassociatedwithNAFLDincludemetabolic 

conditions such as diabetes, hypertension, obesity, dyslipidemia, 

abetaIipoprotelnemiaglycogenstoragediseasesWeber--ChristiaFldiseaseacutefatty 

15 liverofpregnancyandlipodystrophy. Othernormaicoholrelatedfactorsrelatedto 

fattyliverdiseasesincludemalnutritiontotalparenteralnutritionsevereweightlOss, 

refeedingsyndromejejunoilealbypassgastricbypasspolycysticovarysyndromeand 

diverticulosis.  

20 Non-alcoholicsteatohepatitis(NASH)isthemostaggressiveformofNAFLDandisa 

condition in which excessivefataccumulation (steatosis) is accompanied by 

I oftheliver. ifadvancedNASHcanleadtothedevelopmentofscar 

tissueintheliver(fibrosis)andeventuallycirrhosis. Asdescribedabovethe 

compoundsoftheinventionhavebeenfoundtobeusefulinthetreatmentofNAFLD 

thetreatmentofNASH.ThereforeUanafurtherembodimentsthetreatmentisofnon

aIcoholicsteatohepatitis(NASH) 

IthasbeenshownthatAMPKactivatorcompounds(suchas&chIoro-N-E2-E(4~ 

30 chIorophenyI)methyIJ=3~oxo=I,.2,4wthiadiazoIn5~yIJbenzamide(Lathecompoundof 

formulaID)arecapableoftreatingpain(DasVetal.RegAnesthPainMed2019;O:j:ssz 

sqdoi:IOI136/rapm~2O19w1QO839andDasV 1 etal.RegfknesthPainMed2019;O:I

6.doi:IO.1136/rapm-2019400651)andsuchcompoundsmaybeconsideredtobe 

analgesics.itthereforefollowsthatsincethecompoundsoftheinventionarecapable 
-I 

activatingAMPKoraremetabolisedinvivotoformaknownAMPKactivator 
compoundthecompoundsoftheinventionmaybeusefulinthetreatmentofpain.In 

particularthecompoundsoftheinventionmaybeusefulinthetreatmentofpatients 

withseverepainchronicpainorusefulinthemanagementofpainaftersurgery.  

26 

25 andinflammation. Itfollowsthatthecompoundsoftheinventionarealsousefulin
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Opioidtasedtherapiessuchasopicidanalgesicsareusedtotreatsevererchronic 
hi cancerpainacutepain(e 3 g.duringrecoveryfromsurgeryandbreakthroughpain)and 

theiruseisincreasinginthemanagementofchronicrnon-malignantpain. However, 

5 theincreasinguseofopioidtasedtherapiestotreatpainhasresultedinanincrease 
ofopiolddependence(eEg.opioldaddiction)~AsAMPK U 

activatorsthecompoundsof 

theinventionmaybeusedtotreatpaininplaceofanoploid-basedtherapyasknown 

bythoseskilledintheart. Accordinglythecompoundsoftheinventionmaybeuseful 

intreatingopioidaddiction.  

i0 

Particular autoimmune diseases know to those skilled in the art include 

Crohn's/inflammatoryboweldiseasesystemiclupuserythematosusandtypeI 

diabetes.  

15 ParticularintestinaldiseasesthatshouldbementionedincludeCrohn~s/inEflammatory 

boweldiseaseandcancerofgastrointestinaltract.  

Theskilledpersonwillunderstandthatreferencestothewtreatment~ 1 ofaparticular 
condition(orsimilarlyto't~ LI 

treatingthatcondition)willtaketheirnormalmeaningsin 

20 thefieldofmedicine.Inparticularthetermsmayrefertoachievingareductioninthe 

severityand/orfrequencyofoccurrenceofoneormoreclinicalsymptomassociated 

U theconditionasjudgedbyaphysicianattendingasubject I 

havingorbeing 
susceptibletosuchsymptoms.  

25 Theskilledperson U 

a inasubjectinneedthereof.Theneedofasubjectforsuchtreatmentorprevention 
LI 

maybeassessedbythoseskilledtheartusingroutinetechniques.Inthecontextof 
thepresentinventionasubjectinneeds'&thecompoundoftheinventionincludesa 

subjectthatissufferingadisorderorconditionamelioratedbytheactivationofAMPK.  

30 Asusedhereintheterms~diseaseDr and"disorder"(andsimilarlythetermscondition, 

illnessmedicalproblemandthelike)maybeusedinterchangeably.  

Withoutwishingtobeboundbytheoryitisbelievedthattheadministrationofa 

compound ofthe invention enhancesthe bioavailabilityof4~chIoro~Nwj2sE(4n 

-I chIorophenyl)methyI)w3~oxo4,2,4nthiadiazoIw5nylJbenzamide in the systemic 

circulation. Administrationofformulationscomprisingacompoundoftheinvention 

hasbeenshowntoprovideanapproximatelytwo4oldincreaseintheplasma 

concentration of 4nchlorowN424(4~chlorophenyl)methyI)~3noxonI,2,4nthiadiazoV5n 

27 

wallunderstandthatsuchtreatmentorpreventionwillbeperformed
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yljbenzamideundercertaincircumstancescomparedtoadministrationofaformulation 

that comprises 4-chIoro~N424(4-chIorophenyI)methyI>3-oxo-1f2,4-thiadiazoV5

yljbenzamide.  

5 Compoundsoftheinvention(andformulationsthereof)mayhavetheadvantagethat 

theymaybemoreefficaciousthan 1 belesstoxicthanbelongeractingthanbemore 

potentthanrproducefewersideeffectsthanbemoreeasilyabsorbedthanrand/or 

haveabetterpharmacokineticprofile(e.g.higheroralbioavailabilityand/orlower 

clearance)thanand/orhaveotherusefulpharmacologicalphysicalorchemical 

10 propertiesoverothertherapiesknowninthepriorartwhetherforuseintheabove

statedindicationsorotherwise. Inparticularcompoundsoftheinventionmayhave 

theadvantagethattheyaremoreefficaciousand/orexhibitadvantageousproperties 

invivo.  

15 Figures 

Thefollowingdrawingsareprovidedtoillustratevariousaspectsofthepresent 
I U InVentiveconceptandarenotintendedtolimitthescopeofthepresentinvention 

herein.  
unlessspecified U 

20 

Figure1showswesternblotimagesthatdemonstratethatCompounds3and5 
I 

increasephosphorylationofAMPKinadose-dependentmanner.  

Figure2showscomparativeresultsoforalpharmacokineticstudiesusingCompoundI 

Examples 

Thepresentinventionisexplainedingreaterdetailinthefollowingnon~limiting 

30 examples.  

Thereactionschemesdescribedbelowareintendedtoprovideageneraldescriptionof 

themethodologyemployedinthepreparationofthecompoundsoftheinvention.The 

examplesprovidedhereinareofferedtoillustratebutnotlimitthecompoundsofthe 

-I inventionaswellasthepreparationofsuchcompoundsandintermediates.  

Allstartingmaterialsbuildingblocksreagentsacidsbasesdehydratingagents, 

solventsandcatalystsutilisedtosynthesisethecompoundsoftheinventionareeither 

28 

25 andCompound3.
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commerciallyavailableorcanberoutinelypreparedbyproceduresdescribedinthe 

literatureforexampleHouben-Weyl~'ScienceofSynthesis"volumes1-48,Georg 

ThemeVerlagandsubsequentversionsthereof.  

5 Areactionmaybecarriedoutinthepresenceofasuitablesolventordiluentorof 

mixturethereofinamannerknowntothoseskilledintheartoforganicsynthesis.A 

reactionmayalsobecarriedoutifneededrinthepresenceofanacidorabasewith 

coolingorheatingforexampleinatemperaturerangefromabout-30 0 Ctoabout 

1500 C.Insomeembodimentsareactioniscarriedoutinatemperaturerangefrom 

10 aboutC0 Ctoabout100~Candmoreparticularlyinatemperaturerangefromroom 

temperaturetoabout80 0 Cinanopenorclosedreactionvesseland/orinthe 

atmosphereofaninertgasforexamplenitrogen.  

Abbreviations 

15 Abbreviationsasusedhereinwillbeknowntothoseskilledintheart. particular, 

thefollowingabbreviationsmaybeused U 

AUC: Areaundertheconcentration-timecurve 
N aq. Aqueous 

20 Bodyweight 

CmaxU Peakplasmaconcentration 

Double 

DCMi Dichioromethane 
made DMF: Dirnethylforma U 

DM50: DirnethylsuIfoxide 

EST: Electrosprayionisation 

Et'z~N: Triethylamine 

EtOHPU Ethanol 

30 g: Gram 

Ii: Hours 

I Highperformanceliquidchromatography 

U Liquidchromatography 

LCMS: Liquidchromatography- massspectrometry 

-I LC~MS/MS: Liquidchromatography- (tandem)massspectrometry 

LLOQ: Lowerlimitofquantification 

Multiple 

MeOW Methanol~d4 

29 

25 DMAP: 4-Dirnethylarninopyridine
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Mm: Minutes 

mL: Milillitre 

MRT: Meanresidencetime 

nBu3N; Tributylamlne 

5 ND: Notdetected 

N Nuclearmagneticresonance 

h Roomtemperature 

Singlet 
i Half-life 

Ti,':.  
10 i Timetoreachthepeakplasmaconcentration 

THF: Tetrahydrofuran 

TLC: Thinalayerchromatography 

InstrumentationConditions 

LC Parameters 
Column: AghlentZorbaxSB~C8,50x4.6mm, 

350pm 
Mobile i 5mMammoniurnacetate:methanol 

withO~1Woformicacid(15:85v/v) 
Separationmode: Isocratic 
Flowrate: 0300mL/rnin 
Injectionvolume: 2pL 
Autosampler N 40 C 
Columnoventemperature: 400 C 
LC-MS/MS ShimadzuLCMS~8O45 
Source ESI 
PoIarity Positive 
m1 zofanalyte(CompoundI) 379300 89.100 
m/zofinternalstandard(warfarin) 309.100>25i~1O0 

Thepresentinventionwillbefurtherdescribedbyreferencetothefollowingexamples, 

whicharenotintendedtolimitthescopeoftheinvention.  

30 

15
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-Sn========= I: reparation of 4 Sn5=p S555555 (4~555-chiorobenz I~iminoia2d 
~~~SSS~~~SSS~~~SSS ~ ~SSS~~~SSS~~~SSS~~~SSS~~~SSS~~~SSS~~~SSS~~~SSS~~~SSS ~5~SjS 555555555555SSfl~SS555555.m-cnnr 

chioro hen I meth IE -3~oxo-1 2 &thiadiazolidin-4- I~methox -4-oxobutanoic acid 
.5555555555555555I;~5555555555~(55~)55555555555555~5555555555555555555555~tE5555(55555555555555555555555555555555555555555555555 555555555555555555 555sssssssssssssssssssssssssssssssssssssssssssssss 

N' N formaldehydeEt 3N NdS~~N ci 
NH S555555555555555555555555555~ N o 

ci 0 DMFRT,14h CI 
HO 

1 2 
CI ~%~Nv\ I 

I 

ahydrideci N 0 
DMAP 

so 
THF.RT.12h 

Os 
OH 

.3 

5 

Compound I: ~2,4~thiadiazoi~5~ 

yIJbenzamide 
U CompoundIwaspreparedinaccordancewiththeproceduresdescribedinWO 

20~1/004162 

ic~ 
Compound 2: 4-chioro~(2aaf(4a chioropheny9methyIJ~4Zr (hydroxymethyl)n3aoxo 

:1,2,4~-LbIadiazoIidTh= 3%ylldene}benzamide 

stirringsolutionofCompoundI(10g,0h026mol)inDMF(200rnL)wereadded 

15 mixturewasstirredatRTfor12to14h.  

ThereactionmixturewasthenconcentratedtoremovetheDMF.Thecrudematerial 
I U 

wasslurriedinwater(100rnL)for30minutes.Theslurrywasfilteredand 

driedatambienttemperaturetoyieldCompound2aswhitesolid(9~6g,905%yield).  

20 

Cornpound 3: 'P({JSZ)aSaf(4thlorobenzoyi)imino]~2j44~chioropheny9rnethyIft3

oxoM ,2,4~thi63diazOlldThar4nyijmethoxy)r4~=oxobutanoicacid 

ToastirringsolutionofCompound2(109,0.024mol)inTHF(200mL)wereadded 

DMAF'(O~44g,01J04moDandsuccinicanhydride(7~29g,.Q~Q72mol).Thereaction 

25 mixturewasstirredatRTfor12h.  

31 

Et3N(15rnLO~1O5mol)and37O/~formaldehyde(8~5rnLO~1O5mci).Thereaction
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Aftercompletion(asobservedbyTLC),thereactionmixturewasconcentratedto 

removetheTHE ThecrudematerialobtainedwasdilutedwithTHF(100mL),stirred 

forihatRTandfilteredtoaffordCompound3asawhitesolid(7.3g,59Q/~yield).  

'HNMR(300MHzMeOD)?5(ppm):2.61(in 1 4H),4.72(s,2H),6.10(s,2H),7.29(dd5 

5 4H),7~4I(d,2H),842(d,2H).  

LCMS:51O~4[M±H].  

HPLC:>95C/~purityat13.6minutes.  

Example 2: ration of disodium -54(4-chiorobenzoy minoia2aLL4s 
pappappappap pappappappappappappappp pappappappappappappappappappappappappappappappappappappappappappap pappapp apappappa~ flpappappappappappappappappappappappapp papp apappappappappa~pppappap pap=3 

10 ---------------------------- ----------------------------------------S 32----r---7th i a d I a zo I I d i n -4 ph ate 
chlorophen methylE 3aoxomI24 -y4rneth os 

formaldehyde 
N'9 CI ElaN N4

ci DMFRT,14h Cl 
HO 

1 2 

H3P04  Soc'2 750 C,3h 
iN 
NNN 
NN nE3u3N NN 

N S I 
N 
N 

-4 CI EtOHIRTN CI 
NN 
NN 

NN 

N 

0 Ii N 
0 a® 

Na I)DCM~6O0C CI CI 
P 0 ii)NaCH(aq),RT 

0 ONa 

Compound 2: 4-chioro~(2aa[(4a ch~orophenyl)methy/IAIs, (hydroxymethyl)~oxo 

I5 1,2,4~-Lb(adiazolid/nSr 5~ylldene}benzamide 

Compound2waspreparedinaccordancewiththeproceduredescribedinExampleL 

Compound4:4achioro~(4~-(chioromethyl)~2nt(4achiorophenyOrnethyljKaoxoan~,2,4~ 

thIadiazolidn=~ 5=ylidene}benzamide 

20 AmixtureofCompound2(10g,0M0243mol)andthion..yIchloride(60rnL)washeated 

to75CCoveraperiodof3W 

Aftercompletion(asobservedbyTLC),thereactionmixturewasconcentratedandthe 

crudeproductwaswashedwithdiethylether(3x100mL)toaffordCompound4asa 

25 whitesolid(9~5g,90%yield)1 

32 

5 4
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Compound 5: disodium C(52)54(4Uchiorobenzoyl)imino]-2-[(4
chiorophenyi)methyQ3-oxo- 12,4attiiadiazoiidin-4~yiJmethyiphosphate 

Toastirringsolutionofphosphoricacid(85O/~,15.1g,0.154mcI)inethanol(60mL)r 

tributylamine(83mL,035mc!)wasaddedatambienttemperature.Thesolventwas 

5 removedbyevaporationandtheresiduewasdissolvedinDCM(60mL). TheDCM 

solutionwasdriedoversodiumsulphatefilteredandevaporatedtoafforddi-tributyl

ammoniumdihydrogenphosphate.  

AmixtureofCompound4(10g,0.007moDandtheabovepreparedtributyla 

10 ammoniumdihydrogenphosphatewastakeninDCM(60mL)andstirredfor10mm.  

Thereactionmixturewasdistilledoffat40 0 Candtheresidueobtainedwasheatedat 

600 Conawaterbathfor10to15minutes.TheresiduewasreadissolvedinDCM(6 

mL),theDCMwasdistilledoffandresidueobtainedwasheatedat60 0 Conawater 

bathfor10to15mm.Theaboveprocedurewasrepeatedforfourtimes.  

15 

Aftercompletion(asobservedbyTLC),theresiduewasdissolvedinDCM(4rnL)and 

washedwithwater(3x4rnL)hTheorganicphasewasseparateddriedoversodium 
I 

sulphatelilteredandconcentrated.Thecrudeproductobtaineduponevaporationwas 

takeninwaterandbasified(pH9to9.5)withO~2Nisodiumhydroxide!After 

20 basillcationthemixturewasEf~iteredandfiltratewaslyophilizedtoyieldCompound5 

asawhitesolid(OhSg,17.5%yield).  

'HNMR(300MHzDMSO-D6)5(ppm):4.78(s,2H),5.55(s,2H),7.40(dd,4H),755 

(d,2H),849(d,2H).  

LCMS:4904EM+H).  

Example 3 ~ Solubility of compounds at different pH 

Methods 

30 ApproximatelySmgofeachtestcompound(CompoundsIand5)wasweighedin 
U duplicateandeachweighedsamplewastransferredtoaseparatecentrifugetube 

containingSrnLoftherespectivebutter. Allthetubesweretightlystopperedand 

wrrjn 

agitatedataconstantrateat30~ ~Cusinganorbitalshaker.  

-I After24hoursonetubeofeachbuffersolutionwasremovedfromtheshaker.50pL 

ofthebuffersolutionfromeachremovedtubewastransferredintoa10mLtubeand 

madeuptothemarkwithdiluent.Then2~5mLofthesupernatantofeachtubewas 

transferredintoa50mLtubeandmadeupto25mL.  

33 

25 HPLC:>980~Purityat8.2minutes.
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Thenominalconcentrationofthesolutionineach50mLtubewas5pg/mL.  

Linearitysolutionsof40ng/mLto10000ng/mLwereplotted.  

5 

Results 

TheresultsforthesolubilityexperimentsaretabulatedinTablesIand2below 1 

TheresultsshowthatCompound5hasahighersolubilitycomparedtoCompoundIin 

10 basicsolutions(i.e.pH>7)aswellasinmildlyacidicconditions. particular, 

CompoundSisupto30-timesmoresolubleinbasicsolutioncomparedtoCompound 

Lu 

w-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N 
N 

Nw~ritit~fluCCrO% 

NN Solubility:2hoursincubation 
N 
N 
N 
1 
N 
N 

N 

NNN Solubility(mg/mL) 
N N 
N 
N ------------------------------------------------------------------------------------------------------------------------- F 
N N 
N N 
NW'~NEUE~E N 
N 
N 
N 

NN CompoundICompound5* 
N N N N 
N N 
N N 
N N 
N N 
N N 
I 9---------------------------------------------
N 

N NHCIDUllerpm±ILU IND 
NN ND 
N N 
N N 
N N 
N N 
I==========ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssS SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS==~ssssssssssssssssssssssssssssssssssssssssssSn 

N 
N 
N BufferpH:'+~u ND 10.015 
N 

N N 
N N 
N N 
N N 
I---------------------------------------------------------------------------------------~ -------------------------------------------------------------------------------------------------------------------------a--------------------------
N 
N 

N znrt 
NN BufferpH: INC.119 
N N 
N N 
N N 
K 'MI 

N N 
N 
N 
Nc~INr.Jc!r1c.2t BorateBufferpH:9~2OC~O29 
N 
N 
N 
N 

~-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

N.  
N 
N NUltrapurewater 
N 
N 
N 

N Note:NDind~:catesnotdetectedconcentrationwasbelowLLOQ,; 

15 * HPLCwasanalysisperformedforCompoundS 

555=5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==5==~=S= 

N 
N 
N 
N 
N flK~tA~A~UQINaFI~.  hoursincubation 
N Solubility:~u 

N ISolubihity(mg/rnL) N N N N 
N N 
N N 
N N 
N I 

N 
N N 
N N 
N 
N 

N 

NNN NCompoundICompound5* 
N N 
N N 
N N 
N N 
N N 
I------------------------------------------------------------------------------------------a-----------------------~ -----------------------------------------------------------------------------------------------------------------------------------

N 
N 
N Buffer, N N ND 
N 1~11 
N 

N N 
N N 
N N 
K 'I 

N N 
N 

NN Buffer,.pH:~ IND O~O15 
N 

N N 
N N 
N N 

N.--------------------------------------'1~---------------
NN BufferpH: IND 0M098 
N 

N 
N 

N N 
N N 

:-===~=~SnSflSnSflSnSflSnSflSnSflSnSflSnSflSnSflSnSflSnSflSnSflSnSflSnSS~SSSnSflSnSflSnSflSnSflSnSflSnSM SflSnSflSnSflSnSflSnSflSnSflSnSflSnS 

N 

NN BorateBufferpH~ 10.044 1.239 
N 

N N 
N N 
N N 

I-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------#.----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N 
N 
N 

NNUltrapure IND 0.036 
N N 
N N 
N N 
N N 

a--------------------------------------------------------------------------------------------------------------------a Note:NDindicatesnotde~~oLedconcentrationwasbe!owLLOQ; 

4HPLCwasanalysisDerFormedforCompoundS 

20 Table2~ResultsofaTwenty4iourSolubilityStudyofCompoundsIand5 

34 
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Example 4 - Stability of ccnipounds 

5pMsolutionsofCompounds1,3and5inUSPbuffer(pH:7.40)werepreparedwith 

5 5 mM DMSO stocksolutions.Thesolutionswereincubatedat37 0 Cfor120minutes, 

withshakingat400rpmusingathermomixer.  

After0,15,30,60and120minuteintervals5 aliquotsofsufficientvolumeofthe 

compoundsolutionsweretakendilutedtothefinalconcentrationandanalysed.  

i0 

Results 

TheresultsforthestabilityexperimentsaretabulatedinTable3below.  

TheresultsshowthatCompounds3and5possesscomparablestabilitytoCompound 

15 1 inmildlybasicsolutions(Le.pH~- 7M4).  

U 

N N 
N N 
N~.J8iVt N 

N remaining compared to OaOmm N 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- IN 

N N 
N a N 

N Zn 
Test Compound N miii 60 mm 120 mm I 
-------------------------------------------------------------------------- N*-----------------------------------------------------------------------------------------------------------------------------N 

N N 
N N 
N N 

] N IPIIII N Compound N 4jJ~J~J~J N 
N NN 

-------------------------------------------------------------------------- r----------------------------I 
N N 
N N 
N N 
N VI.SLW~1ThCU.. T.J~LC in N Compound 3 ________ _______ i;niii;;i Cfl'-~Pfl ~ fTqtJ N N 
N_______________________________________________________ _______________________________________________ N 
N 1 
N N 
N N 

N N Compound 5 ________ _______ ________ 
NWkJ,~JiJ t7Ii*taJltrJ 

I N________________________________________________________________________________________________________________I N 

I Table3~ComparativeStabilityDataI InPhosphateBuffer(pH:7.40) 
s-s 

Example 5 Activation ~:f AMPK 

CultivationandCompoundTreatmentofINS-2EinsulinomaCells 

INS-IE cells were cultivated as described in Steneberg eta/p, JOT Insight.  

201t3;3(12):e991.14.https://doi.org/IO.II72/jci~inshght~99114,.using5C/~ insteadof 

25 102'tfetalbovineserumwhenplatedfortreatment.  

Compound3wasdissolvedat10mMinDM50andfrozenat~20 0 C~ 

CompoundSwasdissolvedat10mMina50:50water/DMSOmixtureincubatedfor 

-I 15minutesatroomtemperatureinultrasonicbath(VWRultrasoniccleaner),and 

storedatroomtemperature.  

TheINS-IEcellsweretreatedinserumfreemediumwithincreasingdosesof 

Compounds3andSfor4and16hoursrespectively!inaccordancewiththemethods 

35 
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described in Steneberg et at, JCI insight. 2018;3(12):e99114.  
p. Pr we 6 q 

4 4. h ~ti.qA ~ 6% .e~ *,A 
tq* Iricsj %~i'~1 tN ?6~ ~~~ : +i~ :-'C~h , q ~ht~! e~* ~ ce-s~ 

LIPLUVeb LtI i -~ ~ p *:'u ~ u.s. L&.U .m

WesternBlotanalysis 

5 

Westernblotanalysis oftheINS-IEcellswasperformedasdescribedinSteneberget 

a!., JCI Insight. 2018;3(12);e99114. 1 jc1.insighL99li4. The 

https;//doi.org/1O.1172/ 

cell lysateswerepassedthrougha30-gaugeneedlerv8-timesandcentrifugedfor10 

mm at +4 0 C at 14000 rpm.Quantifiedvaluesfor AMPKa, and phosphoryiatedJl72 

10 AMPKuwerenormalized towardthequantifiedvaluesfor~%Actin.  

Results 

TheresultsforWesternblotanalysisaretabulatedinTable3belowandareshown 

graphicallyinFigureL 

15 

TheresultsshowthatCompounds3and5increasephosphorylate&T172AMPKina 
.1 

dose~dependentmannerinculturedINS-IEcells. Compounds3and5aretherefore 
agonists ofAMPK.  

Control 2.5 pM 5 pM 10 pM 

N 

N 

(0.1% DMSO) NN ~ h 1.00 1.62 1.88 2.95 
NN 

------------------------------------------------------------------ I----------------------------------------------------

N 
N S(Q~Q5O/~DMSO)NN IGh 1.00 1.29 1.62 3~2I 
NN 

N___________________________________________________________ _______________________________________________________________________________________________________________________________________________________________________________________________________________ _____________________________________________________________________ 

20 Table4.The ratiobetweenpJi72AMPKandnon-phosphorylatedAMPK 

----------------------- /-0f Carn unds I and 3 in 

Dawley Rats 

25 FormulationofCompoundI 

10KbrnLof2~/ow/vmethylcellulosesolutioninphosphatebuffer(pH75)wasadded 

toa100rnLconicalflaskalongwithI gof2mmglassbeads. Thesolutionwas 
vigorouslystirredonamagneticstirrer. 100rngofCompoundIwasslowlyaddedto 

thesolutionandthesolutionwasvigorouslystirredforapproximatelyIh.ThepHof 

-I theformulationwasmeasuredtobe7~49.Eachformulationwasfreshlypreparedprior 

toadministrationtotheanimals.ThefinalconcentrationofCompoundIinofthe 

formulationwas mg/mL. metormulationwasadministeredat5 I kgbody 

weight.  

35 FormulationofCompound3 

36 

~Exarnple6- SingleDoseOraIPharmacokineticStud pa Spragu
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10DbniLof2~/ow!vmethylcellulosesolutioninphosphatebuffer(pH7.5)wasadded 

toa100mLofconicalflasktogetherwithIgof2mmglassbeads.Thesolutionwas 

vigorouslystirredonamagneticstirrer.134mgofCompound3wasslowlyaddedto 

thesolutionandthesolutionWaSvigorouslystirredforapproximatelyih.ThepHof 

5 theformulationwasmeasuredtobe744.Eachformulationwasfreshlypreparedprior 

toadministrationtotheanimals. ThefinalconcentrationofCompound3inthe 

formulationwas13.4mg/niLwhichisequivalentto10mg/mLofCompound1.The 

formulationwasadministeredat5mL/kgbodyweight.  

10 Doseselectionandjustificationforselection 

Thedosesof50mg/kgand67mg/kgb.w.forCompoundIandCompound 

respectivelywereselectedforcomparisonofequimolardoses.  

DoseAdministration 

15 AdulthealthymaleSpragueDawleyratsaged9toIiweekswereusedfor 

experimentationafteraminimumthreedaysofaccilmatisation. Fedstateanimals 
N wereadministeredtheformulationofCompoundIorCompound3orallyviagavage 

atadoseof50mg/kgor67mg/kgbodyweightrespectively.  

20 BloodSampling 
Undermildisofluraneanesthesiablood U 

specimenswerecollectedbyretro-orbital 
U puncturemethodusingcapillarytubesintopre~labeIedtubescontaininganticoagulant 

(K2EDTA:2mg/rnLblood)duringthenext72hourspost-dosingasdetailedinTable 

6~ Forbloodsamplingatmultipletimepointstherightandlefteyeswereused 

minutesandtheplasmasampleswereseparatedandstoredat-800Cuntil K 

analysis.  

Results 

Theresultsforthesingledoseoralpharmacokineticstudyinratsaretabulatedin 

30 Tables4andSbelowandareshowngraphicallyinFigure2.InTable4,theCmaXTmax, 
AUCiast, .A.UCint, AUCextrap, T1 . and MRTiast values are for 4 hloro-N-[2-[(4~ 

~fhw~ 

chlorophenyl)methyIJs>oxon1,.2,4wthiadiazoln5~yIJbenzamide(Compound 1),which 

wasdetectedfollowingtheadministrationofbothCompoundsIand3.  

5 Theresultsshowthattherer r 

surprisingtwo~foldincreaseinthesystemicexposure 

of 4~chIoro~NwE2wE(4~chIorophenyI)methylJw3noxo¼,2,4sthiadiazoln5~ylJbenzamide 

whenCompound3isadministeredcomparedtoCompoundLThus,.thesystemic 

37 

25 alternatively.Collectedbloodspecimenswerecentrifugedat6000rpm,4 0 Cfor10



WO20221069894 PCT/GB2021/052535 

exposure of &chIorosN~[2~E(4achIorophenyI)methyI]~3aoxo4,2,4athiadiazoi~5s 

y[Jbenzarnide is increased by administration of a compound of the invention.  

Cornpound No.  

Dose (mg/kg bhWM) 50 (equivalent to 50 of Compound 1) 

19.60 ±5.54 40.80 ±5.66 
1k9/mL) __________________________________ 

Trnax(h) 7533 ± 1.16 7133 ± LIS 
AUCiast 449.40 ±: i57~75 847.34 ±: 99h98 1491rnL _________________________________________________________ 

________________________________ 8t30r35 ±2 9170 
AUC;~v ht 

* /rnL 45821 ±: 154~77 ______________________________ 
,~ _____________________________________________________________________________________________ 
SnSnSnSnSnSnSnSnSn Sik)===nfl ================================= AULextrap 0 2~33a&a 380±3.53 
T1/2 II 8.42i-r I.47 9359±2.96 

14.78±0.68 14.66±1.45 MRTiast h 
=======================(=9========================= 

TableSi Mean Plasma PharmacokineticParametersFollowingAdministrationof 
5 CompoundsIand3 

Sn5=Sn5=Sn5= =5SflSn5=Sn5=Sn5=Sn5=Sn5=Sn5=Sn5=Sn5=Sn5=Sn5=Sn5=Sn5=Sn5=Sn5=Sn5=Sn5=Sn5=Sn5=Sn5=Sn5=Sn5=Sn5=Sn5=Sn5=SnSSj 

N 
N 
N 
N 

I N 
Plasma concentration Compound (pg/niL) NN NN 

N N 
N N 
N N 
N N 
N I V N 
N I N Compound~ Compound~ 
N N 
N N 
K ________________________________________________________________ _______________________________________________________________ ______________________________________________________________________________NI 

N 
N 
N 

N SD SD NN N 
N 
N 
N 
I 
N 
N 
N 

N N 
N N N INN S E21N ii!!!! j11PN N 0.00 N N 
N N 
N N 
N N 

=5==5==5==5==5==5==5==5==5===+===5==5==5==5==5==5==5==5= =5=5==5==5==5==5==5==5==5==5= =5=5==5==5==5==5==5==5==5==5 =5=5==5==5==5==5==5==5==5==5==5==5=4N 

N N 
N N 
N N 
N N 
N N 
N NI (sIt 4 PNISaLJ IN-s ;gI~ N 0~25 N NN 
N N 
N N 

S-I--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- .-------------------------------------------------------------------------------------------------------------

N N 
N N 
N NN 
N N 
N ~ettr~J N 050 N N 
N As tUJDWUJWJ N 

N N 
N N 

______________________________________________________________N_______________________________________________________ ____________________________________________________________ ___________________________________________________________ _________________________________________________________________________I 
I N N N 
N N 
N N 
N N 
N rm rrr *wsru II ta.. I N N 'uu7~)j ;;rt-~.  'ADO N N 
N ~4.uJi ~.ri N 

N N 
N N 
N__________________________________________________________________________ ________________________________________________________________________________ 

S* I 
N N 
N N 
N N 
N NN 
N JIfltL N ZOO N N 
N iirr~nt rat N 

N N 
N N 
N__________________________________________________________________________ ________________________________________________________________________________ 

S* I 
N N 
N NN 
N N 
N N 
N A~L~~n N 

4M00 N rAurh~JrL SMiVWJ I!tS./1.J N N ~F-~nEci N N N N 
N N 
N N 

SMSflSnSflSnSflSnSflSnSflS~SSnSflSnSflSnSflSnSflSM SflSnSflSnSflSnSflSnSflSM SflSnSflSnSflSnSflSnSflS SSflSnSflSnSflSnSflSnSflSnSfl 

N N 

N N 
N N 
N 1/Au! hi%~II K~tI/ N 

6.00 N tiJ~/E LAmP A-It;t~~ N N N 
N N 
N 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

N N 
N 
N N 
N N 
N N 

8.00 N hid bud EhbJ eMS V N 
N N 
N NN 
N_________________________________________________________________________________ N 
K I 
N N 
N N 
N N 
N N 

N N 24~OO N N 
N N N N N N 
N_________________________________________________________________________________ N 
K I 
N N 
N N 
N N 
N N 
N N 
N A"NJ ;~ni N 

4t3~OO N 0~72 0.17 N N N N N N N 

S-I------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- .-------------------------------------------------------------------------------------------------------------

N N 
N N 
N N 
N N 72.00 N O~O0 £TLOO 
N UIUU UEULJ NN 
N N 
N N 
N N 

N 
N N 
N N 
N N 
N N 
N N 
N N LowerlimitofquantificationofCompoundI 05pg/mL N N N 
N N 
N N 
N N 

---------------------------------------------------------------------------------------------------------------------------------------------------- 'I I TableepPlasmaConcentrationofCompounds1and3 
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-Sn===nnnnnn leDoseOralPharmacokineticStud Ca aund5in gue 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnflfinnnnnnn nnn fin~nfin~nfin~nfin~nfinn=Pra 

Dawley Rats 

FormulationofCompound5' 

5 6.0mLof2~/ow/vmethylcellulosesolutioninphosphatebuffer(pH75)wasaddedto 

a100mLofconicalflasktogetherwithIgof2mmglassbeads.Thesolutionwas 

vigorouslystirredonamagneticstirrer.77rngofCompound5wasslowlyaddedto 

thesolutionandthesolutionwasvigorouslystirredforapproximatelyih.ThepHof 

theformulationwasmeasuredtobeT43.Theformulationwasfreshlypreparedprior 

10 toadministrationtotheanimals.  

DoseAdministration 

AdulthealthymaleSpragueDawleyratsaged 9to Ii weekswereusedfor 
.1 experimentationafteraminimumthreedaysofacclimatisation. Fedstateanimals 

15 wereadministeredtheformulationofCompound5orallyviagavageatadoseof64 

mg/kgbodyweight(5rnL,/kgdosevolume).  

BloodSampling 
Undermildisofluraneanesthesiablood U 

specimenswerecollectedbyretro-orbital 

20 puncturemethodusingcapillarytubesU pre~labeIedtubescontaininganticoagulant 

(KZEDTA:2mg/rnLblood)duringthenext72hourspost~dosing.Forbloodsampling 

atmultipletimepointstherightandlefteyeswereusedalternatively.Collectedblood 
U specimenswerecentrifugedat6000rpm,4O~for10minutesandtheplasmasamples 

wereseparatedandstoredat~8OI~Cuntilanalysis.  

Results 

Theresultsforthesingledoseoralpharmacokineticstudyinratsaretabulatedin 

Tables7andSbelow.inTable7,theCmaxTmaxAUCiastAUCj~~,AUCextrapTipand 

M ~valuesarefor4~chIorc~N42s~(4nchIorophenyI)methyIJs3~xon1,.2,44hiadiazoIn 

30 5-yljbenzamide(CompoundI),whichwasdetectedfollowingtheadministrationof 

Compound5.ThusCompoundSactsasaprodrugofCompoundL 
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Cornpound No. 5 

64 
30.77 aLa 

jas .68 

-La Tmax I! I Q N 
-La 

N 6~22 AUCiast(hNig/mL) I 37 
I i 

AUCIrif(h t pg/rnL) 688.74 5~O5 
_________________ 1522-AS 

AUCextrap __________________________________ 

a&aN 2.87 
5555555555555 555)5555555555555555555555555555555555 ~ 

_____________________ 1L72a&a 369 

MRTi~t_(h) _________________ Table. Mean Plasma PharmacokineticParameters t Compound Following Administration of 

I-----------------------------------------------------------------------------------------------------
N 
N Plasma 
NNN concentration: 
N 
N 
N 

N 
N 
NN CompoundI 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N V 
N N 
N N 
N N 
N N 
N Time (h) Mean N 
N N SD 
N N 
N N 

N N 
N N 
N N______________________________________________________________________________________ 
N V 
N N 
N 
N N 
N N 

N N 
N ~tIt51 N 
N iii.., UPtJU woo 

N N 
N NN 
N N 
N 
N N 
N N 
N N 
N N 
N N 
N N 0h20 

025 
N N 
N N 

N N 
N N 
I-~~~~5555555555555555555 5555555555555555555555555~~*~~ 

N 
N N 
N N 
N N 
N N 
N I2ta~~EE N 
N N 0.50 
N N 
N N 

N 
K _________________________N 
N N 
N N 
N N 
N N 
N N 
N iii!, N 

N 1.42 
N 
N 
N 
N___________________________________________________________________________________________________________________________________________________________________________ ______________________________________________________________________________________ 
N 
N 
N 
N 
N 

NN 2~17 
N 2~QO 
N 
N 
N 
N__________________________________________________________________________________________ 
I-----------------------------
N 
N N 
N N 
N N 
N N 
N N 
NN 4!00 23~97 N 10M19 
N N 
N N 
N N 
I~~~~SSS~~~SSS ~~SSS~~~SSS~~~SSS~~~SSS555Z~SS555555555555555555555555555 

N N 
N N 
N N 
N N 
N N 
N N 
NN 6!00 3077 N 9~68 
N N 
N N 
N N 
N-------------------------------------------------------------~---------------------------------------------------------------------------------------

N N 
N N 
N N 
N N 
N N 
N N 
N &00 29~23 N 
N 
N NN 
N N 
N 
N-------------------------------------------------------------~---------------------------------------------------------------------------------------

N N 
N N 
N N 
N N 
N N 
N N 
N 2400 I3~84 N 10.70 
N 

N N 
N N 
N _________________________________________________________________________________ N______________________________________________________________________________________ 
N V 

N N 
N N 
N N 
N N 
N N 
N 4S~O0 023 N 0i40 
N N 
N N 
N NN 
N N 

SI 
N N 

N N 
N N N N N N 
N N 
N 72~00 0.00 N OhOC 

N N 
N N 
N NN 

55555555555555555 S5555555555555555555555555555 555555555555555555555555555 ~ 

Lowerlimitofquantification0.5~~ig/mL 
ofCompaundI __________ 

S Table8.PlasmaConcentrationofCompoundIFollowingAdministrationof 
CompoundS 
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ClaIms 

1. Acompoundofformulair 

S N CI 
N 

CI A 0 N a 
0 

S 

whereinR'isselectedfromthegroupconsistingof~C(O>C2HvCQ2Hand-P03H2, 

orapharmaceuticallyacceptablesaltorsolvatethereof.  

10 2. ThecompoundaccordingtoClaimIwhereinthecompoundofformulaIis: 
S CI 

N 
N Ny1 

CI 0 0 
0 

0 

0
OH 

orapharmaceuticallyacceptablesaltorsolvatethereof.  

N0~S N CI 

CI 4~rESSSS 0 P 
15 0 

orapharmaceuticallyacceptablesaltorsolvatethereof.  

4. Thecompoundaccordingtoanyoneoftheprecedingclaimswhereinthe 

pharmaceuticallyacceptablesaltisanalkalimetalsaltanalkalineearthmetalsaltor 

20 aquaternaryammoniumsaltofthecompoundofformulaI.  

5. ThecompoundaccordingtoClaim4whereinthepharmaceuticallyacceptable 

saltisasodiumorpotassiumsaltofthecompoundofformulaI.  

41 

3. ThecompoundaccordingtoClaimIwhereinthecompoundofformulaIis:
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6. Apharmaceuticalformulationcomprisingacompoundasdefinedinanyoneof 

ClaimsIto5,orapharmaceuticallyacceptablesaltorsolvatethereoffanda 

pharmaceuticailyacceptaNeexcipient.  

5 7. The pharmaceutical formulation according to Claim 6, wherein the 

pharmaceuticallyacceptableexcipientisabasicexcipient.  

ThepharmaceuticalformulationaccordingtoClaim6orClaim7, N the 
pharmaceuticallyacceptableexcipientisselectedfromthegroupconsistingof 

10 magnesiumoxidesodiumhydrogencarbonatepotassiumhydrogencarbonate 5 

sodium carbonate, potassium carbonated magnesium carbonate and calcium 

carbonate.  

ThepharmaceuticalformulationaccordingtoanyoneofClaimsSto8, U 

15 theformulationfurthercomprisesanentericcoating.  

ion AcompoundofformulaIasdefinedinanyoneofClaimsIto5,ora 

pharmaceuticallyacceptablesaltthereoforapharmaceuticalformulationasdefined 

inanyoneofClaims6to9foruseinmedicine.  

20 

ii. AcompoundofformulaIasdefinedinanyoneofClaimsIto5,ora 

pharmaceuticallyacceptablesaltthereof5 orapharmaceuticalformulationasdefined 

inthetreatmentofadisorderorcondition 
inanyoneofClaims6to9foruseU 
amelioratedbytheactivationofAMPK.  

12. UseofacompoundofformulaIasdefinedinanyoneofClaimsIto5,ora 

pharmaceuticallyacceptablesaltthereoforaformulationasdefinedinanyoneof 

Claims6to9inthemanufactureofamedicamentforthetreatmentofadisorderor 

conditionamelioratedbytheactivationofAMPK.  

30 

13. Amethodoftreatingadisorderorconditionamelioratedbytheactivationof 

AMPKcomprisingadministeringacompoundofformulaIasdefinedinanyoneof 

ClaimsIto5,orapharmaceuticallyacceptablesaltthereoforaformulationasdefined 

inanyoneofClaims6to9,toasubjectinneedthereof.  

-I 

14. ThecompoundforuseaccordingtoClaimII,.theuseaccordingtoClaim12or 

themethodaccordingtoClaim13,whereinthedisorderorconditionamelioratedby 

theactivationofAMPKisselectedfromthegroupconsistingofcardiovasculardisease 

42 
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(suchasheartfailure) 5 diabetickidneydiseasetype2diabetesinsulinresistance, 

non~alcohoiicfattyliverdiseasenon-alcoholicsteatohepatitispainoploidaddiction, 

obesitycancerinflammation(includingchronicinflammatorydiseases),autoimmune 

diseasesosteoporosisandintestinaldiseases.  
I:; 

15. ThecompoundforuseaccordingtoClaim11,theuseaccordingtoClaim12or 

themethodaccordingtoClaim13,whereinthedisorderorconditionamelioratedby 

theactivationofAMPKisaconditionassociatedwithhyperinsulinemiaselectedfrom 

thegroupconsistingofobesityandcardiovasculardisease.  

i0 

16. ThecompoundforuseuseormethodaccordingtoanyoneofClaims11to15r 

whereinthecompoundisadministeredorallysubcutaneouslyorintramuscularly.  

17. AprocessforpreparingacompoundasdefinedinanyoneofClaimsIto5, 

15 whichprocesscomprises: 

(I) reactionofacompoundofformulaV'It 

N -- SN CI 
N V 

CI 0 
HO 

20 

(ii) reactionofacompoundofformulaVI, 

N VI 
CI ) 

25 CI 

withasuitableacidorsuitableacidsalt.  

43 

withasuitableacidoracidanhydride;or
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