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TRICYCLICCOMPOUNDS 

INCORPORATIONBYREFERENCETOANYPRIORITYAPPLICATIONS 

[0001] Anyandallapplicationsforwhichaforeignordomesticpriorityclaimis 

identifiedforexampleintheApplicationDataSheetorRequestasfiledwiththepresent 

applicationareherebyincorporatedbyreferenceunder37CFR1.57andRules4.18and 

20.6,includingU.S.ProvisionalApplicationNos.631117,935,filedNovember24,2020and 

63/261,713,filedSeptember27,2021.  

BACKGROUND 

Field 

[0002] Thepresentapplicationrelatestothefieldsofchemistrybiochemistryand 

medicine.DisclosedhereinarecompoundsofFormula(I),orpharmaceuticallyacceptable 

saltthereofpharmaceuticalcompositionsthatincludeacompounddescribedherein 

(includingpharmaceuticallyacceptablesaltsofacompounddescribedherein)andmethods 

ofsynthesizingthesame. Alsodisclosedhereinaremethodsoftreatingdiseasesand/or 

conditionswithacompoundofFormula(I),orapharmaceuticallyacceptablesaltthereof 

Description 

Hepadnaviridaefamily.HBVinfectsmorethan300millionworldwideandisacausative 

agentoflivercancerandliverdiseasesuchaschronichepatitiscirrhosisandhepatocellular 

carcinoma. AlthoughthereareapproveddrugsfortreatingHBVbyeitherboostingthe 

immunesystemorslowingdownthereplicationoftheHBVvirusHBVcontinuestobea 

problemduetothedrawbacksassociatedwitheachoftheapproveddrugs.  

REFERENCETOSEQUENCELISTING 

[0004] ThepresentapplicationisfiledwithaSequenceListinginElectronic 

format.TheSequenceListingisprovidedasafileentitledALIGO62.txtcreatedNovember 

22,2021, whichisapproximately4kbinsize.Theinformationintheelectronicformatof 

thesequencelistingisincorporatedhereinbyreferenceinitsentirety.  

1 

[0003] ThehepatitisBvirus(HBV)isaDNAvirusandamemberofthe
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SUMMARY 

[0005] SomeembodimentsdisclosedhereinrelatetoacompoundofFormula(I), 

orapharmaceuticallyacceptablesaltthereof 

[0006] Some embodiments disclosed herein relate to a pharmaceutical 

compositionthatcancontainaneffectiveamountofacompoundofFormula(I),ora 

pharmaceuticallyacceptablesaltthereof 

[0007] SomeembodimentsdescribedhereinrelatetoamethodoftreatingaHBV 

and/orHDVinfectionthatcanincludeadministeringtoasubjectidentifiedassufferingfrom 

theHBVand/orHDVinfectionaneffectiveamountofacompoundorapharmaceutically 

acceptablesaltthereofasdescribedhereinorapharmaceuticalcompositionthatincludesan 

effectiveamountofacompoundorapharmaceuticallyacceptablesaltthereofasdescribed 

herein. Otherembodimentsdescribedhereinrelatetoacompoundorapharmaceutically 

acceptablesaltthereofasdescribedhereinorapharmaceuticalcompositionthatincludesan 

effectiveamountofacompoundorapharmaceuticallyacceptablesaltthereofasdescribed 

hereinfortheuseoftreatingaHBVand/orHDVinfection.  

[0008] Someembodimentsdisclosedhereinrelatetoamethodofinhibiting 

replicationofHBVand/orHDVthatcanincludecontactingacellinfectedwiththeHBV 

and/orHDVwithaneffectiveamountofacompoundorapharmaceuticallyacceptablesalt 

thereofasdescribedherein orapharmaceuticalcompositionthatincludesaneffective 

Otherembodimentsdescribedhereinrelatetoacompoundorapharmaceuticallyacceptable 

saltthereofasdescribedhereinorapharmaceuticalcompositionthatincludesaneffective 

amountofacompoundorapharmaceuticallyacceptablesaltthereofasdescribedhereinfor 

theuseofinhibitingthereplicationHBVand/orHDV.  

[0009] Theseareotherembodimentsaredescribedingreaterdetailbelow.  

DETAILEDDESCRIPTION 

[0010] HBVisapartiallydouble-strandedcircularDNAofabout3.2kilobase 

(kb)pairsandisclassifiedintoeightgenotypesAtoH.TheHBVreplicationpathwayhas 

beenstudiedingreatdetail.T.J.LiangHepatology(2009)49(5Suppl):S13-521. Onpartof 
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amountofacompoundorapharmaceuticallyacceptablesaltthereofasdescribedherein.
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replicationincludestheformationofthecovalentlyclosedcircular(cccDNA)form. The 

presenceofthecccDNAgivesrisetotheriskofviralreemergencethroughoutthelifeofthe 

hostorganism. HBVcarrierscantransmitthediseaseformanyyears. Anestimated300 

millionpeoplearelivingwithhepatitisBvirusinfection anditisestimatedthatover 

750,000peopleworldwidedieofhepatitisBeachyear. Inadditionimmunosuppressed 

individualsorindividualsundergoingchemotherapyareespeciallyatriskforreactivationof 

aHBVinfection. HBVcanbeacuteand/orchronic. AcuteHBVinfectioncanbeeither 

asymptomaticorpresentwithsymptomaticacutehepatitis.  

[0011] HBVcanbetransmittedbybloodsemenand/oranotherbodyfluid.This 

canoccurthoughdirectblood-to-bloodcontact, unprotectedsexsharingofneedlesand 

fromaninfectedmothertoherbabyduringthedeliveryprocess.TheHBVsurfaceantigen 

(HBsAg)ismostfrequentlyusedtoscreenforthepresenceofthisinfection. Currently 

availablemedicationsdonotcureaHBVand/orHDVinfection. Ratherthemedications 

suppressreplicationofthevirus.  

[0012] ThehepatitisDvirus(HDV)isaDNAvirusalsointheHepadnaviridae 

familyofviruses. HDVcanpropagateonlyinthepresenceofHBV. Theroutesof 

transmissionofHDVaresimilartothoseforHBV.TransmissionofHDVcanoccureither 

viasimultaneousinfectionwithHBV(coinfection)orinadditiontochronichepatitisBor 

hepatitisBcarrierstate(superinfection). BothsuperinfectionandcoinfectionwithHDV 

resultsinmoreseverecomplicationscomparedtoinfectionwithHBValone. These 

andarapidprogressiontolivercirrhosiswithanincreasedriskofdevelopinglivercancerin 

chronicinfections.IncombinationwithhepatitisBhepatitisDhasthehighestfatalityrate 

ofallthehepatitisinfectionsat20%.Thereiscurrentlynocureor p .7' 

vaccinebrhepatitts 

Definitions 

[0013] Unlessdefinedotherwisealltechnicalandscientifictermsusedherein 

havethesamemeaningasiscommonlyunderstoodbyoneofordinaryskillintheart.All 

patentsapplicationspublishedapplicationsandotherpublicationsreferencedhereinare 

incorporatedbyreferenceintheirentiretyunlessstatedotherwise.Intheeventthatthereare 
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complicationsincludeagreaterlikelihoodofexperiencingliverfailureinacuteinfections
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apluralityofdefinitionsforatermherein thoseinthissectionprevailunlessstated 

otherwise.  

[0014] Wheneveragroupisdescribedasbeing"optionallysubstituted"that 

groupmaybeunsubstitutedorsubstitutedwithoneormoreoftheindicatedsubstituents.  

Likewisewhenagroupisdescribedasbeing"unsubstitutedorsubstituted"ifsubstitutedthe 

substituent(s)maybeselectedfromoneormoreoftheindicatedsubstituents. Ifno 

substituentsareindicateditismeantthattheindicated"optionallysubstituted"or 

substituted"groupmaybesubstitutedwithoneormoregroup(s)(suchas1, 2or3) 

individuallyandindependentlyselectedfromdeuterium, alkylalkenylalkynylcycloalkyl, 

cycloalkenyl, aryl, heteroaryl, heterocyclyl, aryl(alkyl), heteroaryl(alkyl), (heterocyclyl)alkyl, 

hydroxy, alkoxy, acyl, cyano halogen, thiocarbonyl, 0-carbamyl, N-carbamyl, 

0-thiocarbamyl, N-thiocarbamyl, C-amido, N-amido, S-sulfonamido, N-sulfonamido 

C-carboxy, 0-carboxy, isocyanate, thiocyanate nitro azido silyl, sulfenyl, sulfinyl, 

sulfonyl, haloalkyl, haloalkoxy, trihalomethanesulfonyl, trihalomethanesulfonamido, an 

aminoamono-substitutedaminegroupandadi-substitutedaminegroup.  

[0015] Asusedherein,"CatoCb"inwhich"a"and"b"areintegersrefertothe 

numberofcarbonatomsinanalkylalkenyloralkynylgrouporthenumberofcarbonatoms 

intheringofacycloalkylcycloalkenylarylheteroarylorheterocyclylgroup.Thatisthe 

alkylalkenylalkynylringofthecycloalkylringofthecycloalkenylringofthearylring 

oftheheteroarylorringoftheheterocyclylcancontainfrom"a~' to"b"inclusivecarbon 

to4carbons that's, CH3-, CH3 CH2 -,CH3 CH2 CH2 -, (CH3)2CH-, CH3 CH2 CH2 CH2 , 
" ,, 

CH3CH2CH(CHQ-,(CH 3 )2 CHCH2 -and(CHQ3C-. Ifno a and"b"aredesignatedwith 
regardtoanalkylalkenylalkynylcycloalkylcycloalkenylarylheteroarylorheterocyclyl 

groupthebroadestrangedescribedinthesedefinitionsistobeassumed.  

[0016] Asusedherein alkyl"referstoastraightorbranchedhydrocarbonchain 

thatcomprisesafullysaturated(nodoubleortriplebonds)hydrocarbongroup.Thealkyl 

groupmayhave1to20carbonatoms(wheneveritappearshereinanumericalrangesuchas 

"1to20"referstoeachintegerinthegivenrange;e.g., "1to20carbonatoms meansthat 

thealkylgroupmayconsistof1carbonatom,2carbonatoms,3carbonatomsetc., uptoand 

including20carbonatomsalthoughthepresentdefinitionalsocoverstheoccurrenceofthe 

4 

atoms.Thusforexamplea'CitoC4alkyl"groupreferstoallalkylgroupshavingfrom1
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term alkyl"wherenonumericalrangeisdesignated). Thealkylgroupmayalsobea 

mediumsizealkylhaving1to10carbonatoms.Thealkylgroupcouldalsobealoweralkyl 

having1to6carbonatoms.Thealkylgroupofthecompoundsmaybedesignatedas"Ci-C4 

alkyl"orsimilardesignations. Bywayofexampleonly,"Ci-C4alkyl"indicatesthatthere 

areonetofourcarbonatomsinthealkylchaini.e.,thealkylchainisselectedfrommethyl, 

ethylpropyliso-propyln-butyliso-butylsec-butylandt-butyl.Typicalalkylgroups 

includebutareinnowaylimitedtomethylethylpropylisopropylbutylisobutyltertiary 

butylpentylandhexyl.Thealkylgroupmaybesubstitutedorunsubstituted.  

[0017] Asusedherein"alkenyl"referstoanalkylgroupthatcontainsinthe 

straightorbranchedhydrocarbonchainoneormoredoublebonds.Thelengthofanalkenyl 

canary. ForexamplethealkenylcanbeaC2AalkenylC2#jalkenylorC28alkenyl.  

Examplesofalkenylgroupsincludeallenylvinylmethylandethenyl.Analkenylgroupmay 

beunsubstitutedorsubstituted.  

[0018] Asusedherein"alkynyl"referstoanalkylgroupthatcontainsinthe 

straightorbranchedhydrocarbonchainoneormoretriplebonds.Thelengthofanalkynyl 

canary. ForexamplethealkynylcanbeaC24alkynylC26alkynylorC28alkynyl.  

Examplesofalkynylsincludeethynylandpropynyl.Analkynylgroupmaybeunsubstituted 

orsubstituted.  

[0019] Asusedherein cycloalkyl"referstoacompletelysaturated(nodoubleor 

triplebonds)mono-ormulti-cyclichydrocarbonringsystem.Whencomposedoftwoor 

contain3to10atomsinthering(s).3toSatomsinthering(s)or3to6atomsinthering(s).  

Acycloalkylgroupmaybeunsubstitutedorsubstituted.Typicalcycloalkylgroupsinclude 

butareinnowaylimitedtocyclopropylcyclobutylcyclopentylcyclohexylcycloheptyl 

andcyclooctyl.  

[0020] Asusedherein cycloalkenyl"referstoamono-ormulti-cyclic 

hydrocarbonringsystemthatcontainsoneormoredoublebondsinatleastone ring; 
e 

althoughifthereismorethanonethedoublebondscannotformafullydelocalizedpi

electronsystemthroughoutalltherings(otherwisethegroupwouldbe"aryl,"asdefined 

herein). Whencomposedoftwoormoreringstheringsmaybeconnectedtogetherina 

5 

moreringstheringsmaybejoinedtogetherinafusedfashion.Cycloalkylgroupscan
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fusedfashion.Acycloalkenylcancontain3to10atomsinthering(s)or3toSatomsinthe 

ring(s).Acycloalkenylgroupmaybeunsubstitutedorsubstituted.  

[0021] Asusedherein aryl"referstoacarbocyclic(allcarbon)monocyclicor 

multicyclicaromaticringsystem(includingfusedringsystemswheretwocarbocyclicrings 

shareachemicalbond)thathasafullydelocalizedpi-electronsystemthroughoutallthe 

rings.Thenumberofcarbonatomsinanarylgroupcanvary.Forexamplethearylgroup 

canbeaC6-C14arylgroupaC6-CioarylgrouporaC6arylgroup. Examplesofaryl 

groupsincludebutarenotlimitedtobenzenenaphthaleneandazulene.Anarylgroupmay 

besubstitutedorunsubstituted.  

[0022] Asusedherein"heteroaryl"referstoamonocyclicbicyclicandtricyclic 

aromaticringsystem(aringsystemwithfullydelocalizedpi-electronsystem)thatcontain(s) 

oneormoreheteroatoms(forexample,1to5heteroatoms),thatisanelementotherthan 

carbonincludingbutnotlimitedtonitrogen, oxygenandsulfur.Thenumberofatomsinthe 

ring(s)ofaheteroarylgroupcanvary.Forexampletheheteroarylgroupcancontain4to14 

atomsinthering(s),5to10atomsinthering(s)or5to6atomsinthering(s).Furthermore 

theterm"heteroaryl"includesfusedringsystemswheretworingssuchasatleastonearyl 

ringandatleastoneheteroarylringoratleasttwoheteroarylringsshareatleastone 

chemicalbond.Examplesofheteroarylringsincludebutarenotlimitedtofuranfurazan 

thiophene benzothiophenephthalazinepyrrole oxazole benzoxazole,1,2,3-oxadiazole 

1,2,4-oxadiazolethiazole, 1,2,3-thiadiazole, 1,2,4-thiadiazolebenzothiazoleimidazole, 

benzoisothiazole, isothiazole, 1,2,3-triazole, 1,2,4-triazole, benzotriazole, thiadiazole, 

tetrazole, pyridine pyridazine, pyrimidine, pyrazine purine pteridine, quinoline 

isoquinolinequinazolinequinoxalinecinnolinetriazineandII1,2,4]triazolo[4,3-a]pyridine.  

Aheteroarylgroupmaybesubstitutedorunsubstituted.  

[0023] Asusedherein "heterocyclyl"referstoamonocyclic bicyclicand 

tricyclicringsystemwhereincarbonatomstogetherwithfrom1to5heteroatomsconstitute 

saidringsystem. Aheterocyclemayoptionallycontainoneormoreunsaturatedbonds 

situatedinsuchawayhoweverthatafullydelocalizedpi-electronsystemdoesnotoccur 

throughoutalltherings. Thenumberofatomsinthering(s)ofaheterocyclylgroupcan 

vary.Forexampletheheterocyclylgroupcancontain4to14atomsinthering(s),5to10 

6 

benzimidazole, indole indazole, pyrazole benzopyrazole isoxazole benzoisoxazole
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atomsinthering(s)or5to6atomsinthering(s).Theheteroatom(s)isanelementotherthan 

carbonincludingbutnotlimitedtooxygensulfurandnitrogen.Aheterocyclemayfurther 

containoneormorecarbonylorthiocarbonylfunctionalitiessoastomakethedefinition 

includeoxo-systemsandthio-systemssuchaslactanis lactones, cyclicimides cyclic 

thioimidesandcycliccarbarnates.Whencomposedoftwoormoreringstheringsmaybe 

joinedtogetherinafusedfashion. Additionallyanynitrogensinaheterocyclylmaybe 

quaternized. Heterocyclylgroupsmaybeunsubstitutedorsubstituted. Examplesofsuch 

"heterocyclylgroupsincludebutarenotlimitedto,1,3-dioxin,1,3-dioxane,1,4-dioxane,1,2

dioxolane,1,3-dioxolane,1,4-dioxolane,1,3-oxathiane,1,4-oxathiin,1,3-oxathiolane,1,3

dithiole,1,3-dithiolane,1,4-oxathianetetrahydro-1,4-thiazine2H-1,2-oxazinemaleimide 

succinimidebarbituricacidthiobarbituricaciddioxopiperazinehydantoindihydrouracil 

trioxane hexahydro-1,3,5-triazine imidazoline irnidazolidine isoxazoline isoxazolidine 

oxazoline oxazolidine oxazolidinone thiazoline thiazolidine morpholine oxirane 

piperidineN-Oxide, piperidine, piperazine, pyrrolidine, pyrrolidone pyrrolidione 4

piperidone, pyrazoline pyrazolidine 2-oxopyrrolidine tetrahydropyran 4H-pyran 

tetrahydrothiopyran, thiamorpholine thiamorpholinesulfoxide thiamorpholinesulfone 

isoindolin-1-one and their benzo-fused analogs (e.g., benzimidazolidinone 

tetrahydroquinolineand3,4-methylenedioxyphenyl).  

[0024] Asusedherein aryl(alkyl)"refertoanarylgroupconnectedasa 

substituentviaaloweralkylenegroup.Theloweralkyleneandarylgroupofanaryl(alkyl) 

phenyl(alkyl), 3-phenyl(alkyl), andnaphthyl(alkyl).  

[0025] Asusedherein "heteroaryl(alkyl)"refertoaheteroarylgroup 

connectedasasubstituentviaaloweralkylenegroup.Theloweralkyleneandheteroaryl 

groupofheteroaryl(alkyl)maybesubstitutedorunsubstituted.Examplesincludebutarenot 

limitedto2-thienyl(alkyl), 3-thienyl(alkyl), furyl(alkyl), thienyl(alkyl), pyrrolyl(alkyl), 

pyridyl(alkyl),isoxazolyl(alkyl),imidazolyl(alkyl),andtheirbenzo-fusedanalogs.  

[0026] A"(heterocyclyl)alkyl"refertoaheterocyclicgroupconnectedasa 

substituentviaaloweralkylenegroup.Theloweralkyleneandheterocyclylofa 

heterocyclyl(alkyl)maybesubstitutedorunsubstituted. Examplesincludebutarenot 

7 

maybesubstitutedorunsubstituted. Examplesincludebutarenotlimitedtobenzyl,2-
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limited tetrahydro-2H-pyran-4-yl(methyl), piperidin-4-yl(ethyl), piperidin-4-yl(propyl), 

tetrahydro-2H-thiopyran-4-yl(methyl)and1,3-thiazinan-4-yl(methyl).  

[0027] "Loweralkylenegroups arestraight-chained-CH 2 -tetheringgroups, 

formingbondstoconnectmolecularfragmentsviatheirterminalcarbonatoms.Examples 

includebutarenotlimitedtomethylene(-CH 2 -),ethylene(-CH 2 CH2 -),propylene 

CH2 CH2 CH2 -)andbutylene(-CH 2 CH2 CH2 CH2 -).Aloweralkylenegroupcanbesubstituted 

byreplacingoneormorehydrogenoftheloweralkylenegroupwithasubstituent(s)listed 

underthedefinitionof"optionallysubstituted"and/orbysubstitutingbothhydrogensonthe 

samecarbonwithacycloalkylgroup(e.g., and amonocyclic 

0 

heterocyclyl(suchas and 

[0028] Asusedherein alkoxy"referstotheformula-ORwhereinRisanalkyl, 

an alkenyl, an alkynyl, acycloalkyl, acycloalkenyl, aryl, heteroaryl, heterocyclyl, 

aryl(alkyl),heteroaryl(alkyl)orheterocyclyl(alkyl)isdefinedherein.Anon-limitinglistof 

alkoxysaremethoxyethoxyn-propoxy, 1-methylethoxy(isopropoxy),n-butoxyiso

butoxysec-butoxytert-butoxyphenoxyandbenzoxy.Insomeinstancesanalkoxycanbe 

-ORwhereinRisanunsubstitutedCp4alkyl. Analkoxymaybesubstitutedor 

[0029] Asusedherein "acyl"referstoahydrogenanalkylanalkenylan 

alkynyl, a cycloalkyl, a cycloalkenyl, aryl, heteroaryl, heterocyclyl, aryl(alkyl), 

heteroaryl(alkyl)orheterocyclyl(alkyl)connectedassubstituentsviaacarbonylgroup.  

Examplesincludeformylacetylpropanoylbenzoylandacryl.Anacylmaybesubstituted 

orunsubstituted.  

[0030] Asusedherein"hydroxyalkyl"referstoanalkylgroupinwhichoneor 

moreofthehydrogenatomsarereplacedbyahydroxygroup. Exemplaryhydroxyalkyl 

groupsincludebutarenotlimitedto2-hydroxyethyl,3-hydroxypropyl,2-hydroxypropyland 

2,2-dihydroxyethyl.Ahydroxyalkylmaybesubstitutedorunsubstituted.  

S 

unsubstituted.
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[0031] Asusedherein"alkoxyalkyl"referstoanalkylgroupinwhichoneor 

moreofthehydrogenatomsarereplacedbyaalkoxygroup.Exemplaryalkoxyalkylgroups 

includebutarenotlimitedtomethoxymethylethoxymethylmethoxyethylandethoxyethyl.  

Analkoxyalkylmaybesubstitutedorunsubstituted.  

[0032] Asusedherein"haloalkyl"referstoanalkylgroupinwhichoneormore 

ofthehydrogenatomsarereplacedbyahalogen(e.g.,mono-haloalkyldi-haloalkylandtri

haloalkyl). Suchgroupsincludebutarenotlimitedto chloromethylfluoromethyl, 

difluoromethyl, trifluoromethyl, 1- chloro-2-fluoromethyland2-fluoroisobutyl. Ahaloalkyl 

maybesubstitutedorunsubstituted.  

[0033] Asusedherein"haloalkoxy referstoa0-alkylgroupinwhichoneor 

moreofthehydrogenatomsarereplacedbyahalogen(e.g.,mono-haloalkoxydi

haloalkoxyandtri-haloalkoxy).Insomeinstancesahaloalkoxycanbe-ORwhereinRisa 

CiAalkylsubstitutedby1, 2or3halogens. Suchgroupsincludebutarenotlimitedto 

chloromethoxy, fluoromethoxy, difluoromethoxy, trifluoromethoxy, 1-chloro-2

fluoromethoxyand2-fluoroisobutoxy.Ahaloalkoxymaybesubstitutedorunsubstituted.  

[0034] A"sulfenyl"groupreferstoan"-SR"groupinwhichRcanbehydrogen, 

alkylalkenylalkynylcycloalkylcycloalkenylarylheteroarylheterocyclylaryl(alkyl), 

heteroaryl(alkyl)orheterocyclyl(alkyl).Asulfenylmaybesubstitutedorunsubstituted.  

[0035] A"sulfinyl"groupreferstoan"-S(0)-R groupinwhichRcanbethe 

sameasdefinedwithrespecttosulfenyl.Asulfinylmaybesubstitutedorunsubstituted.  

asdefinedwithrespecttosulfenyl.Asulfonylmaybesubstitutedorunsubstituted.  

[0037] An"0-carboxy groupreferstoa'RC(0)0- groupinwhichRcanbe 

hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, heterocyclyl, 
e 

aryl(alkyl),heteroaryl(alkyl)orheterocyclyl(alkyl),asdefinedherein.An0-carboxymaybe 

substitutedorunsubstituted.  

[0038] Thetermsester"and"C-carboxyrefertoa-C(0)0R"groupinwhich 

Rcanbethesameasdefinedwithrespectto0-carboxy. AnesterandC-carboxymaybe 

substitutedorunsubstituted.  

9 

[0036] A"sulfonyl"groupreferstoan"50 2 R"groupinwhichRcanbethesame
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[0039] A"thiocarbonyl"groupreferstoa-C(S)R"groupinwhichRcanbethe 

sameasdefinedwithrespectto0-carboxy. Athiocarbonylmaybesubstitutedor 

unsubstituted.  

[0040] A"trihalomethanesulfonyl"groupreferstoan'X3CSO2-groupwherein 

eachXisahalogen.  

[0041] A"trihalomethanesulfonarnido"groupreferstoan 'X3CS(O)2N(RA)-" 

groupwhereineachXisahalogenandRAishydrogen, aikylalkenylalkynylcycloalkyl, 

cycloalkenyl, aryl, heteroaryl, heterocyclyl, aryl(alkyl), heteroaryl(alkyl) or 

heterocyclyl(alkyl).  

[0042] Thetermamino"asusedhereinreferstoa-NH2group.  

[0043] Asusedhereintheterm"hydroxyreferstoa-OHgroup.  
' [0044] Acyanogroupreferstoa'-CNgroup.  

[0045] Thetermazido"asusedhereinreferstoa-N3group.  

[0046] An"isocyanatogroupreferstoa-NCO"group.  

[0047] A"thiocyanatogroupreferstoa-CNS"group.  

[0048] An"isothiocyanato"groupreferstoan"-NCS"group.  

[0049] Amercaptogroupreferstoan'-SH"group.  

[0050] Acarbonyl"groupreferstoa-C(0)-group.  

[0051] An"S-sulfonamido"groupreferstoa -SO2N(RARB)"groupinwhichRA 

andRBcanbeindependentlyhydrogenalkylalkenylalkynylcycloalkylcycloalkenyl, 

S-sulfonainidomaybesubstitutedorunsubstituted.  

[0052] An"N-sulfonamido"groupreferstoa'RSO2N(RA)-"groupinwhichR 

andRAcanbeindependentlyhydrogenalkylalkenylalkynylcycloalkylcycloalkenyl, 

arylheteroarylheterocyclylaryl(alkyl),heteroaryl(alkyl)orheterocyclyl(alkyl). An 

N-sulfonamidomaybesubstitutedorunsubstituted.  

[0053] An"0-carbamyl"groupreferstoa"-OC(0)N(RARB)"groupinwhich 

RAandRBcanbeindependentlyhydrogenalkylalkenylalkynylcycloalkylcycloalkenyl, 

arylheteroarylheterocyclylaryl(alkyl),heteroaryl(alkyl)orheterocyclyl(alkyl). An 

0-carbamylmaybesubstitutedorunsubstituted.  

10 

arylheteroarylheterocyclylaryl(alkyl),heteroaryl(alkyl)orheterocyclyl(alkyl). An
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[0054] An"N-carbamyl"groupreferstoan"ROC 0)N(RA)-"groupinwhichR 

andRAcanbeindependentlyhydrogenalkylalkenylalkynylcycloalkylcycloalkenyl, 

aryl, heteroaryl, heterocyclyl, aryl(alkyl), heteroaryl(alkyl)orheterocyclyl(alkyl). An 

N-carbamylmaybesubstitutedorunsubstituted.  

[0055] An"0-thiocarbamyl"groupreferstoa -OC(S)-N(RARB)"groupin 

whichRAandRBcanbeindependentlyhydrogen alkylalkenylalkynylcycloalkyl, 

cycloalkenyl, aryl, heteroaryl, heterocyclyl, aryl(alkyl), heteroaryl(alkyl) or 

heterocyclyl(alkyl). An0-thiocarbamylmaybesubstitutedorunsubstituted.  

[0056] An"N-thiocarbamyl"groupreferstoan"ROC(S) grouping 

whichRandRAcanbeindependentlyhydrogenalkylalkenylalkynylcycloalkyl, 

cycloalkenyl, aryl, heteroaryl, heterocyclyl, aryl(alkyl), heteroaryl(alkyl) or 

heterocyclyl(alkyl).AnN-thiocarbamylmaybesubstitutedorunsubstituted.  

[0057] A"C-amido"groupreferstoa -C(0)N(RARB)"groupinwhichRAand 

RBcanbeindependentlyhydrogenalkylalkenylalkynylcycloalkylcycloalkenylaryl, 

heteroarylheterocyclylaryl(alkyl),heteroaryl(alkyl)orheterocyclyl(alkyl). AC-amido 

maybesubstitutedorunsubstituted.  

[0058] An"N-amido"groupreferstoa"RC(0)N(RA)-"groupinwhichRand 

RAcanbeindependentlyhydrogenalkylalkenylalkynylcycloalkylcycloalkenylaryl, 

heteroarylheterocyclylaryl(alkyl),heteroaryl(alkyl)orheterocyclyl(alkyl). AnN-amido 

maybesubstitutedorunsubstituted.  

independentlyalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, heterocyclyl, 

aryl(alkyl),heteroaryl(alkyl)orheterocyclyl(alkyl). Amono-substitutedaminemaybe 

substitutedorunsubstituted. Insomeinstancesamono-substitutedaminecanbe-NHRA, 

whereinRAcanbeanunsubstitutedCusalkyloranunsubstitutedorasubstitutedbenzyl.  
,, 

[0060] A"di-substitutedaminereferstoa-NRARB inwhichRAandRBcanbe 
independentlycanbeindependentlyalkylalkenylalkynylcycloalkylcycloalkenylaryl, 

heteroaryl, heterocyclyl, aryl(alkyl), heteroaryl(alkyl) or heterocyclyl(alkyl). A 

mono-substitutedaminemaybesubstitutedorunsubstituted. Insomeinstances a 

mono-substitutedaminecanbe-NRARBwhereinRAandRBcanbeindependentlyan 

unsubstitutedCusalkyloranunsubstitutedorasubstitutedbenzyl.  

11 

[0059] A mono-substitutedamine"referstoa'-NHRA"inwhichRAcanbe
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[0061] Theterm"halogenatomor"halogen asusedhereinmeansanyoneof 

theradio-stableatomsofcolumn7ofthePeriodicTableoftheElementssuchasfluorine, 

chlorinebromineandiodine.  

[0062] Wherethenumbersofsubstituentsisnotspecified(e.g.haloalkyl),there 

maybeoneormoresubstituentspresent.Forexample"haloalkyl"mayincludeoneormore 

ofthesameordifferenthalogens.Asanotherexample,"Ci-C3alkoxyphenyl"mayinclude 

oneormoreofthesameordifferentalkoxygroupscontainingonetwoortheeatoms.  

[0063] Asusedhereintheabbreviationsforanyprotectivegroupsaminoacids 

andothercompoundsareunlessindicatedotherwiseinaccordwiththeircommonusage, 

recognizedabbreviationsortheIUPAC-IUBCommissiononBiochemicalNomenclature 

(SeeBiochem.11:942-944(1972)).  

[0064] Thetermpharmaceuticallyacceptablesalt"referstoasaltofacompound 

thatdoesnotcausesignificantirritationtoanorganismtowhichitisadministeredanddoes 

notabrogatethebiologicalactivityandpropertiesofthecompound.Insomeembodiments 

thesaltisanacidadditionsaltofthecompound. Pharmaceuticalsaltscanbeobtainedby 

reactingacompoundwithinorganicacidssuchashydrohalicacid(e.g.,hydrochloricacidor 

hydrobromicacid),sulfuricacidnitricacidandphosphoricacid.Pharmaceuticalsaltscan 

alsobeobtainedbyreactingacompoundwithanorganicacidsuchasaliphaticoraromatic 

carboxylicorsulfonicacidsforexampleformicaceticsucciniclacticmalictartariccitric 

ascorbic nicotinic methanesulfonic ethanesulfonic, p-toluenesulfonic salicylic or 

withabasetoformasaltsuchasanammoniumsaltanalkalimetalsaltsuchasasodiumor 

apotassiumsaltanalkalineearthmetalsaltsuchasacalciumoramagnesiumsaltasaltof 

organic bases such as dicyclohexylamine N-methyl-D-glucamine 

tri5(hydroxymethyl)methylamine, i-C7 alkylamine, cyclohexylamine triethanolamine 
e 

ethylenediamineandsaltswithaminoacidssuchasarginineandlysine.  

[0065] Termsandphrasesusedinthisapplication andvariationsthereof, 

especiallyintheappendedclaimsunlessotherwiseexpresslystatedshouldbeconstruedas 

openendedasopposedtolimiting. Asexamplesoftheforegoingtheterm including 

shouldbereadtomeanincludingwithoutlimitation' 'includingbutnotlimitedto' orthe 

like'thetermcomprising'asusedhereinissynonymouswith'including,''containing,'or 

12 

naphthalenesulfonicacid.Pharmaceuticalsaltscanalsobeobtainedbyreactingacompound
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'characterizedby,' andisinclusiveoropen-endedanddoesnotexcludeadditionalunrecited 

elementsormethodsteps~theterm'havingshouldbeinterpretedas'havingatleast' the 

termincludes'shouldbeinterpretedasincludesbutisnotlimitedtw' thetermexample'is 

usedtoprovideexemplaryinstancesoftheitemindiscussionnotanexhaustiveorlimiting 

listthereofInadditiontheterm comprising"istobeinterpretedsynonymouslywiththe 
9'~ phrases"havingatleast"orincludingatleast".Whenusedinthecontextofacompoundor 

compositiontheterm comprising"meansthatthecompoundorcompositionincludesat 

leasttherecitedfeaturesorcomponents butmayalsoincludeadditionalfeaturesor 

components.  

[0066] Withrespecttotheuseofsubstantiallyanypluraland/orsingularterms 

hereinthosehavingskillintheartcantranslatefromthepluraltothesingularand/orfrom 

thesingulartothepluralasisappropriatetothecontextand/orapplication. Thevarious 

singular/pluralpermutationsmaybeexpresslysetforthhereinforsakeofclarity. The 

indefinitearticle"a"or"andoesnotexcludeaplurality.  

[0067] Itisunderstoodthatinanycompounddescribedhereinhavingoneor 

morechiralcentersifanabsolutestereochemistryisnotexpresslyindicatedtheneach 

centermayindependentlybeof(R)-configurationor(S)-configurationoramixturethereof 

Thus thecompoundsprovidedhereinmaybeenantiomericallypure enantiomerically 

enriched racemicmixture diastereomericallypure diastereomericallyenrichedora 

stereoisomericmixture.Inadditionitisunderstoodthatinanycompounddescribedherein 

orZeachdoublebondmayindependentlybeBorZamixturethereof Likewiseitis 

understoodthatinanycompounddescribedalltautomericformsarealsointendedtobe 

included.  

[0068] Itistobeunderstoodthatwherecompoundsdisclosedhereinhaveunfilled 

valencies thenthevalenciesaretobefilledwithhydrogensorisotopesthereofe.g., 

hydrogen-i(protium)andhydrogen-2(deuterium).  

[0069] Itisunderstoodthatthecompoundsdescribedhereincanbelabeled 

isotopically. Substitutionwithisotopessuchasdeuteriummayaffordcertaintherapeutic 

advantagesresultingfromgreatermetabolicstabilitysuchasforexampleincreasedinvivo 

half-lifeorreduceddosagerequirements. Eachchemicalelementasrepresentedina 

13 

havingoneormoredoublebond(s)generatinggeometricalisomersthatcanbedefinedasB
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compoundstructuremayincludeanyisotopeofsaidelement.Forexampleinacompound 

structureahydrogenatommaybeexplicitlydisclosedorunderstoodtobepresentinthe 

compound. Atanypositionofthecompoundthatahydrogenatommaybepresentthe 
e 

hydrogenatomcanbeanyisotopeofhydrogenincludingbutnotlimitedtohydrogen-i 

(protium)andhydrogen-2(deuterium).Thusreferencehereintoacompoundencompasses 

allpotentialisotopicformsunlessthecontextclearlydictatesotherwise.  

[0070] Wherearangeofvaluesisprovideditisunderstoodthattheupperand 

lowerlimitandeachinterveningvaluebetweentheupperandlowerlimitoftherangeis 

encompassedwithintheembodiments.  

Compounds 

[0071] SomeembodimentsdisclosedhereinrelatetoacompoundofFormula(I), 

orapharmaceuticallyacceptablesaltthereof: 

R~R5 0 

N 

N 

0 N x (I) 

substitutedwithtwomoietiesindependentlyselectedfrom-Cl(chloro),-Br(bromo),

CHF2 ,-CF3 ,-CH3 and-CN S R2 andR3 canbeindependentlyselectedfrom 

hydrogenanunsubstitutedCiAalkylanunsubstitutedC14haloalkylanoptionally 

substitutedC3A cycloalkyl, an optionally substitutedaryl, anoptionally substituted 

heteroarylanoptionallysubstitutedheterocyclylanoptionallysubstitutedaryl(Cm4alkyl), 

anoptionallysubstitutedheteroaryl i-4alkyl)andanoptionallysubstitutedheterocyclyl( i-~ 

alkyl),R4 andR5 canbeindependentlyselectedfromhydrogenanunsubstitutedCiAalkyl, 

anunsubstitutedCiAhaloalkylanoptionallysubstitutedarylanoptionallysubstituted 

heteroarylanoptionallysubstitutedheterocyclylanoptionallysubstitutedaryl(Cm4alkyl), 

anoptionallysubstitutedheteroaryl iAalkyl)andanoptionallysubstitutedheterocyclyl( i-~ 

alkyl),R6 andR7 canbeindependentlyselectedfromhydrogenanunsubstitutedCiAalkyl 

14 

wherein:XcanbeCHCDCFC(CH3)orN(nitrogen);R 1 canbea3,4-substitutedphenyl
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andanunsubstitutedCp{haloalkybR 8 canbe~CHRsaR 8 beR8 ~ canbehydrogenor-CH 3 ;Rsb 

canbeselectedfromanunsubstitutedCiAalkylanunsubstitutedC24alkenylan 

unsubstitutedC2A alkynyl, an optionally substitutedmonocyclic C36cycloalkyl, an 

optionallysubstitutedphenylanoptionallysubstitutednionocyclicheteroarylandan 

optionallysubstitutedmonocyclicheterocyclyl;and canbeasubstitutedarylan 

optionallysubstitutedheteroaryloranoptionallysubstitutedheterocyclyl.  

[0072] AsdescribedhereinR1canbea3,4-substitutedphenylsubstitutedwith 

twomoietiesindependentlyselectedfrom-Cl(chloro),-Br(bromo),-CHF 2 ,-CF3 ,-CH3 

and-CN(cyano).ThetwomoietiesattachedtoR1canbedifferentfromeachother.Insome 

embodiments R1 canbea3,4-substitutedphenylwhereinthe4-substitutionis-Br.  

Examplesofsubstitutionpatternsonthe3,4-substitutedphenylcanbewherethe3

substitutioncanbe-Cl,-Br,-CHF 2 ,-CF3 ,-CH3 and S andthe4-substitutioncanbe

CI 

Br. Examplesof moietiesincludethefollowing: Br Br 

F3C 

CI Br Br or Br 

[0073] Asprovidedhereinbothhydrogenandnon-hydrogenmoietiescanbe 

presentonthepiperidineringofacompoundofFormula(I),orapharmaceutically 

acceptablesaltthereofInsomeembodimentsR 2 canbehydrogen.Inotherembodiments 

CiAhaloalkyl.ForexampleR 2 canbemethylethyln-propyliso-propyln-butyliso-butyl, 

sec-butyltert-butyl,-CHF 2 ,-CH2 F,-CF3 ,-CH2 Cl,-CHCl2 and-CCl3. Inyetstillother 

embodimentsR 2 canbeanoptionallysubstitutedC34cycloalkylanoptionallysubstituted 

arylanoptionallysubstitutedheteroaryloranoptionallysubstitutedheterocyclyl.Insome 

embodimentsR 2 canbeanoptionallysubstitutedaryl(C1Aalkyl),anoptionallysubstituted 

heteroaryl(C1Aalkyl)oranoptionallysubstitutedheterocyclyl(Cv4alkyl). ExemplaryR 2 

groupsinclude butarenotlimitedto anoptionallysubstitutedphenylanoptionally 

substitutedbenzylanoptionallysubstitutedmonocyclicheteroaryl(anoptionallysubstituted 

5-or 6-membered monocyclic heteroaryl) or an optionally substituted monocyclic 

heterocyclyl(anoptionallysubstituted5-or6-memberedmonocyclicheterocyclyl).  

15 

R 2 canbeanunsubstitutedCm4alkyl.InstillotherembodimentsR 2 canbeanunsubstituted



WO2022/115384 PCT/IiS2021/060366 

[0074] AswithR2 R3 canbehydrogenornon-hydrogenmoietiesasdescribed 

herein. Insomeembodiments canbehydrogen. InotherembodimentsR3canbean 

unsubstitutedC14alkylsuchasthosedescribedherein.InstillotherembodimentsR 3 can 

beanunsubstitutedCiAhaloalkylforexample,-CHF2,-CH2F,-CF3,-CH2Cl,-CHCl2and

CCl3.InyetstillotherembodimentsR 3 canbeanoptionallysubstitutedC3Acycloalkylan 

optionallysubstitutedarylanoptionallysubstitutedheteroaryloranoptionallysubstituted 

heterocyclyl.InsomeembodimentsR3canbeanoptionallysubstitutedaryl(C1Aalkyl),an 

optionallysubstitutedheteroaryl(Cu~4alkyl)oranoptionallysubstitutedheterocyclyl(Cu~4 

alkyl). InotherembodimentsR3canbeanoptionallysubstitutedphenylanoptionally 

substitutedmonocyclicheteroaryloranoptionallysubstitutedmonocyclicheterocyclyl.  

[0075] EachofR4 andR5canbeindependentlyhydrogenorselectedfromthe 

non-hydrogenmoietiesdescribedherein. InsomeembodimentsR 4 canbehydrogen. In 

otherembodimentsR4canbeanunsubstitutedC14alkylsuchasmethylethyln-propyl, 

iso-propyln-butyliso-butylsec-butylandtert-butyl.InstillotherembodimentsR 4 canbe 

anunsubstitutedC14haloalkyl. ExemplaryunsubstitutedC14haloalkylsaredescribed 

hereinandinclude-CHF 2 ,-CH2 F,-CF3 ,-CH2 Cl,-CHCl2 and-CCl3. Inyetstillother 

embodimentsR 4 canbeanoptionallysubstitutedarylanoptionallysubstitutedheteroarylor 

anoptionallysubstitutedheterocyclyl. Insomeembodiments R4 canbeanoptionally 

substitutedaryl(Cm4alkyl),anoptionallysubstitutedheteroaryl(C1Aalkyl)oranoptionally 

substitutedheterocyclyl(C1Aalkyl).ForexampleR 4 canbeanoptionallysubstitutedphenyl, 

optionallysubstituted5-or6-memberedmonocyclicheteroaryl)oranoptionallysubstituted 

monocyclic heterocyclyl (an optionally substituted 5- or 6-membered monocyclic 

heterocyclyl).  

[0076] InsomeembodimentsR 5 canbehydrogen.InotherembodimentsR 5 can 

beanunsubstitutedCiAalkyl. InstillotherembodimentsR 5 canbeanunsubstitutedC14 

haloalkyl. ExemplaryunsubstitutedCiAalkylsandunsubstitutedC14haloalkylsare 

describedhereinandincludethosedescribedwithrespecttoR 4 . Inyetstillother 

embodiments canbeanoptionallysubstitutedaryl(suchasanoptionallyphenyl),an 

optionallysubstitutedheteroaryl(suchasanoptionallysubstitutedmonocyclicheteroaryl)or 

anoptionallysubstitutedheterocyclyl(forexampleanoptionallysubstitutedmonocyclic 

16 

anoptionallysubstitutedbenzylanoptionallysubstitutedmonocyclicheteroaryl(an
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heterocyclyl).InsomeembodimentsR 5 canbeanoptionallysubstitutedaryl(C1Aalkyl),an 

optionallysubstitutedheteroaryl(Cu~4alkyl)oranoptionallysubstitutedheterocyclyl(Cu~4 

alkyl).ForexampleR 5 canbeanunsubstitutedorasubstitutedbenzylanunsubstitutedora 

substituted5-rueruberedmonocyclicheteroarylanunsubstitutedorasubstituted6-rueruberd 

nnnocyclic heteroaryl, an unsubstituted or a substituted 5-ruembered monocyclic 

heterocyclyloranunsubstitutedorasubstituted6-rueruberednionocyclicheterocyclyL 

[0077] TheheteroarylandheterocyclylforR 2 ,R3 ,R4 andR5 andincludedinthe 

heteroaryl(C1Aalkyl)andheterocyclyl(C1Aalkyl)forR 2 ,R3 R4 andR5 caninclude3,4,5or 

6ring(s)atomsandinclude12or3heteroatornssuchasN(nitrogen),0(oxygen)andS 

(sulfur).ForexampletheheteroarylforR 2 R3 ,R4 andR5andincludedintheheteroaryl(Cu~4 

alkyl)forR 2 ,R3 ,R4andR5canbeanoptionallysubstituted5-or6-memberedmonocyclic 

heteroarylthatincludes1heteroatomselectedfromN,0andS;andtheheterocyclylforR 2 

R4 andR5 andincludedintheheterocyclyl(C>4alkyl)forR 2 ,R3 ,R4 andR5canbean 

optionallysubstituted5-or6-memberedmonocyclicheterocyclylthatincludes1heteroatom 

selectedfromN,0andS.  

[0078] InsomeembodimentsR 6 canbehydrogen.InotherembodimentsR 6 can 

beanunsubstitutedCiAalkyl. InstillotherembodimentsR 6 canbeanunsubstitutedC14 

haloalkyL SuitableunsubstitutedC14alkylsandunsubstitutedCiAhaloalkylsinclude 

methylethyln-propyliso-propyln-butyliso-butylsec-butyltert-butyl,-CHF 2 ,-CH2 F, 

-CF3 ,-CH2 C1,-CHCLand-CCL.  

beanunsubstitutedC14alkylsuchasmethylethyln-propyliso-propyln-butyliso-butyl, 

sec-butylortert-butyLInstillotherembodimentsR 7 canbeanunsubstitutedCiAhaloalkyl, 

forexample,-CHF 2 ,-CH2 F,-CF3 ,-CH2 Cl,-CHUband-CCL.  

[0080] InsomeembodimentsR 2 ,R3 R4 ,R5 ,R6 andR7 canbeeachhydrogen.In 

otherembodimentsatleastoneofR 2 R3 ,R4 ,R5 R6 andR7 canbeanon-hydrogengroup, 

suchasthosedescribedhereininthepreviousparagraphs.InsomeembodimentsR 2 canbe 

anon-hydrogenmoiety;andR 3 ,R4 R5 ,R6 andR7 canbeeachhydrogen.ForexampleR 2 

canbeanunsubstitutedC14alkyl(suchasmethyl);andR 3 R 4 ,R 5 ,R6andR7 canbeeach 

hydrogen. AsanotherexampleR 2 canbeanunsubstitutedC3Acycloalkyl(suchas 

cyclopropylorcyclobutyl);andR 3 ,R4 ,R5 ,R6andR7canbeeachhydrogen.  

17 

[0079] InsomeembodimentsR 7 canbehydrogen.InotherembodimentsR 7 can
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[0081] The5-rueruberedringofFormula(I)shownhereincaninclude2or3 

nitrogens.InsomeembodimentswhenXisN(nitrogen),the5-memberedringofFormula 

(I)canbea1,2,3-triazoleandhavethestructureofFormula(Ia). Inotherembodiments 

whenXisCHthe5-memberedringofFormula(I)canbeapyrazoleandhavethestructure 

ofFormula(B).InstillotherembodimentswhenXisCDthe5-memberedringofFormula 

(I)canbeadeuterium-substitutedpyrazoleandhavethestructureofFormula(Ic).Inyetstill 

otherembodimentswhenXisCFthe5-memberedringofFormula(I)canbeafluoro

substitutedpyrazoleandhavethestructureofFormula(Id).InsomeembodimentswhenX 

isC(CHQthe5-memberedringofFormula(I)canbeamethyl-substitutedpyrazoleand 

havethestructureofFormula(le).  

R~R5  R~R5  0 

N N 

N (Ia) 0 (Ib) 

R~R5  R~R5  0 

N N 

N N 

D (Ic) F (Id) 

R~R5 0 

N 

N 

0 

(le) 

18 
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[0082] TheR9substituentofFormula(I)canbeavarietyofcyclicmoietiessuch 

asthosedescribedherein. InsomeembodimentsR 9 canbeasubstitutedaryl. Asan 

exampleR9 canbeasubstitutedphenyl.ThephenylforR 9 canbesubstitutedwithoneor 

moresubstituentssuchasthosedescribedherein(includingthoselistedinthedefinitionof 

optionallysubstituted"and/orthoseprovidedinthisparagraph).Insomeembodiments 

canbeasubstitutedphenylwhereinthephenylcanbesubstitutedwithoneormore 

substituentsindependentlyselectedfrom-C(0)NHCH3,halogenanunsubstituted5-or6

memberedmonocyclicheteroaryla5-or6-memberedmonocyclicheteroarylsubstituted 

withamoietyselectedfromanunsubstitutedCiAalkylandaCiAhaloalkylanunsubstituted 

5-or6-memberedmonocyclicheterocyclyla5-or6-memberedmonocyclicheterocyclyl 

substitutedwithamoietyselectedfromthegroupconsistingofanunsubstitutedCiAalkyl 

andaC14haloalkyl,-C(0)-NR 1 2 CH2 -R1 3 ,(wherein canbehydrogenoran 

unsubstitutedC14alkyl;R 1 3 canbeselectedfromhydroxya-aminoacidand-0

0)(0R1 4 )2 ;andeachR 1 4 canbeindependentlyhydrogenoranunsubstitutedCiAalkyl; 

andwhereintheu-aminoacidcanbeconnectedviaitshydroxythatispartofitsmain-chain 

carboxylicacid).  

[0083] Thesubstituent(s)describedhereincanbeonvariouspositionsofthe 

phenylring.Forexampleasubstituentcanbepresentattheortho-meta-orpara-position.  

InsomeembodimentsR9canbesubstitutedattheortho-position.Insomeembodiments 

canbesubstitutedatthemeta-position.InsomeembodimentsR9canbesubstitutedatthe 

2,3ormorethan3substituentspresentonthephenylofR 9 . Insomeembodimentsone 

substituentcanbepresentonthephenylofR 9 .Inotherembodimentstwosubstituentscan 

bepresentonthephenylofR 9 .Instillotherembodimentsthreesubstituentsormorethan 

threesubstituentscanbepresentonthephenylofR 9 .Insomeembodimentsonesubstituent 

canbepresentonthephenylofR 9 atthepara-position. Inotherembodiments one 

substituentcanbepresentonthephenylofR 9 atthepara-positionandasecondsubstituent 

canbepresentonthephenylofR 9 atthemeta-position. Instillotherembodimentsone 

substituentcanbepresentonthephenylofR 9 atthepara-positionandasecondsubstituent 

canbepresentonthephenylofR 9 attheortho-position.  

19 

para-position.ThenumberofsubstituentsonthephenylofR 9 canalsovary.Therecanbe1,



WO2022/115384 PCT/IiS2021/060366 

[0084] Thepossiblesubstituentsthatcanbepresentonthesubstitutedphenylfor 

R9 includethoselistedinthedefinitionof"optionallysubstituted"and/orthoseprovidedin 

thisparagraphsuchas 0)NHCH3, 0)N(anunsubstitutedC14alkyl)-CH2-@x

aminoacid),whereinthea-aminoacidislinkedtothe-CH 2 -viaitsmain-chainoxygenthat 

ispartofitscarboxylicacidgroup(suchas-C(0 (anunsubstitutedC14alkyl)-CH2-0

0)-C(anunsubstitutedCiAalkyl)NH2),halogenanunsubstituted5-or6-membered 

monocyclicheteroaryla5-or6-memberedmonocyclicheteroarylsubstitutedwithamoiety 

selectedfromanunsubstitutedCiAalkylandaCiAhaloalkylanunsubstituted5-or6

memberedmonocyclicheterocyclyla5-or6-memberedmonocyclicheterocyclylsubstituted 

withamoietyselectedfromthegroupconsistingofanunsubstitutedC14alkylandaC14 

haloalkyl,-C(0)-N(anunsubstitutedCiAalkyl)-CH2-OH- 0)-N(anunsubstitutedC14 

alkyl)-CH2-0-P(0)(OH)2,-C(0)-N(anunsubstitutedCv4alkyl)-CH2-0-P(0)(OH)(an 

unsubstitutedC14alkyl)and-C(0)-N(anunsubstitutedC14alkyl)-CH2-0-P(0)(an 

unsubstitutedC14alkyl)2.WhensubstituentthatispresentonthesubstitutedphenylforR 9 

includesana-aminoacidthea-aminoacidcanbeanL-a-aminoacidorD- I a-aminoacid, 

includingglycinealaninevalineleucineandisoleucine.InsomeembodimentsR 9 canbea 

substituted phenyl, substituted with -CONHCH3, for example R9 can be 

0 

N> 

a Thephenylcanbesubstitutedwitha5-or6-memberedmonocyclic 

heteroarylsuchaspyrazoleimidazole,1,2,3-triazole,1,2,4-triazoleandtetrazole.The5-or 

6-memberedmonocyclicheteroarylpresentonthesubstitutedphenylofR 9 canbe 

unsubstitutedorsubstituted. Whenthe5-or6-memberedmonocyclicheteroarylis 

substitutedthemonocyclicheteroarylcanbesubstitutedwithoneormoremoietiesselected 

fromanunsubstitutedC14alkyl(includingmethyl)andanunsubstitutedCiAhaloalkyl 

(includingCF3 ). InsomeembodimentsR9canbesubstitutedwithanunsubstitutedora 

substitutedpyrazole anunsubstitutedorasubstitutedimidazoleanunsubstitutedora 

substituted1,2,3-triazoleanunsubstitutedorasubstituted1,2,4-triazoleoranunsubstituted 

orasubstitutedtetrazole.Examplesof5-or6-memberedmonocyclicheteroarylsthatcanbe 

presentonthesubstitutedphenylofR9. thefollowing: 

20 
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-N -N -N N~N N~N N N N 

\/~CF3 ~ N 
N N 
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CF3 
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N-
I I 
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N N 
N N N N 

N / / \ / / N N N N 
H H 

HN N ~N N N~"NN N~NN NZ~N 
/ NH 

N ~ -~ N -X N/ -~ N N H -~ 

-N ~N N 

N N 
%%W9NaIIdXN N N N 

[0085] Insomeembodimentsthe5-or6-memberedmonocyclicheteroarylsthat 

canbepresentonthesubstitutedphenylofR9. the S 

-N -N 
-N -N -N N N N N N 

~/~CF~ ~ N 
N N 
H H 

CF3 

N~N N

/ CF3  I N
N VN I CF3 

4N// 

CF3 CF3  SN[N 

CF3  CF3  CF3 

N N N 
N 

N x/ H~ N N 

N I N 
4 N \N~4 

\N~6~ 
N N N 
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HN~N N-N \N~-N ~N N 

~ ~ 

N N 
N N N N 

N / / \ / / N N N N 
H H 

HN N N~N N~NN N~N 
N N N N N/ NH 

N ~ N N N 

H 
Na-N 

a- a-a-N N N 
N ,~,N ~ N 

N N N and a Insomeembodimentsthe5

or6-memberedmonocyclicheteroarylsthatcanbepresentonthesubstitutedphenylofR 9 

includethefollowing: 

a-N 
-N -N -N N N N N N 

~/~CF~ ~i\ N 
N N 
H H H 

Na-N 

N 'yN~49 \N N kN~<~ VN~ I 
N N N 

HNa-N Na-"N >N~a--N 

N // 
~ \~ \~ 

N N N 

N 
N a-..N N N N N 

N / X / / N N N 
H H 
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NN HN N N~N N~NN 

N/ N~N/ NN N~N N N N/ 

H 

N~N NZ~N N N 
NH N___ N N N 

/ 6' 6' 
N -~ N -~ N -~ N and -~ N 

[0086] Thephenylcanbesubstitutedwitha5-or6-nieniberedmonocyclic 

heterocyclylsuchasoxo-triazole(e.g.oxo-1,2,4-triazole)oroxo-oxadiazole(e.g.oxo-1,2,4

oxadiazole).The5-or6-nieruberedinonocyclicheteroarylpresentonthesubstitutedphenyl 

ofR9 canbeunsubstitutedorsubstituted. Whenthe5-or6-rueruberedmonocyclic 

heterocyclylissubstitutedthemonocyclicheterocyclylcanbesubstitutedwithoneormore 

moietiesselectedfromanunsubstitutedC14alkyl(includingmethyl)andanunsubstituted 

CiAhaloalkyl(includingCF 3 ). Examplesof5-or6-memberedmonocyclicheterocyclyls 

thatcanbepresentonthesubstitutedphenylofR 9 includethefollowing: 

0 0 0 0 0 0 

HN N HN N HN N 
0 0 NH NH N___ N 

/ ~ / 
N N N N N N 

HN~0 

N da N 

[0087] InsomeembodimentsR 9 canbeanoptionallysubstitutedheteroaryl.The 

optionallysubstitutedheteroarylcanbeamonocyclicorabicyclicheteroaryl. Income 

embodimentsR 9 canbeanoptionallysubstitutedmonocyclicheteroarylsuchasa5-or6

membered nitrogen-containingmonocyclicheteroaryl. Asanexample, canbean 

unsubstitutedorasubstitutedpyrazoleanunsubstitutedorasubstitutedpyrazinean 

unsubstitutedorasubstitutedpyrimidineanunsubstitutedorasubstitutedpyridazineandan 

unsubstitutedorasubstitutedpyridine.Whenthemonocyclicheteroarylissubstitutedthe 

monocyclicheteroarylcanbesubstitutedwithoneormoremoietiesselectedfroman 

unsubstitutedCp{alkyl(includingmethyl),anunsubstitutedCiAhaloalkyl(includingCFQ, 

24 
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anunsubstitutedC-ainido(suchas-C(0 HCHQamono-substitutedaminogroup(such 

as-NHCH3)andanoptionallysubstitutedmonocyclicheteroaryLInsomeembodiments 

whentheR9 monocyclicheteroarylissubstitutedwithamonocyclicheteroarylthe 

substituentmonocyclicheteroarylisoptionallysubstitutedwithoneormoremoieties 

selectedfromanunsubstitutedC14alkyl(includingmethyl)andanunsubstitutedC14 

7N~"N H 
N 

N~N 
N 

haloalkyl(includingCFQforexample x 

N~N 

N 

and ExemplaryoptionallysubstitutedmonocyclicheteroarylsforR 9 

N~NH N 

includebutarenotlimitedtothefollowing: \ 
N 

includingforexamplesubstitutedpyrazole 

NH N~N N N~N 

N_ N 

N suchas or a Insome 

embodimentsoptionallysubstitutedmonocyclicheteroarylsforR 9 include butarenot 
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N~NH N N4  N 

limitedto thefollowing: and 

N 

a 

[0088] Insomeembodiments R9 canbeanoptionallysubstitutedbicyclic 

heteroarylsuchasa9-orlO-memberednitrogen-containingbicyclicheteroaryL Non

limitingexamplesofbicyclicheteroarylsforR 9 includeanunsubstitutedorasubstituted 

indazoleanunsubstitutedorasubstitutedbenzimidazoleanunsubstitutedorasubstituted 

benzoLd]isothiazoleanunsubstitutedorasubstitutedbenzoLc]isoxazoleanunsubstitutedor 

asubstitutedbenzo[d]isoxazole anunsubstitutedorasubstituted II1,2,4]triazolo[4,3

a]pyridineanunsubstitutedorasubstitutedbenzimidazoleanunsubstitutedorasubstituted 

benzotriazoleand3H-imidazo[4,5-c]pyridine. Whenthebicyclicheteroarylissubstituted, 

thebicyclicheteroarylcanbesubstitutedwithoneormoremoietiesselectedfroman 

unsubstitutedCv4alkyl(includingmethyl),anunsubstitutedCiAhaloalkyl(includingCFQ, 

anunsubstitutedC14hydroxyalkyl(suchas-CH 2 -OH,-CH2 CH2 -OH,-CH2 CH2 CH2 -OH 

and-CH2 CH2 CH2 CH2 -OH),anunsubstitutedC-amido(suchas-C(0)NHCH3),anda 

mono-substitutedaminogroup(suchas-NHCH3).InsomeembodimentsR9canbeselected 

H 

/ 
N N 

from , , H 

H H 
N N N N N 

N 
7 / 

N N N N 

H H 

and 
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, whereineachmoietycanbeunsubstitutedorsubstituted. Income 

N 

I 
N 

embodiments, can be selected from H 

H 
N 

/ 
N 

and 

whereineachmoietycanbeunsubstitutedorsubstituted.  

[0089] InsomeembodimentsR9canbeanoptionallysubstitutedheterocyclyl.  

Theheterocyclylcanbeanoptionallysubstitutedmonocyclicheterocyclyloranoptionally 

substitutedbicyclicheterocyclyl.Themonocyclicheterocyclylcanbea5-or6-membered, 

nitrogen-containingmonocyclicheterocyclyl;andthebicyclicheterocyclylcanbea9-or10

memberednitrogen-containingbicyclicheterocyclyl.Anexampleofasuitableheterocyclyl 

0 

forR9. anunsubstitutedorasubstitutedisoindolin-1-onesuchas and 

[0090] AsdescribedhereininsomeembodimentsR9canbeanunsubstituted 

heteroaryloranunsubstitutedheterocyclyl. InotherembodimentsR 9 canbeasubstituted 

heteroarylorasubstitutedheterocyclylwhereintheheteroaryland/ortheheterocyclylcanbe 

substitutedwithoneormoresubstituentsindependentlyselectedfrom-C(0)NHCH3, 

-NHCH3,-NHCH2CH3, N(CH3)2,-N(CH2CH3)2,methylethyland-CF 3 .  

[0091] AsshownforFormula(I),R 8 canbe~CHR 8 aRsb.Insomeembodiments 

canbehydrogen.InotherembodimentsRSacanbe-CH 3 .  

27 
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[0092] VariousmoietiesaresuitableforRsb.InsomeembodimentsR 8 bcanbe 

anunsubstitutedCiAalkylsuchasmethylethyln-propylisopropyln-butyliso-butylsec

butylandtert-butyLAsprovidedhereinRsbcanbeunsaturatedhydrocarbonmoieties. In 

someembodimentsRsbcanbeanunsubstitutedC2Aalkenyl.InotherembodimentsR 8 bcan 

beanunsubstitutedC24alkynyl. ExamplesofC24alkenylsandC24alkynylsincludebut 

arenotlimitedto ethenylpropenyl(straight-chainedandbranched),butenyl(straight

chainedandbranched),ethynylpropynyl(straight-chainedandbranched)andbutynyl 

(straight-chainedandbranched). CyclicmoietiescanalsobepresentforR 8 b. Income 

embodiments R 8 bcanbeanunsubstitutedorasubstitutedmonocyclicCiv#jcycloalkyl.  

ExemplarymonocyclicC36cycloalkylsincludecyclopropyl, cyclobutyl, cyclopentyland 

cyclohexyl.InotherembodimentsRsbcanbeanunsubstitutedorasubstitutedphenyl. In 

stillotherembodimentsRsbcanbeanunsubstitutedorasubstitutedmonocyclicheteroaryl.  

InyetstillotherembodimentsRsbcanbeanunsubstitutedorasubstitutedmonocyclic 

heterocyclyl. Themonocyclicheteroarylandmonocyclicheterocyclylcanbe5-or6

memberedandcanincludeoneormoreheteroatoms(suchas1, 2or3heteroatoms)selected 

fromN(nitrogen),0(oxygen)andS(sulfur). AdditionalexamplesofRsbcyclicgroups 

includebutarenotlimitedtotetrahydrofurantetrahydrothiophenefuranthiopheneand 

pyridine.  

[0093] Insomeembodimentsthephenylthemonocyclicheteroarylandthe 

monocyclicheterocyclylforR 8 bcanbeunsubstituted.Inotherembodimentsthephenylthe 

phenylthemonocyclicheteroarylandthemonocyclicheterocyclylforRsbaresubstituted, 

oneormorehalogens(suchasfluorochloroandbromo)canbepresent.  

[0094] InsomeembodimentsacompoundofFormula(I),orapharmaceutically 

acceptablesaltthereofcanbeacompoundofFormula(Ic),orapharmaceuticallyacceptable 

saltthereofhavingthestructure: 

28 
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R~R5 0 

N 

0 N x (Ic) 

wherein:XR 2 RNR4 ,R5 ,R6 ,R7 R8 andR9 canbeasdefinedinFormula(I),R 1 0 canbe 

selectedfrom-Cl,-Br, CHF2 ,-CF3 ,-CH3 and-CN'andR 1 1 canbeselectedfrom-CHF 2 , 

-CF3 ,and-CH3 . InsomeembodimentsforFormula(Ic),R 1 1 canbe-CF3 . Income 

embodimentsforFormula(Ic),R 1 1 canbe-CF3 andR1 0 canbe-Clor-Br. Income 

embodimentsforFormula(Ic), 1canbe-CF3 andR1 0 canbe-Br.  

[0095] InsomeembodimentsacompoundofFormula(I),orapharmaceutically 

acceptablesaltthereofcanbewhereXcanbeCHorN;R 1 canbea3,4-substitutedphenyl 

substitutedwithtwomoietiesindependentlyselectedfromthegroupconsistingof-Cl,-Br,

CHF2 ,-CF3 ,-CH3 and-CN, andR3 canbeindependentlyselectedfromthegroup 

consistingofhydrogenanunsubstituted alkylanunsubstitutedCiAhaloalkylan 

optionallysubstitutedarylanoptionallysubstitutedheteroarylanoptionallysubstituted 

heterocyclyl, an optionally substituted aryl(Cv4 alkyl), an optionally substituted 

heteroaryl(C1Aalkyl)andanoptionallysubstitutedheterocyclyl(C1Aalkyl);R 4 andR5 canbe 

independentlyselectedfromthegroupconsistingofhydrogenanunsubstitutedC14alkylan 

heteroarylanoptionallysubstitutedheterocyclylanoptionallysubstitutedaryl(C14alkyl), 

anoptionallysubstitutedheteroaryl i-4alkyl)andanoptionallysubstitutedheterocyclyl( i-~ 

alkyl),R6 andR7 canbeindependentlyselectedfromthegroupconsistingofhydrogenan 

unsubstitutedC14alkylandanunsubstitutedCiAhaloalkyl;RScanbe~CHRSaRSb;R 8 ~ canbe 

hydrogenor-CH 3 ;RSbcanbeselectedfromthegroupconsistingofanunsubstitutedC14 

alkylanoptionallysubstitutedmonocyclicC36cycloalkylanoptionallysubstitutedphenyl, 

anoptionallysubstitutedmonocyclicheteroarylandanoptionallysubstitutedmonocyclic 

heterocyclyl;andR 9 canbeasubstitutedarylanoptionallysubstitutedheteroaryloran 

optionallysubstitutedheterocyclyl..  

29 
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[0096] InsomeembodimentsacompoundofFormula(I),orapharmaceutically 

acceptablesaltthereofcanbewhereXcanbeCHorN;R 1 canbea3,4-substitutedphenyl 

substitutedwithtwomoietiesindependentlyselectedfromthegroupconsistingof-Cl,-Br,

CHF2,-CF3,-CH3and-CN;R 2 andR3 canbeindependentlyselectedfromhydrogenan 

unsubstitutedCiAalkylanunsubstitutedCiAhaloalkylanoptionallysubstitutedarylan 

optionallysubstitutedheteroarylanoptionallysubstitutedheterocyclylanoptionally 

substitutedaryl(Cv4alkyl),anoptionallysubstitutedheteroaryl(Cu~4alkyl)andanoptionally 

substitutedheterocyclyl(Cu~4alkyl\R 4 andR5 canbeindependentlyselectedfromhydrogen, 

anunsubstitutedCv4alkylanunsubstitutedC14haloalkylanoptionallysubstitutedarylan 

optionallysubstitutedheteroarylanoptionallysubstitutedheterocyclylanoptionally 

substitutedaryl(Cv4alkyl),anoptionallysubstitutedheteroaryl(Cu~4alkyl)andanoptionally 

substitutedheterocyclyl(Cm4alkyl);R 6 andR7 canbeindependentlyselectedfromhydrogen, 

anunsubstitutedCiAalkylandanunsubstitutedC14haloalkyl;R 8 canbe~CHRsaRsbeR 8 ~ can 

behydrogenor-CH 3 ;RsbcanbeselectedfromanunsubstitutedC14alkylanunsubstituted 

C2A alkenylanunsubstitutedC2Aalkynylanoptionallysubstitutedmonocyclic 

cycloalkylanoptionallysubstitutedphenylanoptionallysubstitutedmonocyclicheteroaryl 

andanoptionallysubstitutedmonocyclicheterocyclyl;andR 9 canbeasubstitutedarylan 

optionallysubstitutedheteroaryloranoptionallysubstitutedheterocyclyL 

[0097] ExamplesofcompoundsofFormula(I)includethefollowing: 

H H 

CI CI 

0 0 

H H 
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0 NH 

0 
H 

0I 

0 

NH 
NJ 

0 N 

CI CI 

0 0 

-N -N 

/N 

N N 

CI CI 

I 
0 

N NA 

CI CI 

0 

CF3 

NSr Na
I If 

0 0 

CI CI 
0 N 0 N 
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I 
N 

0 0 
0 

0 

CI 
CI 1~~ 

'I N 
0 N 

0 0 

0 0 
H H 

I 

0 N 0 

NHMe 
NHMe 

0 N 
0 N 

a 

NHMe NHMe 

0 0 

0 0 N 

0 
NHMe 

H 

CI 

0 N 
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0 0 

0 
N 
H 

CI CI 

F 

0 

H 

CI 

HN 
0 

N 

CI 

0 

HN 
HN 

1 0 
N / 
H N 

H 
CI 

HN I 
0 

I 

N 
H 
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HN 

a N 
N 

N 

0 N 0 

N 
N 

N 
H 

0 0 N 
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0 

N 0 N 
N 

HN 
0 0 

/ 

H N H 

N 

0 N 
0 N 

'I 

0 N 0 N 

N 

N 
N 

CI 

35 

H



WO2022/115384 PCT/IiS2021/060366 

N 
0 

0 0 N 

N 

0 N 0 N 
H H 

CI 

0 0 

0 0 

CI 

HN HNa~~ 

0 

N N 
H H 

CI 

0 

NH 
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N 
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N N 
I, 

N N 
H H 

N 
/ 

N a N 
H H 

CI 

N N 
H 

CI 

N 0 

N H 

N~N N 
/ 

0 N 
H 

1 0 
0 N 0 N 
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N 
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N 

H F N 
H 

N 
- I 

N 
H 

N 
II 

N 
/ 

0 N NH 

0 

I Fl 
0 N 

II N 
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HN 
/ H 

I 

N N 
H 

0 

0 
H H 

CI 

0 
0 

0 
H 

H 

CI 

F 
F 

0 0 

0 0 
H H 

N 

HN~" 

0 
N N H 
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HN~" 

HN~ HN~ 

CI 
F 

HN~ 
I 

0 

N 

N~N 

0 N N 

F 

N 
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N N 
N 

/ N) 
N N 
H 

0 

0 H 
H 

N 

N 
N 

0 
0 

N 
N 

0 

N 

N H 
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N 

N N~4 N 
N 

N 

N 

N 
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N 

N 
H 

CI 
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N H 
N 

N 

N N 

N 
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0 HN~" 
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H 

N N H 

CI 

F 

0 
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0 

N H 
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N~N 

0 N 0 
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N 
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-N N~N 
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0 0 N 
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N N N 

F30 N 
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HN~ PC 
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N 
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I 
N / 
I> N 
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N 

0 N 
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foregoing4 
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[0098] AdditionalexamplesofacompoundofFormula(I),orapharmaceutically 

acceptablesaltthereofincludethefollowing: 

0 0 
H H 

CI CI 
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N N 
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, or a 

pharmaceuticallyacceptablesaltofanyoftheforegoing.  

[0099] InsomeembodimentswhenR 2 ,R3 ,R4 ,R5 , andR7areeachH'R 1 is 

CI 

CI S 15H;andRsbisunsubstitutedphenylthenR9' notphenylsubstitutedat 

the4-positionwithanunsubstitutedCiAalkoxy(suchas-OCH 3 )oranunsubstitutedC

amido(forexample,-C(0 HCH3).InsomeembodimentswhenR 2  andR7 

CI 

areeachH'R 1 isCI 6 15H;andRsbisunsubstitutedphenylthenR 9 cannotbe 
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aphenylsubstitutedatthe4-positionwithanunsubstitutedCiAalkoxy(suchas-OCH 3 )or 

anunsubstitutedC-amido(forexample,-C(0 HCH3 ).InsomeembodimentswhenR 2 is 

HorCH3 ~ R3 ,R4 ,R5 andR7 areeachH;RS~isHorCH 3 ~ RSb' anunsubstitutedphenyl; 

andR9 isaphenylsubstitutedatthe4-positionwithanunsubstitutedC-arnido(suchas

CI NC 

0 HCHQthenR 1 cannotbeBr orBr ' Insomeembodiments, 

0I 

whenR2 ,R3 ,R4 , R6andR7 areeachH'R 1 isCI 6 R9' aphenylsubstitutedat 

the4-positionwithanunsubstitutedC-amido(suchas-C(-0)NHCH3)~andR 8 aisHthen 

Rsbcannotbeaphenylsubstitutedatthe4-positionwithanunsubstitutedCushaloalkoxy(for 

example,-OCF3 )or-CMInsomeembodimentswhenR 2 ,R3 ,R4 ,R5 R6 andR7 areeachH; 

CI 

R1 isBr S iSaphenylsubstitutedatthe4-positionwithanunsubstitutedC

amido(suchas-C(0)NHCH3\andRS~isHthenRsbcannotbeanunsubstitutedC24 

alkynyl (such as ttttCH), an unsubstituted monocyclic cycloalkyl (including 

cyclopropyl),anunsubstitutedC14alkyl(includingisopropyl),anunsubstitutedpyridinyl 

(suchaspyridin-2-ylpyridin-3-ylandpyridin-4-yl),aphenylsubstitutedatthe3-position 

withahalogen(forexamplefluoro),aphenylsubstitutedatthe4-positionwithahalogen 

haloalkoxy(forexample,-OCF 3 ),andaphenylsubstitutedatthe2-positionwithahalogen 

(suchasfluoro)andthe4-positionwithanunsubstitutedC14alkoxy(suchas-OCH3)or

CI 

CMInsomeembodimentswhenR 2 ,R3 ,R4 ,R5 ,R6andR7areeachH*R1~ Br 

isH'andRsbisanunsubstitutedphenylthenR9cannotbeabicyclicheteroarylora 

bicyclicheterocyclyl(examplesofbicyclicheteroarylsandbicyclicheterocyclylsincludethe 
e 

following: 3-aminobenzoLd]isoxazol-6-yl,3-(methylamino)benzoLd]isoxazol-6-yl, 3-amino
e e 

1H-indazol-6-yl,3-(methylamino)-1H-indazol-6-yland1-oxoisoindolin-5-yl),amonocyclic 

heteroaryl(suchaspyridin-5-ylsubstitutedatthe2-positionwith-C(0)NHCH3),a 
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(suchasfluoro),anunsubstitutedCiAalkoxy(suchas-OCH 3 ),-CNoranunsubstitutedCus
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monocyclicC36cycloalkyl(forexamplecyclohexylsubstitutedatthe4-positionwith 

-C(0)NHCH3),aphenylsubstitutedatthe4-positionwitha-C-amido(forexamplea-C

amido selected from -C(0)NH2, -C(0)NHCH2CH3, -C(0)NHCH(CHQ 2 and 

-C(0)NH-cyclopropyl),aphenylsubstitutedatthe4-positionwithamonocyclicheteroaryl 

(forexampleanunsubstitutedpyrazol-1-ylunsubstitutedimidazol-2-yl,2-methyl-imidazol

5-yl,3-methyl-pyrazol-1-yland1-methyl-imidazol-2-yl),aphenylsubstitutedatthe3

position with -C-amido (such as 

-C(0)NHCH3)oraphenylsubstitutedatthe3-positionwithhalogen(suchaschloro)and 

the4-positionwith-C-amido(forexample,-C(0 HCHQ.Insomeembodimentswhen 

NC 

andR7 areeachH;R1' Br R9. aphenylsubstitutedwith

0 HCH3 ;andR8 ~ isHthenR8 bcannotbeaphenylsubstitutedatthe2-positionwitha 

halogen(suchasfluoro),aphenylsubstitutedatthe2-positionwithahalogen(suchas 

fluoro)andthe4-positionwith-CNoranunsubstitutedC14alkoxy(forexample,-OCH3), 

oraphenylsubstitutedatthe4-positionwithahalogen(suchasfluoro)oranunsubstituted 

CiAalkoxy(forexample,-OCH 3 ).InsomeembodimentswhenR 2 ,R3 ,R4 R5 ,R6 andR7 

NO 

areeachifR 1 is Br isH'andR8 bisanunsubstitutedphenylandthenR 9 

-C(0)NH2, -C(0)NHCH2CH3, -C(0)NHCH(CH3)2, -C(0)NHcyclopropyl), an 

unsubstitutedpyrazol-1-yloranunsubstitutedimidazol-2-yl. Insomeembodiments a 

compoundofFormula(I),orapharmaceuticallyacceptablesaltthereofcannotbea 

compoundorapharmaceuticallyacceptablesaltthereofprovidedinWO2020/243199.In 

someembodimentsacompoundofFormula(I),orapharmaceuticallyacceptablesalt 

thereofcannotbeacompoundorapharmaceuticallyacceptablesaltthereofselectedfrom 
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and (includingpharmaceuticallyacceptablesalts 

ofanyoftheforegoing).  

Synthesis 

[0100] CompoundsofFormula(I)alongwiththosedescribedhereinmaybe 

preparedinvariousways.GeneralsyntheticroutesforpreparingcompoundsofFormula(I) 

areshownanddescribedhereinalongwithsomeexamplesofstartingmaterialsusedto 
e 

synthesizecompoundsdescribedherein. Theroutesshownanddescribedhereinare 

illustrativeonlyandarenotintendednoraretheytobeconstruedtolimitthescopeofthe 

claimsinanymannerwhatsoever. Thoseskilledintheartwillbeabletorecognize 

modificationsofthedisclosedsynthesesandtodevisealternateroutesbasedonthe 

claims.  

Scheme 1 

R 
)Ik(I) 

Boc 

(II) (III) 

[0101] CompoundsofFormula(I)canbepreparedfromaBocintermediateof 

Formula(II). TheBocgroupcanbecleavedusingacidicconditions forexamplein 
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presenceofHC1inasuitablesolvent(suchas1,4-dioxane)orinpresenceofcuppertriflate.  

ThecouplingofanintermediateofFormula(III)withasuitableagentcanaffordacompound 

ofFormula(I),includingpharmaceuticallyacceptablesaltsthereof Asanexample, 

compoundsofFormula(I),alongwithpharmaceuticallyacceptablesaltsthereofcanbe 

obtainedbyreactingacompoundofFormula(III)withanacylchlorideofgeneralformula 

0)-Clinthepresenceofabaseinasuitablesolvent. OthercompoundsofFormula 

(I),includingpharmaceuticallyacceptablesaltsthereofcanbeobtainedbyreactinga 

compoundofFormula(III)withacarboxylicacidofformulaR 1 -C(0)-OHinpresenceofan 

amidecouplingagent(suchasHATUorEDCI/HOBt)inasuitablesolventandinthe 

presenceofasuitablebase.OthercompoundsofFormula(I)togetherwithpharmaceutically 

acceptablesaltsthereofcanbepreparedfromacompoundofFormula(III)usingmethods 

knownintheart.  

Scheme 2 

PMB 
I 

N 
~L' /NH2 x 

R8 x 0 
Coupling I N ringclosure 

N N 
2.PMBdeprotection H H 

I' 

reduction 

2.Bocprotection Boc 

(VII) 

[0102] AcompoundofFormula(I),inwhichR 2 R4 andR6 arehydrogencanbe 

preparedfromanintermediateofformula(VII)whosesynthesisisdepictedinScheme2.A 

carboxylicacidderivativeofFormula(IV)canbecoupledwithaprotectedpyrazol-5-amine 

substitutedwithaRSgroupusingcouplingproceduresknownintheartfortheformationof 

amidebondtoprovideacompoundofFormula(V).Examplesofcouplingprocedurescan 
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usesuitablecouplingreagents(suchasHATU),inthepresenceofasuitablebase(for 

exampleDIBA)inasuitablesolvent(suchasDMF),followedbythedeprotectionofthe 

protectingPMBgroupunderacidicconditions(suchasTFA).Treatmentofacompoundof 

Formula(V)withabase(suchascesiumcarbonate)inasuitablesolvent(suchasDMF)can 

provideacyclizedcompoundofFormula(VI).SubsequentlyacompoundofFormula(VII) 

inwhichR2 R4 andR6 arehydrogencanbeobtainedbyreductionofacompoundof 

Formula(VI)usingforexamplecatalytichydrogenationwithPd/CinEtOHfollowedby 

theintroductionofaBocprotectinggroupusingconditionsknownintheart(suchas 

reactionwithBoc2OinpresenceofTEAinDCM). Alternativelythereductionofthe 

pyridylmoietyofacompoundofFormula(VI)canbeachievedinseveralsteps. For 

exampleacompoundofFormula(VI)canbealkylatedwith3,4-dimethoxybenzylbromide 

inasuitablesolvent(suchasacetonitrile)toaffordapyridiniumintermediatethatcanbe 

isolatedandthenreducedwithsodiumtriacetoxyborohydrideinasuitablesolvent(suchas 

1,2-dichloroethane).Thedimethoxybenzylgroupcanbecleavedusingproceduresknownto 

thoseskilledintheart.Exemplaryproceduresincludeusingchloroethylchloroformateina 

suitablesolvent(suchas1,2-dichloroethane)followedbythetreatmentwithmethanol.  

Scheme 3 

PMB 
I 

N" 
\/ NH2 

IN I~N 
N N 1.PMBdeprotection N N 
H PMB H H 

Boc coupling Boc 2.Bocprotection Boc 

R4 50 

Boc 

(VII) 

[0103] AnintermediateofFormula(VII)canalternativelybepreparedas 

depictedinScheme3. AnesterofacompoundofFormula(VIII)canbereactedwitha 

protectedpyrazol-5-aminesubstitutedwithaR 8 groupinthepresenceofabase(suchas 
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LiHMDS)inasuitablesolvent(suchasTHF)toobtainananiideofFormula(IX).  

SubsequentdeprotectionofthePMBgroupinacidicconditions(suchasTFA)followedby 

treatmentwithBoc2Oinpresenceofabase(forexampleEt3N)inasolvent(forexample, 

MeOH)cangiveacompoundofFormula(X).  

[0104] CyclizationofacompoundofFormula(X)canbeachievedbyusing 

methodsknownintheart.ForexampleacompoundofFormula(X)canbereactedwitha 

base(suchaspotassiumcarbonate)inpresenceofcupperinasuitablesolvent(suchasDMF) 

toaffordacompoundofFormula(VII).  

Scheme 4 

4 

R9(BOH)2 

Boo Boo 
N 

(VII) (II) 

[0105] AcompoundofFormula(II)canbeobtainedfromacompoundof 

Formula(VII)asdepictedinScheme4.ReactionofacompoundofFormula(VII)witha 

compoundofFormulaR 9 B(OH)2 inthepresenceofacopper-basedagentsuchasCu(OTf)2 

orCu(OAc)2,andabase(suchaspyridineortrimethylamine)inasolvent(forexample, 

DMForDCM)canprovideacompoundofFormula(II). Otherconditionstosubstitutea 

ofFormulaR 9 BrorR9 ClcanreactwithacompoundofFormula(VII),inthepresenceofa 

palladiumcatalyst(suchasPd2(dba)3),aligand(suchasXantPhos)andabase(forexample, 

K3 P04 )inasuitablesolvent(suchasdioxane).  
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Scheme 5 
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[0106] AcompoundofFormula(II)inwhichR 2 'R4 andR6 areeachHcanbe 

preparedfromapyridine-4-carboxylicacidderivativeofFormula(XI)asshowninScheme 

5.AnamineofgeneralformulaR 9 -NH2canbeintroducedontheacidofacompoundof 

Formula(XI)usingamidecouplingreactionsknowntothoseskilledintheart.Forexample, 

EDC/HOBtinthepresenceofabase(suchasdiisopropylethylamine)inasuitablesolvent 

(forexampleDMF)toaffordacompoundofFormula(XII).Thereactionofacompoundof 

Formula(XII)withapyrazolesubstitutedbyaR 8 groupinpresenceof1,10-phenanthroline 

Culandabase(suchassodiumethoxide)inasuitablesolvent(suchasDMF)inthepresence 

compoundofFormula(XIII)byhydrogenationinthepresenceofasuitablecatalystsuchas 

Pd/Cinasuitablesolvent(suchasmethanol)followedbytheintroductionofaBoc 

protectinggroupusingconditionsknownintheart(forexamplereactionwithBoc2Oin 

presenceofTEAinDCM)canprovideacompoundofFormula(II)inwhichR 2 'R4 andR6 

areeachhydrogen.  

[0107] Alternativelythereductionofthepyridylmoietyofacompoundof 

Formula(XIII)canbeachievedinseveralsteps. ForexampleacompoundofFormula 

(XIII)canbealkylatedwith3,4-dimethoxybenzylbromideinasuitablesolvent(suchas 

acetonitrile)toaffordapyridiniumintermediatethatcanbeisolatedandthenreducedwith 

sodiumtriacetoxyborohydrideinasuitablesolvent(suchas1,2-dichloroethane). The 

dimethoxybenzylgroupcanbecleavedusingproceduresknowntothoseskilledintheart.  
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Exemplaryproceduresincludeusingchioroethyichioroforniateinasuitablesolvent(suchas 

1,2-dichloroethane)followedbyatreatmentwithmethanol.  

Pharmaceutical Compositions 

[0108] Some embodiments described herein relate to a pharmaceutical 

compositionthatcanincludeaneffectiveamountofacompounddescribedherein(e.g.,a 

compound orapharmaceuticallyacceptablesaltthereofasdescribedherein)anda 

pharmaceuticallyacceptablecarrierexcipientorcombinationthereof Apharmaceutical 

compositiondescribedhereinissuitableforhumanand/orveterinaryapplications.  

[0109] Asusedherein a carrier"referstoacompoundthatfacilitatesthe 

incorporationofacompoundintocellsortissues.Forexamplewithoutlimitationdimethyl 

sulfoxide(DMSO)isacommonlyutilizedcarrierthatfacilitatestheuptakeofmanyorganic 

compoundsintocellsortissuesofasubject.  

[0110] Asusedhereina"diluent"referstoaningredientinapharmaceutical 

compositionthatlackspharmacologicalactivitybutmaybepharmaceuticallynecessaryor 

desirable.Forexampleadiluentmaybeusedtoincreasethebulkofapotentdrugwhose 

massistoosmallformanufactureand/oradministration. Itmayalsobealiquidforthe 

dissolutionofadrugtobeadministeredbyinjection, ingestionorinhalation. Common 

formofdiluentintheartisabufferedaqueoussolutionsuchaswithoutlimitation 

phosphatebufferedsalinethatmimicsthecompositionofhumanblood.  

apharmaceuticalcompositiontoprovidewithoutlimitation, bulkconsistencystability, 

bindingabilitylubricationdisintegratingabilityetc tothecomposition. A"diluent"isa 

typeofexcipient.  

[0112] Properformulationisdependentupontherouteofadministrationchosen.  

Techniquesforformulationandadministrationofthecompoundsdescribedhereinareknown 

tothoseskilledintheart.Multipletechniquesofadministeringacompoundexistintheart 

includingbutnotlimitedtooralrectaltopicalaerosolinjectionandparenteraldelivery, 

includingintramuscular subcutaneous intravenous intramedullaryinjections intrathecal, 

directintraventricularintraperitonealintranasalandintraocularinjections. Pharmaceutical 

compositionswillgenerallybetailoredtothespecificintendedrouteofadministration.  
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e 

[0113] Onemayalsoadministerthecompoundinalocalratherthansystemic 

mannerforexampleviainjectionofthecompounddirectlyintotheinfectedareaoftenina 

depotorsustainedreleaseformulation.Furthermoreonemayadministerthecompoundina 

targeteddrugdeliverysystemforexampleinaliposoniecoatedwithatissue-specific 

antibody.Theliposomesmaybetargetedtoandtakenupselectivelybytheorgan.  

[0114] Thepharmaceuticalcompositionsdisclosedhereinmaybemanufactured 

inamannerthatisitselfknown e.g., bymeansofconventionalmixingdissolving, 

granulating, dragee-making, levitating, emulsifying, encapsulating, entrappingortableting 

processes. Asdescribedhereincompoundsusedinapharmaceuticalcompositionmaybe 

providedassaltswithpharmaceuticallycompatiblecounterions.  

Methods ofUse 

[0115] SomeembodimentsdescribedhereinrelatetoamethodoftreatingaHBV 

and/orHDVinfectionthatcanincludeadministeringtoasubjectidentifiedassufferingfrom 

theHBVand/orHDVinfectionaneffectiveamountofacompoundorapharmaceutically 

acceptablesaltthereofasdescribedhereinorapharmaceuticalcompositionthatincludesan 

effectiveamountofacompoundorapharmaceuticallyacceptablesaltthereofasdescribed 

herein. Other embodiments describedherein relate to using a compound, or a 

pharmaceuticallyacceptablesaltthereof asdescribedhereininthemanufactureofa 

medicamentfortreatingaHBVand/orHDVinfection. Stillotherembodimentsdescribed 

describedhereinorapharmaceuticalcompositionthatincludes acompoundora 

pharmaceuticallyacceptablesaltthereofasdescribedhereinfortreatingaHBVand/orHDV 

infection.  

[0116] SomeembodimentsdisclosedhereinrelatetoamethodoftreatingaHBV 

and/orHDVinfectionthatcanincludecontactingacellinfectedwiththeHBVand/orHDV 

withaneffectiveamountofacompoundorapharmaceuticallyacceptablesaltthereofas 

describedhereinorapharmaceuticalcompositionthatincludesaneffectiveamountofa 

compound orapharmaceuticallyacceptablesaltthereofasdescribedherein. Other 

embodimentsdescribedhereinrelatetousingacompoundorapharmaceuticallyacceptable 

saltthereofasdescribedhereininthemanufactureofamedicamentfortreatingaHBV 
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and/orHDVinfection. Stillotherembodimentsdescribedhereinrelatetotheuseofa 

compound orapharmaceuticallyacceptablesaltthereofasdescribedhereindescribed 

hereinorapharmaceuticalcompositionthatincludesaneffectiveamountofacompoundor 

apharmaceuticallyacceptablesaltthereofasdescribedhereinfortreatingaHBVand/or 

HDVinfection.  

[0117] Someembodimentsdisclosedhereinrelatetoamethodofinhibiting 

replicationofHBVand/orHDVthatcanincludecontactingacellinfectedwiththeHBV 

and/orHDVwithaneffectiveamountofacompoundorapharmaceuticallyacceptablesalt 

thereofasdescribedhereinorapharmaceuticalcompositionthatincludesaneffective 

amountofacompoundorapharmaceuticallyacceptablesaltthereofasdescribedherein.  

Otherembodimentsdescribedhereinrelatetousingacompoundorapharmaceutically 

acceptablesaltthereofasdescribedhereininthemanufactureofamedicamentforinhibiting 

replicationofHBVand/orHDV.Stillotherembodimentsdescribedhereinrelatetotheuse 

ofacompoundorapharmaceuticallyacceptablesaltthereofasdescribedhereinora 

pharmaceuticalcompositionthatincludesaneffectiveamountofacompoundora 

pharmaceuticallyacceptablesaltthereofasdescribedhereinforinhibitingreplicationof 

HBVand/orHDV.  

[0118] InsomeembodimentstheHBVinfectioncanbeanacuteHBVinfection.  

InsomeembodimentstheHBVinfectioncanbeachronicHBVinfection.  

[0119] Someembodimentsdisclosedhereinrelatetoamethodoftreatingliver 

administeringtoasubjectsufferingfromlivercirrhosisand/orcontactingacellinfectedwith 

theHBVand/orHDVinasubjectsufferingfromlivercirrhosiswithaneffectiveamountofa 

compound orapharmaceuticallyacceptablesaltthereof, asdescribedherein ora 

pharmaceuticalcompositionthatincludesaneffectiveamountofacompoundora 
e 

pharmaceuticallyacceptablesaltthereofasdescribedherein.Otherembodimentsdescribed 

hereinrelatetousingacompoundorapharmaceuticallyacceptablesaltthereofasdescribed 

hereininthemanufactureofamedicamentfortreatinglivercirrhosiswithaneffective 

amountofthecompound orapharmaceuticallyacceptablesaltthereof Stillother 

embodimentsdescribedhereinrelatetotheuseofacompoundorapharmaceutically 

acceptablesaltthereofasdescribedhereinorapharmaceuticalcompositionthatincludesan 
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effectiveamountofacompoundorapharmaceuticallyacceptablesaltthereofasdescribed 

hereinfortreatinglivercirrhosis.  

[0120] Someembodimentsdisclosedhereinrelatetoamethodoftreatingliver 

cancer(suchashepatocellularcarcinoma)thatisdevelopedbecauseofaHBVand/orHDV 

infectionthatcanincludeadministeringtoasubjectsufferingfromthelivercancerand/or 

contactingacellinfectedwiththeHBVand/orHDVinasubjectsufferingfromtheliver 

cancerwithaneffectiveamountofacompoundorapharmaceuticallyacceptablesalt 

thereofasdescribedhereinorapharmaceuticalcompositionthatincludesaneffective 

amountofacompoundorapharmaceuticallyacceptablesaltthereofasdescribedherein.  

Otherembodimentsdescribedhereinrelatetousingacompoundorapharmaceutically 

acceptablesaltthereofasdescribedhereininthemanufactureofamedicamentfortreating 

livercancer(suchashepatocellularcarcinoma). Stillotherembodimentsdescribedherein 

relatetotheuseofacompoundorapharmaceuticallyacceptablesaltthereofasdescribed 

hereinorapharmaceuticalcompositionthatincludesaneffectiveamountofacompoundor 

apharmaceuticallyacceptablesaltthereofasdescribedhereinfortreatinglivercancer(such 

ashepatocellularcarcinoma).  

[0121] Someembodimentsdisclosedhereinrelatetoamethodoftreatingliver 

failurethatisdevelopedbecauseofaHBVand/orHDVinfectionthatcaninclude 

administeringtoasubjectsufferingfromliverfailureand/orcontactingacellinfectedwith 

theHBVand/orHDVinasubjectsufferingfromliverfailurewithaneffectiveamountofa 

pharmaceuticalcompositionthatincludesaneffectiveamountofacompoundora 

pharmaceuticallyacceptablesaltthereofasdescribedherein.Otherembodimentsdescribed 

hereinrelatetousingacompoundorapharmaceuticallyacceptablesaltthereofasdescribed 

hereininthemanufactureofamedicamentfortreatingliverfailure.Stillotherembodiments 

describedhereinrelatetotheuseofacompoundorapharmaceuticallyacceptablesalt 

thereofasdescribedherein orapharmaceuticalcompositionthatincludesaneffective 

amountofacompoundorapharmaceuticallyacceptablesaltthereofasdescribedhereinfor 

treatingliverfailure.  

[0122] Variousindicatorsfordeterminingtheeffectivenessofamethodfor 

treatinganHBVand/orHDVinfectionarealsoknowntothoseskilledintheart.Examples 
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ofsuitableindicatorsincludebutarenotlimitedtoareductioninviralloadindicatedby 

reductioninHBVDNA(orload)(e.g.,reduction<io 5copies/niLinserum),HBVsurface 

antigen(HBsAg)andHBVe-antigen(HBeAg),areductioninplasmaviralloadareduction 

inviralreplication areductionintimetoseroconversion(virusundetectableinpatient 

serum),anincreaseintherateofsustainedviralresponsetotherapyanimprovementin 

hepaticfunctionand/orareductionofmorbidityormortalityinclinicaloutcomes.  

[0123] Asusedhereintheterms"treat" "treating,""treatment" "therapeutic" 

and"therapy"donotnecessarilymeantotalcureorabolitionofthediseaseorcondition.Any 

alleviationofanyundesiredsignsorsymptomsofadiseaseorconditiontoanyextentcanbe 

consideredtreatmentand/ortherapy. Furthermoretreatmentmayincludeactsthatmay 

worsenthesubject'soverallfeelingofwell-beingorappearance.  

[0124] Asusedherein a subject"referstoananimalthatistheobjectof 

treatment, observation experiment. "Animal" includescold- andwarm-blooded 

vertebratesandinvertebratessuchasfishshellfishreptilesandinparticularmammals.  

"Mammal"includeswithoutlimitation, mice, ratsrabbitsguineapigsdogscatssheep, 

goats, cowshorsesprimatessuchasmonkeyschimpanzeesandapesandinparticular 

humans.Insomeembodimentsthesubjectishuman.  
'' 

[0125] Theterm"effectiveamount isusedtoindicateanamountofanactive 
compound orpharmaceuticalagentthatelicitsthebiologicalormedicinalresponse 

indicated. Forexampleaneffectiveamountofcompoundcanbetheamountneededto 

treated. Thisresponsemayoccurinatissue, system animalorhumanandincludes 

alleviationofthesignsorsymptomsofthediseasebeingtreated.Determinationofan 

effectiveamountiswellwithinthecapabilityofthoseskilledintheartinviewofthe 

disclosureprovidedherein.Theeffectiveamountofthecompoundsdisclosedhereinrequired 

asadosewilldependontherouteofadministrationthetypeofanimalincludinghuman 

beingtreatedandthephysicalcharacteristicsofthespecificanimalunderconsideration.  

Thedosecanbetailoredtoachieveadesiredeffectbutwilldependonsuchfactorsas 

weightdietconcurrentmedicationandotherfactorswhichthoseskilledinthemedicalarts 

willrecognize.  
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alleviateoramelioratesymptomsofdiseaseorprolongthesurvivalofthesubjectbeing
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[0126] Insomeembodiments, aneffectiveamountofacompoundora 

pharmaceuticallyacceptablesaltthereofasdescribedhereinisanamountthatiseffectiveto 

achieveasustainedvirologicresponseforexampleasustainedviralresponse12month 

aftercompletionoftreatment.  

[0127] SubjectswhoareclinicallydiagnosedwithaHBVand/orHDVinfection 

include"nafve subjects(e.g.,subjectsnotpreviouslytreatedforHBVand/orHDV)and 

subjectswhohavefailedpriortreatmentforHBVand/orHDV("treatmentfailuresubjects).  

Treatmentfailuresubjectsinclude non-responders"(subjectswhodidnotachievesufficient 

reductioninALT(alanineaminotransferase)levelsforexamplesubjectwhofailedto 

achievemorethan1log10decreasefrombase-linewithin6monthsofstartingananti-HBV 

and/oranti-HDVtherapy)and"relapsers' (subjectswhowerepreviouslytreatedforHBV 

and/orHDVwhoseALTlevelshaveincreasedforexampleALT>twicetheuppernormal 

limitanddetectableserumHBVDNAbyhybridizationassays). Furtherexamplesof 

subjectsincludesubjectswithaHBVand/orHDVinfectionwhoareasymptomatic.  

[0128] Insomeembodimentsacompoundorapharmaceuticallyacceptablesalt 

thereofasdescribedhereincanbeprovidedtoatreatmentfailuresubjectsufferingfrom 

HBVand/orHDV.Insomeembodimentsacompoundorapharmaceuticallyacceptablesalt 

thereofasdescribedhereincanbeprovidedtoanon-respondersubjectsufferingfromHBV 

and/orHDV. Insomeembodimentsacompoundorapharmaceuticallyacceptablesalt 

thereofasdescribedhereincanbeprovidedtoarelapsersubjectsufferingfromHBVand/or 

someembodimentsthesubjectcanhaveHBeAgnegativechronichepatitisB. Income 

embodimentsthesubjectcanhavelivercirrhosis.Insomeembodimentsthesubjectcanbe 

asymptomaticforexamplethesubjectcanbeinfectedwithHBVand/orHDVbutdoesnot 

exhibitanysymptomsoftheviralinfection. Insomeembodimentsthesubjectcanbe 

immunocompromised.Insomeembodimentsthesubjectcanbeundergoingchemotherapy.  

[0129] ExamplesofagentsthathavebeenusedtotreatHBVand/orHDVinclude 

immunomodulatingagents, andnucleosides/nucleotides. Examplesofimmunomodulating 

agentsincludeinterferons(suchasIFN-cx~andpegylatedinterferonsthatincludePEG-IFN-a

2a);andexamplesofnucleosides/nucleotidesincludelamivudine telbivudine adefovir 

dipivoxilclevudineentecavirtenofoviralafenamideandtenofovirdisoproxil. However 
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HDV.InsomeembodimentsthesubjectcanhaveHBeAgpositivechronichepatitisB.In
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someofthedrawbacksassociatedwithinterferontreatmentaretheadversesideeffectsthe 

needforsubcutaneousadministrationandhighcost.Potentialadvantagesofacompoundof 

Formula(I),orapharmaceuticallyacceptablesaltofanyoftheforegoingcanbeless 

adversesideeffectsdelayintheonsetofanadversesideeffectand/orreductioninthe 

severityofanadversesideeffect.Adrawbackwithnucleoside/nucleotidetreatmentcanbe 

thedevelopmentofresistanceincludingcross-resistance.  

[0130] Resistancecanbeacausefortreatmentfailure.Thetermresistance"as 

usedhereinreferstoaviralstraindisplayingadelayedlessenedand/ornullresponsetoan 

anti-viralagent.Insomeembodimentsacompoundorapharmaceuticallyacceptablesalt 

thereofasdescribedhereincanbeprovidedtoasubjectinfectedwithanHBVand/orHDV 

strainthatisresistanttooneormoreanti-HBVand/oranti-HDVagents.Examplesofanti

viralagentswhereinresistancecandevelopincludelamivudine telbivudine adefovir 

dipivoxflclevudineentecavirtenofoviralafenamideandtenofovirdisoproxil. Income 

embodimentsdevelopmentofresistantHBVand/orHDVstrainsisdelayedwhenasubject 

istreatedwithacompoundorapharmaceuticallyacceptablesaltthereofasdescribedherein 

comparedtothedevelopmentofHBVand/orHDVstrainsresistanttootherHBVand/or 

HDVanti-viralagentssuchasthosedescribed.  

Combination Therapies 

[0131] Insomeembodimentsacompoundorapharmaceuticallyacceptablesalt 

fortreatingand/orinhibitingreplicationHBVand/orHDV.Additionalagentsincludebut 

arenotlimitedto aninterferon nucleoside/nucleotideanalogsasequencespecific 
I 

oligonucleotide(suchasanti-senseoligonucleotideandsiRNA),nucleicacidpolymers 

(NAPs suchasnucleicacidpolymersthatreduceHBsAglevelsincludingSTOPSIM 

compounds),anentryinhibitorand/orasmallmoleculeimmunomodulator. Examplesof 

additional agents include recombinant interferon alpha 2b, IFN-c, PEG-IFN-u-2a 

lamivudine telbivudine adefovirdipivoxiiclevudine entecavirtenofovira~afenamide 

andtenofovirdisoproxil.ExamplesofNAPsincludebutarenotlimitedtoREP2139,REP 

2165andthosedescribedinWO2020/097342andUS2020/0147124,whichishereby 
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thereofasdescribedhereincanbeusedincombinationwithoneormoreadditionalagent(s)
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incorporatedbyreferenceforthepurposeoftheSTOPSIMcompoundsprovidedthereinsuch 

asmodifiedoligonucleotidesidentifiedasNos.1-392.  

[0132] Insomeembodimentsacompoundorapharmaceuticallyacceptablesalt 

thereofasdescribedhereincanbeadministeredwithoneormoreadditionalagent(s) 

togetherinasinglepharmaceuticalcomposition.Insomeembodimentsacompoundora 

pharmaceuticallyacceptablesaltthereofcanbeadministeredwithoneormoreadditional 

agent(s)astwoormoreseparatepharmaceuticalcompositions. Further theorderof 

administrationofacompoundorapharmaceuticallyacceptablesaltthereofasdescribed 

hereinwithoneormoreadditionalagent(s)canvary.  

EXAMPLES 

[0133] Additionalembodimentsaredisclosedinfurtherdetailinthefollowing 

exampleswhicharenotinanywayintendedtolimitthescopeoftheclaims.  

Example 
4-II5-benzyl-12-[4-bromo-3-(trifluoromethyl)benzoyl]- 8-oxo-2,3,7,12

tetrazatricycloL7.4.O.0A2,6]trideca-1(9),3,5-trien-7-yl]-N-methyl-benzamide(4) 

N 00 
br ~ II PMBNHNHHCI H2N 

t-BuOKTHE EtOH/water N~N 
rt2.5h 850 C1 3h 

OH H N H 
TFA N 

)m F 0 N~N 500 03h 
HATUDIEA 'I I I U N 

DMFrt1 lGh PMB N 
H 

0 0 

0s2 003 , DMF IC H2 ,Pd/C 
EtOH,40~'C,24h 

ioo~' 16h 2. Boc2O ~L Boc I 

N 
300 0,16h 
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CONHMe 

HOB 
I 

OH 

Cu(OTf)2,PyridineDMF Bo< TEA, DOM 
6O~C2days N rt,3h 

CONHMe CONHMe 

OH 

0 

EDGIHOBtDIEADMFF 30 

N overnight 0 N 

[0134] Toasolutionof3-phenyipropanitrile(12.0g,91.5mmol,1.00eq.)in 

anhydroustetrahydrofuran(300mL)wasaddedpotassiumtert-butoxide(30.8g,274mmol, 

2.99eq.)at00 CunderN2atmosphere. Themixturewasstirredfor15minsatroom 

temperature(rt).Ethylformate(33.9g,457mmol,5.00eq.)wasaddeddropwisetoabove 

mixtureatrtandthemixturewasstirredfor2.5hatrt.Thereactionwasquenchedwith1.0 

MHCl(1200mL)andextractedwithethylacetate(3x1200mL). Thecombinedorganic 

layerswerewashedwithwater(2x500mL),driedoveranhydroussodiumsulfatefiltered 

andconcentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatographyandelutedwith0-20%ethylacetateinpetroleumethertoafford2-benzyl-3

oxopropanenitrile(13.4g,92%yield)asyellowoil.LCMS(ESImlz):158[M-1].  

and(4-methoxybenzyl)hydrazinehydrochloride(5.32g,28.2mmol,1.40eq.)inethanol(60 

mL)andwater(10mL)wasstirredfor3hat85 0 C.Themixturewasconcentratedunder 

reducedpressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyandeluted 

with0-100%ethylacetateinpetroleumethertoafford4-benzyl-1-(4-methoxybenzyl)-1H

pyrazol-3-amine(2.80g,48%yield)asayellowsolid.LCMS(ESImlz):294[M+H]~.  

[0136] Amixtureof4-benzyl-1-(4-methoxybenzyl)-1H-pyrazol-3-amine(8.80g, 

30.0mmol,1.00eq.),3-fluoroisonicotinicacid(12.7g,90.0mmol,3.00eq.), 

azabenzotriazol-1-yl)-NNN',N'-tetramethyluronium hexafluorophosphate (28.5 g, 75.0 

mmol,2.50eq.)andNN-diisopropylethylamine(19.4g,150mmol,5.00eq.)inanhydrous 

NN-dimethylformamide(100mL)wasstirredfor16hatrt.Themixturewasconcentrated 

underreducedpressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyand 

93 

[0135] Amixtureof2-benzyl-3-oxopropanenitrile(3.20g,20.1mmol,1.00eq.)
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eluted with 0 20% methanol in dichioromethane to afford N-(4-benzyl-1-(4

methoxybenzyl)-1H-pyrazol-3-yl)-3-fluoroisonicotinamide(11.3g,90%yield)asalight 

brownsolid.LCMS(ESInP'z):417[M+H]~.  

[0137] AsuspensionofN-(4-benzyl-1-(4-methoxybenzyl)-1H-pyrazol-3-yl)-3

fluoroisonicotinamide(11.3g27.1mmol,1.00eq.)intrifluoroaceticacid(140niL)was 

stirredfor3hat50 0 C.Themixturewascooledtoambienttemperatureandconcentrated 

underreducedpressure.Theresiduewastrituratedwithdiethyletherandethylacetate(400 

11±,v:v- 3SS 1).Thesolidswerecollectedbyfiltrationwashedwithhexane(100mL)and 

driedtoaffordN-(4-benzyl-1H-pyrazol-3-yl)-3-fluoroisonicotinamide(7.10g,88%yield)as 

ayellowsolid.LCMS(ESImlz):297[M+H]~.  
S 

[0138] AmixtureofN-(4-benzyl-1H-pyrazol-3-yl)-3-fluoroisonicotinamide(7.10 

g,24.0mmol,1.00eq.)andcesiumcarbonate(28.2g,86.5mmol,3.60eq.)inanhydrous 

NN-dimethylformamide(150mL)wasstinedfor16hat100 0 C.Themixturewascooled 

toambienttemperatureandthesolidswerefilteredoff Thefiltercakewaswashedwith 

ethylacetate(2x50mL).Thecombinedfiltratewasconcentratedunderreducedpressure.  

Theresiduewaspurifiedbysilicagelcolumnchromatographyandelutedwith0-20% 

methanol in dichloromethane to afford 3-benzylpyrazoloII1,5- a]pyrido[4,3-e]pyrimidin

5(4H)-one(5.99g,90%yield)asalightorangesolid.LCMS(ESImlz):277[M+H]~.  

[0139] Toasuspensionof3-benzylpyrazolo[1,5-a]pyrido[4,3-e]pyrimidin-5(4H)

one(5.99g,21.7mmol,1.00eq.)inethanol(500mL)wasadded10%palladiumcarbon 

dicarbonate(9.47g,43.4mmol,2.00eq.)wasaddedtothemixture.Themixturewasstined 

for16hat30 0 C.Thesolidswerefilteredoffandthefiltercakewaswashedwithmethanol 

(3x100mL).Thecombinedfiltratewasconcentratedunderreducedpressure.Theresidue 

waspurifiedbysilicagelcolumnchromatographyandelutedwith0-100%ethylacetatein 

petroleum ether to afford tert-butyl 3-benzyl-5-oxo-5,6,7,9- tetrahydropyrazolo1,5

a]pyridoL4,3-e]pyrimidine-S(4H)-carboxylate(2.55g,31%yield)asalightyellowsolid.  

LCMS(ESImlz):381LM+H]~.  

[0140] A mixture of tert-butyl 5-benzyl-8-oxo-2,3,7,12

tetraazatricyclo~7.4.O.OA~2,6]]trideca~1(9),3,5-triene-12-carboxylate(600mg, 1.58mmol, 

1.00eq.),4-(methylcarbamoyl)phenylboronicacid(423mg,2.37mmol,1.50eq.),copper(II) 
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(6.00g). Themixturewasstinedfor24hat40 0 CunderH2 (3atm). Di-tertbutyl
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trifluorornethanesulfonate(570ing,1.58nrniol,1.00eq.),pyridine(374ing,4.73mniol,3.00 

eq.)andNN-dimethylfornianiide(10mL)wasstirredfor2daysat60 0 Cunderoxygen 

atmosphere. Thereactionwasquenchedwithwater(50niL). Themixturewasextracted 

withethylacetate(3x40mL).Theorganiclayerswerecombinedwashedwithbrine(3x 

10mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure.TheresiduewaspurifiedbyPrep-TLC(silicapetroleumether:ethylacetate 1:1) 

to afford tert-butyl 5-benzyl-7-[4-(methylcarbamoyl)phenyl]- 8-oxo-2,3,7,12

tetraazatricyclo[7.4.0.0A[2,6]]trideca~1(9),3,5~triene~12~carboxylate(408mg,50%yield)asa 

lightbrownsolid.LCMS(ESImlz):514[M+H]~.  

[0141] A100mLround-bottomflaskwerechargedwithtert-butyl5-benzyl-7-[4

(methylcarbamoyl)phenyl]- 8-oxo-2,3,7,12-tetraazatricyclo[7.4.0.OA[2,6]]trideca-1(9),3,5

triene-12-carboxylate(400mg,0.779mmol,1.00eq.),trifluoroaceticacid(2mL)and 

dichloromethane(10mL)atrt.Themixturewasstinedfor3hatrtandthenconcentrated 

under reduced pressure to afford 4-[5-benzyl-8-oxo-2,3,7,12

tetraazatricyclo[7.4.0.GA[2,6]]trideca-1(9),3,5-trien-7-yl]-N-methylbenzamide (420 mg, 

crude)asaredoil.LCMS(ESImlz):414[M+H]~.  

[0142] A40mLround-bottomflaskwerechargedwith4-[5-benzyl-8-oxo

2,3,7,12-tetraazatricyclo[7.4.0.OA[2,6]]trideca-1(9),3,5-trien-7-yl]-N-methylbenzamide 

trifluoroaceticacidsalt(140mg,0.339mmol,1.00eq.),4-bromo-3-(trifluoromethyl)benzoic 

acid(109mg,0.407mmol,1.20eq.),N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide 

NN-diisopropylethylamine(131mg,1.02mmol,3.00eq.)andNN-dimethylformamide 

(2.00mL)atrt.Themixturewasstinedforovernightatrt.Thereactionwasquenchedwith 

water(10mL),andthemixturewasextractedwithethylacetate(3x30mL).Theorganic 

layerswerecombinedwashedwithbrine(3x30mL),driedoveranhydroussodiumsulfate 

filteredandconcentratedunderreducedpressure.ThecrudeproductwaspurifiedbyPrep

HPLCwiththefollowingconditions:Column:XBridgeShieldRP1SOBDColumn,30x150 

mm,5gin'MobilePhase S water(10mmolILNH4HCO3+0.1%NH3.H20),MobilePhaseB: 

ACN;Flowrate:60mL/min'Gradient:39%Bto59%Bin7mm toafford4-[5-benzyl-12

[4-bromo-3-(trifluoromethyl)benzoyl]- S-oxo-2,3,7,12-tetraazatricyclo[7.4.0.GA[2,6]]trideca

1(9),3,5-trien-7-yl]-N-methylbenzamide(83.8mg,37%yield)asawhitesolid.LCMS(ESI, 
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(97.4mg,0.509mmol,1.50eq.),1-hydroxybenzotriazole(68.6mg,0.509mmol,1.50eq.),
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mlz): 664[M+H]~. 1 HNMR(400MHzCDC1 3 )67.85-7.82(ni,2H),7.75-7.73(ni,2H), 

7.53-7.33(in,2H),7.22(dJ 4.2Hz2H),7.21-7.12(in,3H),6.68(s,2H),6.17(dJ 2.4 

Hz,1H),5.17-4.87(ni,2H),4.05-3.72(in,2H),3.07-3.03(in,5H),2.74(s,2H).  

Exainpie2 
5-benzyl-12-(4-broino-3-chloro-benzoyl)-7-14-(4-inethyl-1,2,4-triazol-3-yl)phenyl]-2,3,7,12

tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-8-one(9) 

I 
cx 

0 NN BI ImDMFDMADMF Q 

1300C,2h N 
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[0143] Amixtureof4-bromobenzohydrazide(2.00g,9.30mmol,1.00eq.)and 

NN-dimethylformamide diniethyl acetal (1.33 g, 11.2 mniol, 1.20 eq.) and NN

dimethylformamide(2mL)washeatedinamicrowavereactorat130 0 Cfor2h. The 

mixturewascooledtoitmethylamine(3.50g,37.2mmol,4.00eq.,33%inwater)was 

addedfollowedbytheadditionofaceticacid(3.35g,55.8mmol,6.00eq.).Themixturewas 

heatedinamicrowavereactorat130 0 Cfor2handdilutedwithwater(50mL). ThepH 

valueofthemixturewasadjustedto>7withNaOH(2Maq.).Themixturewasextracted 

withethylacetate(3x200mL). Thecombinedwaterlayerswereextractedwith 

dichloromethane:methanol(10:1)(3x200mL),driedoveranhydroussodiumsulfatefiltered 

andconcentratedunderreducedpressuretoafford3-(4-bromophenyl)-4-methyl-1,2,4

triazole(2.42gcrude)asayellowsolid.LCMS(ESIm/z):238[M+H]~.  

[0144] A100mLround-bottomflaskwerechargedwith3-(4-bromophenyl)-4

methyl-1,2,4-triazole(2.30g,9.66mmol,1.00eq.),2-(5,5-dimethyl-1,3,2-dioxaborinan-2

yl)-5,5-dimethyl-1,3,2-dioxaborinane (4.36 g, 19.3 mmol 2.00 eq.), 

dichlorobis(triphenylphosphine)palladium(0.680g,0.966mmol,0.10eq.),potassiumacetate 

(2.84g,28.9mmol,3.00eq.)anddimethylsulfoxide(10mL)atrt.Themixturewasstined 

forovernightat60 0 CunderN2atmosphereandthereactionquenchedwithwater(50mL).  

Themixturewasextractedwithethylacetate(3x300mL). Theorganiclayerswere 

combinedwashedwithbrine(3x100mL),driedoveranhydroussodiumsulfatefiltered 

andconcentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

product. ThecrudeproductwaspurifiedbyPrep-HPLCwiththefollowingconditions: 

Column:XSelectCSHFluoroPhenyl,30mmx150mm,5kin;MobilePhaseA:Water(50 

mmol/LTFA),MobilePhaseB:ACN;Flowrate:60 , Gradient:3%Bto15%Bin 

10mm toafford4-(4-methyl-1,2,4-triazol-3-yl)phenylboronicacid(180mg,9%yield)as 

brownoil.LCMS(ESIm/z):204LM+H]~.  

[0145] A100mLround-bottomflaskwerechargedwithtert-butyl5-benzyl-8

oxo-2,3,7,12~tetraazatricyclo~7.4.O.OA{2,6}]trideca-1(9),3,5-triene-12-carboxylate(220mg, 

0.578mmol,1.00eq.),4-(4-methyl-1,2,4-triazol-3-yl)phenylboronicacid(176mg,0.867 

mmol,1.50eq.),cupricacetate(105mg,0.578mmol,1.00eq.),pyridine(137mg,1.73 

mmol,3.00eq.)andNN-dimethylformamide(10mL)atrt. Themixturewasstirredfor 

97 

chromatographyandelutedwithdichloromethane:methanol(10:1)toaffordthecrude
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overnightat60 0 Cunderoxygenatmosphereandthereactionwasquenchedwithwater(50 

mL).Themixturewasextractedwithethylacetate(3x100mL).Theorganiclayerswere 

combinedwashedwithbrine(3x100mL),driedoveranhydroussodiumsulfatefiltered 

andconcentratedunderreducedpressure. TheresiduewaspurifiedbyPrep-TLC(silica 

dichloromethane:methanol 101)toaffordthecrudeproduct. Thecrudeproductwas 

purifiedbyPrep-HPLCwiththefollowingconditions:Column:XBridgePrepOBDC18 

Column,30mmx150mm,5gin;MobilePhaseA:Water(50mmolILNH4HCO3),Mobile 

PhaseB:ACN;Flowrate:25 , Gradient:40%Bto60%Bin9mm toaffordtert

butyl 5-benzyl-7- [4-(4-methyl-1,2,4-triazol-3-yl)phenyl]-8-oxo-2,3,7,12

tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5-triene-12-carboxylate(30mg,10%yield)as 

anoff-whitesolid.LCMS(ESIm/z):538[M+H]~.  

[0146] A20mLvialwerechargedwithtert-butyl5-benzyl-7-[4-(4-methyl-1,2,4

triazol-3-yl)phenyl]-S-oxo-2,3,7,12-tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5-triene-12

carboxylate (30.0 mg, 0.0560 mmol, 1.00 eq.),trifluoroacetic acid (1 mL) and 

dichloromethane(5mL)atrt.Themixturewasstinedfor1hatrtandconcentratedunder 

reduced pressure to afford 5-benzyl-7-[4-(4-methyl-1,2,4-triazol-3-yl)phenyl]-2,3,7,12

tetraazatricyclo[7.4.0.0A{2,6I]trideca~1(9),3,5~trien~8~one(24.0mgcrude)asalightyellow 

solid.LCMS(ESIm/z):438[M+H]~.  

[0147] A40mLvialwerechargedwith5-benzyl-7-[4-(4-methyl-1,2,4-triazol-3

yl)phenyl]-2,3,7,12~tetraazatricyclo[7.4.0.0A{2,61]trideca-1(9),3,5-trien-8-one (24.0 mg, 

(3-dimethylaminopropyl)-1-ethylcarbodiimidehydrochloride(13.7mg,0.0720mmol,1.30 

eq.),1-hydroxybenzotriazole(9.64mg,0.0720mmol,1.30eq.),NN-diisopropylethylamine 

(42.5mg,0.330mmol,6.00eq.)andNN-dimethylformamide(5mL)atrt.Themixturewas 

stirredforovernightatrtanddilutedwithethylacetate(200mL).Themixturewaswashed 

withwater(3x20mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunder 

reducedpressure.TheresiduewaspurifiedbyPrep-TLC(silicadichloromethane:methanol 

- OS1)toaffordthecrudeproduct.ThecrudeproductwaspurifiedbyPrep-HPLCwiththe 

followingconditions:Column:KinetexEVOprepCis,30x150mm,5 S MobilePhaseA: 

Water(50mmol/LNH4HCO3),MobilePhaseB:ACN;Flowrate:60 S 

34%Bto54%Bin7mmtoafford5-benzyl-12-(4-bromo-3-chlorobenzoyl)-7-L4-(4-methyl
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0.0550mmol,1.00eq.),4-bromo-3-chlorobenzoicacid(16.8mg,0.0720mmol,1.30eq.),3-
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1,2,4-triazol-3-yl)phenyl]-2,3,7,12-tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-trien-8-one 

(9.40ing,26%yield)asanoff-whitesolid.LCMS(ESIm/z):654[M+H]~. 1 HNMR(400 

MHzDMSO-d 6 )38.62(s,1H),7.92(dJ 7.4Hz1H),7.78(dJ 8.3Hz3H),7.68(s, 

1H),7.46(s,3H),7.11(s,3H),7.75(s,2H),5.01(s,1H),4.80(s,1H),3.90(s,1H),3.76(s, 

3H),3.63(s,1H),3.10(s,2H),2.60-2.50(s,2H).  

Example 

4-12-(4-bromo-3-chloro-benzoyl)-5-(cyclopentylmethyl)-8-oxo-2,3,7,12
tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]-N-methyl-benzamide(11) 

OH 
HN Br DHPTFA Br ~THRq.N 

nBuLiTHE 'I 

800 Covernight N -780 Ctort,1h 

Et3SiH, TFAHN 
~t 

DCE 
overnight 

0 CONHMe H2N CONHMe o 

EDOIHOBtDIEA H CulEtONaDMF 
DMFrtovernight iio~covernight 

OH 
Pd/C, H2  CI 
EAAcOH 0 

600Covernight EDCIHOBtDIEADMF 
N overnight 

CONHMe 

CI 
0 N 

[0148] A mixture of 4-bromopyrazole (7.00 g, 47.6 mmol, 1.00 eq.), 

dihydropyran(6.01g,71.4mmol,1.50eq.)and2,2,2-trifluoroaceticacid(0.271g,2.38 

99 

CONHMe
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mnlol,0.05eq.)wasstirredforovernightat80 0 C. Themixturewasdilutedwithethyl 

acetate(200mL),washedwithsat.sodiumbicarbonate(3x20mL)andsat.sodiumchloride 

(1x20mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure. Theresiduewaspurifiedbysilicagelcolumnchromatographyandelutedwith 

dichloromethane:petroleumether(9:1)toafford4-bromo-1-(oxan-2-yl)pyrazole(9.30g,84% 

yield)aslightyellowoil.LCMS(ESImlz):231LM+H]~.  

[0149] Amixtureof4-bromo-1-(oxan-2-yl)pyrazole(2.30g,9.95mmol,1.00 

eq.)andtetrahydrofuran(30mL)underN2wasaddedn-butyllithium(7.96mL,19.9mmol, 

2.00eq.,2.5Minhexane)at-78 0 C. Themixturewasstirredfor0.5hat-78 0 Cand 

cyclopentanecarboxaldehyde(1.95g,19.9mmol,2.00eq.)intetrahydrofuran(2mL)was 

addedat-78 0 C.Themixturewasallowedtowarmtortandthenstirredfor1hatrt.The 

reactionwasquenchedwithsat.ammoniumchloride(100mLaq.)at0 0 Candthenextracted 

withethylacetate(3x100mL).Thecombinedorganiclayersweredriedoveranhydrous 

sodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewaspurified 

bysilicagelcolumnchromatographyandelutedwithpetroleumether:ethylacetate(1:5)to 

affordcyclopentylL1-(oxan-2-yl)pyrazol-4-yl]methanol(1.05g,42%yield)asyellowoil.  

LCMS(ESIm/z):251LM+H]~.  

[0150] AmixtureofcyclopentylL1-(oxan-2-yl)pyrazol-4-yl]methanol(1.00 

3.99mmol,1.00eq.),triethylsilane(6.97g,59.9mmol,15.00eq.),trifluoroaceticacid(13.6 

atmosphere.Themixturewasdilutedwithethylacetate(80mL)andwashedwithwater(3x 

30mL).Thecombinedorganiclayersweredriedoveranhydroussodiumsulfatefilteredand 

concentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatography and eluted with ethyl acetate:petroleum ether (5:1)to afford 4

(cyclopentylmethyl)-1H-pyrazole(0.809gcrude)asanoff-whitesolid.LCMS(ESIm/z): 

151[M+H]~.  

[0151] Toastirredmixtureof3-bromopyridine-4-carboxylicacid(20.0g,99.0 

mmol,1.00eq.),N-(3-dimethylaminopropyl)-N'-ethylcarbodiimidehydrochloride(22.7g, 

118mmol 1.20eq.)and1-hydroxybenzotriazole(16.0g,118mmol,1.20eq.)inNN

dimethylformamide(300mL)wasaddedNN-diisopropylethylamine(38.3g,297mmol, 

3.00eq.)and4-amino-N-methylbenzamide(14.8g,99.0mmol,1.00eq.)inportions. The 

100 

g,119mmol,30.00eq.)and1,2-dichloroethane(15mL)wasstirredovernightatrtunderN2
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mixturewasstirredforovernightatrtandthereactionwasquenchedwithwater(1L).The 

mixturewasextractedwithethylacetate(3x500mL).Theorganiclayerswerecombined, 

washedwithbrine(3x500mL),driedoveranhydroussodiumsulfatefilteredand 

concentratedunderreducedpressure.Theresiduewastrituratedwithethylacetate(20mL).  

Thesolidswerecollectedbyfiltrationwashedwithhexane(100mL)anddriedtoafford3

bromo-N-[4-(methylcarbamoyl)phenyl]pyridine-4-carboxamide(6.30g,19%yield)asan 

off-whitesolid.LCMS(ESIm/z):334[M+H]~.  

[0152] A mixture of 3-bromo-n-[4-(methylcarbamoyl)phenyl]pyridine-4

carboxamide(1.20g,3.59mmol,1.00eq.),4-(cyclopentylmethyl)-1H-pyrazole(593mg, 

3.95mmol,1.10eq.),1,10-phenanthroline(194mg,1.07mmol,0.30eq.),cuprousiodide 

(205mg,1.07mmol,0.30eq.),sodiumethoxide(1.22g,17.9mmol,5.00eq.)andNN

dimethylformamide(60mL)wasstinedforovernightat110 0 Cunderoxygenatmosphere.  

Themixturewasdilutedwithethylacetate(120mL)andwashedwithwater(3x60mL).  

Theorganiclayerwasdriedoveranhydroussodiumsulfatefilteredandconcentratedunder 

reducedpressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyandeluted 

withpetroleumether:ethylacetate(1:3)toafford4-[5-(cyclopentylmethyl)-8-oxo-2,3,7,12

tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5,10,12-pentaen-7-yl]-N-methylbenzamide(525 

mg,36%yield)asalightyellowsolid.LCMS(ESIm/z):402[M+H]~.  

[0153] A mixture of 4-[5-(cyclopentylmethyl)-8-oxo-2,3,7,12

tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5,10,12-pentaen-7-yl]-N-methylbenzamide(475 

wasstinedforovernightat60 0 CunderH2 atmosphere(3atm).Thesolidswerefilteredoff, 

andthefiltratewasdilutedwithwater(20mL).ThepHvalueofthemixturewasadjustedto 

8-9withsat.sodiumcarbonate(aq.).Themixturewasextractedwithethylacetate(3x50 

mL).Thecombinedorganiclayersweredriedoveranhydroussodiumsulfatefilteredand 

concentratedunderreducedpressuretoafford4-L5-(cyclopentylmethyl)-S-oxo-2,3,7,12

tetraazatricycloL7.4.0.OA{2,61]trideca-1(9),3,5-trien-7-yl]-N-methylbenzamide (413 mg, 

crude)asalightyellowsolid.LCMS(ESIm/z):406[M+H]~.  

[0154] Toastirredmixtureof4-bromo-3-chlorobenzoicacid(104mg,0.444 
I 

mmol,1.20eq.),N-(3-dimethylaminopropyl)-N'-ethylcarbodiimidehydrochloride(85.1mg, 

0.444mmol,1.20eq.)and1-hydroxybenzotriazole(59.9mg,0.444mmol,1.20eq.)inNN

101 

mg,1.18mmol,1.00eq.),10%Pd/C(100mg),aceticacid(2mL)andethylacetate(10mL)



WO2022/115384 PCT/IiS2021/060366 

dimethylfornianPde (3 mL) was added 4-[5-(cyclopentylniethyl)-8-oxo-2,3,7,12

tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-trien-7-yl]-N-methylbenzamide (150 nig, 

0.370mmol,1.00eq.)andNN-diisopropylethylaniine(143rug,1.11nmiol,3.00eq.).The 

mixturewasstirredovernightatrtandpurifiedbyPrep-HPLCwiththefollowingconditions: 

Column:YMC-ActusTnartC18,30X150mm,5 S MobilePhaseA:Water(10rnrnol/L 

S NH4HCO3+O.1%NH3.H20),MobilePhaseB:ACN;Flowrate:60mL/minGradient:46%B 

to76%Bin7mm)toafford4-[12-(4-bromo-3-chlorobenzoyl)-5-(cyclopentylmethyl)-8-oxo

2,3,7,12~tetraazatricyc1o[7.4.O.OA{2,61]trideca-1(9),3,5-trien-7-yl]-N-niethylbenzaniide(101 

ing,43%yield)asawhitesolid. LCMS(ESIm/z):622[M+H]~. 1 HNMR(300MHz 

DMSO-d6)~57.94(dJ 4.0Hz,2H),7.73(dJ 4.0Hz,1H),7.53(dJ 40a Hz2H),7.41 

(dJ 40Hz2H),7.25(dJ 4.0Hz 1H),6.23(dJ 2.0HziLl),5.13-4.84(in,2H), 

4.01-3.72(in,2H),3.07(dJ 20Hz,3H),2.73(s,2H),1.58(dJ 6.0Hz,3H),1.41(dJ 

20Hz,6H),0.80(dJ 4.0Hz2H).  

Example 
4-[5-(cyclopropylmethyl)- 8-oxo-2,3,7,12-tetraazatricyclo[7.4.0.OA[2,6]]trideca-1(9),3,5-trien

7 -yl]-N-methylbenzainide 

OH 
HN Br DHP, TFA Br____________THR.  

Ii 800 Covernight nBuLiTHE 

J80 Ctort,1h 

14,overnight 

0 0 
H2N GONHMe 

EDGIHOBtDIEA H II0-phenanthroine 
DMF,~ overnight GuiEtONaDMF 

1100 C,2days 

GONHMe CONHMe 

Pd/C, H2, AcOH 

EtOAc 

N 600 C,6h N 

102 

Et3SiHTFA HNN
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[0155] A mixture of 4-bromopyrazole (7.00 g, 47.6 nunol, 1.00 eq.), 

dihydropyran(6.01g,71.4mmol,1.50eq.)and2,2,2-trifluoroaceticacid(0.271g,2.38 

mmol,0.05eq.)wasstirredforovernightat80 0 C. Themixturewasdilutedwithethyl 

acetate(200mL)andwashedwithsat.sodiumbicarbonate(3x20mL)andsat.sodium 

chloride(1x20mL), driedoveranhydroussodiumsulfatefilteredandconcentratedunder 

reducedpressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyandeluted 

withdichloromethane:petroleumether(9:1)toafford4-bromo-1-(oxan-2-yl)pyrazole(9.30g, 

84%yield)aslightyellowoil.LCMS(ESImlz):231[M+H]~.  

[0156] Amixtureof4-bromo-1-(oxan-2-yl)pyrazole(1.00g,4.33mmol,1.00eq.) 

andtetrahydrofuran(5mL)underN2wasaddedn-butyllithium(3.46mL,8.66mmol,2.00 

eq.,2.5Minheaxane)at-78 0 C. Themixturewasstirredfor30mm at-780 CunderN2 

atmosphere. Cyclopropanecarbaldehyde(0.606g,8.66mmol,2.00eq.)intetrahydrofuran 

(0.5mL)wasaddedat-78 0 C.Themixturewasallowedtowarmtortandthemixturewas 

stirredfor1hatrtunderN2atmosphere.Thereactionwasquenchedwithsat.ammonium 

chloride(30mLaq.)at0 0 Candthenextractedwithethylacetate(3x100mL). The 

combinedorganiclayersweredriedoveranhydroussodiumsulfatefilteredandconcentrated 

underreducedpressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyand 

elutedwithpetroleumether:ethylacetate(1:1)toaffordcyclopropyl[1-(oxan-2-yl)pyrazol-4

yl]methanol(670mg,70%yield)ascolorlessoil.LCMS(ESImlz):223[M+H]~.  

[0157] Amixtureofcyclopropyl[1-(oxan-2-yl)pyrazol-4-yl]methanol(400mg, 

eq.)and2,2,2-trifluoroaceticacid(6.15g,54.0mmol,30.0eq.)wasstinedovernightatrt.  

ThemixturewasconcentratedunderreducedpressureandthepHvalueofthemixturewas 

adjustedto8-9withsat.sodiumbicarbonate(aq.). Themixturewasextractedwith 

dichloromethane(3x80mL). Thecombinedorganiclayersweredriedoveranhydrous 

sodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewaspurified 

bysilicagelcolumnchromatographyandelutedwithpetroleumether:ethylacetate(1:1)to 

afford4-(cyclopropylmethyl)-1H-pyrazole(150mg,68%yield)ascolorlessoil. LCMS 

(ESIm/z):123LM+H]~.  

[0158] Toastirredmixtureof3-bromopyridine-4-carboxylicacid(20.0g,99.0 

mmol,1.00eq.),N-(3-dimethylaminopropyl)-N'-ethylcarbodiimidehydrochloride(22.7g, 

103 

1.80nunol,1.00eq.),1,2-dichloroethane(50mL),triethylsilane(314mg,27.0nunol,15.0
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118rurnol 1.20eq.)and1-hydroxybenzotriazole(16.0g,118nrniol,1.20eq.)inNN

dimethylformanPde(300mL)wasaddedNN-diisopropylethylainine(38.3g,297nimol, 

3.00eq.)and4-amino-n-niethylbenzamide(14.8g,99.0niniol,1.00eq.)inportions. The 

mixturewasstirredforovernightatrtandthereactionwasquenchedwithwater(1L).The 

mixturewasextractedwithethylacetate(3x500niL).Theorganiclayerswerecombined, 

washedwithbrine(3x500mL),driedoveranhydroussodiumsulfatefilteredand 

concentratedunderreducedpressure.Theresiduewastrituratedwithethylacetate(20mL) 

andthesolidswerecollectedbyfiltrationwashedwithhexane(100mL)anddriedtoafford 

3-bromo-N-[4-(methylcarbamoyl)phenyl]pyridine-4-carboxamide(6.30g,19%yield)asan 

off-whitesolid.LCMS(ESIm/z):334[M+H]~.  

[0159] A mixture of 3-bromo-N-[4-(methylcarbamoyl)phenyl]pyridine-4

carboxamide(300mg,0.898minol,1.00eq.),4-(cyclopropylmethyl)-1H-pyrazole(142nig, 

1.17minol,1.30eq.),cuprousiodide(51.3mg,0.269mmol,0.30eq.),1,10-phenanthroline 

(48.5nig,0.269mmol,0.30eq.),sodiumethoxide(183nig,2.69mmol,3.00eq.)andNN

dimethylformamide(5mL)wasstinedfor2daysat110 0 Cunderoxygenatmosphere.The 

mixturewasdilutedwithethylacetate(200mL),washedwithwater(3x20mL)andsat.  

sodiumchloride(1x20mL),driedoveranhydroussodiumsulfatefilteredandconcentrated 

underreducedpressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyand 

elutedwithpetroleumether:ethylacetate(1:3)toafford4-[5-(cyclopropylmethyl)-8-oxo

~ 

[0160] A mixture of 4-[5-(cyclopropylmethyl)- 8-oxo-2,3,7,12

tetraazatricyclo[7.4.O.OA[2,6]]trideca~1(9),3,5,10,12-pentaen-7-yl]-N-methylbenzamide(40.0 

mg,0.107mmol,1.00eq.),ethylacetate(5mL),aceticacid(0.6niL)and10%Pd/C(5.00 

mg)wasstinedfor6hat60 0 CunderH2 atmosphere(3atm).Thesolidswerefilteredoff, 

andthefiltratewasdilutedwithwater(20niL).ThepHvalueofthemixturewasadjustedto 

8-9withsat.sodiumcarbonate(aq.).Themixturewasextractedwithethylacetate(3x50 

mL).Thecombinedorganiclayersweredriedoveranhydroussodiumsulfatefilteredand 

concentratedunderreducedpressuretoafford4-L5-(cyclopropylmethyl)-8-oxo-2,3,7,12

tetraazatricycloL7.4.0.OAL2,6]]trideca-1(9),3,5-trien-7-yl]-N-methylbenzamide(40mgcrude) 

asalightyellowsolid.LCMS(ESIm/z):378[M+H]~.  

104 

methylbenzamide(50.0nig,15%yield)asagreysolid.LCMS(ESImlz):374[M+H]~.
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Example 
tert-butyl5-oxo-3-(pyridin-3-ylmethyl)-5,6,7,9-tetrahydropyrazoloL1,5-a]pyridoL4,3

e]pyrimidine-8(4H)-carboxylate 

NaBH4,MeOH 

K2days rt,2h 
Br Br Br 

CI 0 
1) 0 CI 0 0 

DOE, 80 CC I h (Boc)20, Et3N, 0H2012 

2)MeOH,600 02h HN rt,2h ~L ~ 
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PMB'~' 0 1. TFA, 80 O~ overnight 
N-pMB 2.Boc2 OEt3NMeOHri,4h 

LiHMDSTHF H 

rt,2h BocK 

0 

K2 003 ,CuDMF 

0 1100 C,4h Boc 

~ N 0  N0 

CN NaBH4, MeOH 
overnight 

NaOMeMeOH N CN N II 
600Covernight N 

H2 S04 ,H20,EtOH 
600Covernight 

PMB-NHNH2  PMBa
800 C,4h 

[0161] Amixtureofmethyl3-bromopyridine-4-carboxylate(7.00g,32.4mmol, 

1.00eq.),benzylbromide(5.54g,32.4mmol,1.00eq.)andNN-dimethylformamide(100 

105 

Boc
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mL)wasstirredfor2daysatrt.Themixturewasdilutedwithethylacetate(100niL)and 

washedwithwater(3x200niL).Thecombinedorganiclayersweredriedoveranhydrous 

sodiumsulfatefilteredandconcentratedunderreducedpressuretoprovide1-benzyl-3
e 

bromo-4-(methoxycarbonyl)pyridin-1-lumbromide(13.0gcrude)aslightyellowoil.  

LCMS(ESImlz):306[M-Br]~. Theproductwasusedinthenextstepdirectlywithout 

furtherpurification.  

[0162] Amixtureof7-tert-butyl1-benzyl-3-bromo-4-(methoxycarbonyl)pyridin

1-iumbromide(9.00g,23.2mmol,1.00eq.),sodiumborohydride(4.43g,117mmol,5.04 

eq.)andmethanol(150mL)wasstirredfor2hatrtandthenconcentratedunderreduced 

pressure.Themixturewasdilutedwithethylacetate(100mL)andwashedwithwater(3x 

100mL).Thecombinedorganiclayersweredriedoveranhydroussodiumsulfatefiltered 

andconcentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatographyandelutedwithethylacetate:petroleumether(4:1)toaffordmethyl1

benzyl-3-bromo-5,6-dihydro-2H-pyridine-4-carboxylate(5.80g,80%yield)aslightyellow 

oil.LCMS(ESIm/z):310[M+H]~.  

[0163] A mixture of methyl 1-benzyl-3-bromo-5,6-dihydro-2H-pyridine-4

carboxylate(5.80g,18.7mmol,1.00eq.),1-chloroethylcarbonochloridate(2.67g,18.7 

mmol,1.00eq.)and1,2-dichloroethane(200mL)wasstinedfor1hat80 0 Candthen 

concentratedunderreducedpressure.Methanol(100mL)wasadded.Theresultingsolution 

wasstinedforanadditional1hat60 0 Candconcentratedunderreducedpressure. The 

dichloromethane:methanol(10:1)toaffordmethyl3-bromo-1,2,5,6-tetrahydropyridine-4

carboxylate(4.90gcrude)aslightyellowoil.LCMS(ESIm/z):220[M+H]~.  

[0164] Amixtureofmethyl3-bromo-1,2,5,6-tetrahydropyridine-4-carboxylate 

(4.90g,22.2mmol,1.00eq.),di-tert-butyldicarbonate(7.29g,33.4mmol,1.50eq.), 
e 

triethylamine(9.01g,89.1mmol,4.00eq.),dichloromethane(100mL)wasstirredfor2hat 

rtandthenconcentratedunderreducedpressure.Theresiduewasdilutedwithethylacetate 

(100mL)andwashedwithwater(3x100mL). Thecombinedorganiclayersweredried 

overanhydroussodiumsulfate filteredandconcentratedunderreducedpressure. The 

residue was purifiedby silicagel column chromatography and elutedwithethyl 

acetate:petroleumether(1:5)toafford1-tert-butyl4-methyl3-bromo-5,6-dihydro-2H

106 

residue was purified by silica gel column chromatography and eluted with
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pyridine-1,4-dicarboxylate(3.70g,52%yield)aslightyellowoil. LCMS(ESIm/z):320 

[M+H]~.  

[0165] Amixtureof3-pyridinecarboxaldehyde(5.00g,46.7mmol,1.00eq.),3,3

dimethoxypropanenitrile(5.37g,46.6mmol,1.00eq.),sodiumruethanolate(5.04g,93.4 

mmol 2.00eq.)andmethanol(150mL)wasstirredovernightat60 0 Candthen 

concentratedunderreducedpressure.Theresiduewasdilutedwithethylacetate(100mL) 

andwashedwithwater(3x100mL). Thecombinedorganiclayersweredriedover 

anhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewas 

purifiedbysilicagelcolumnchromatographyandelutedwithethylacetate:petroleumether 

(4:1)toafford(2E)-2-(dimethoxymethyl)-3-(pyridin-3-yl)prop-2-enenitrile(4.00g,42% 

yield)aslightyellowoil.LCMS(ESIm/z):205[M+H]~.  

[0166] Amixtureof(2E)-2-(dimethoxymethyl)-3-(pyridin-3-yl)prop-2-enenitrile 

(4.00g,19.6mmol,1.00eq.),sodiumborohydride(7.41g,196mmol,10.00eq.)and 

methanol(200mL)wasstinedovernightatrtandthenconcentratedunderreducedpressure.  

Theresiduewasdilutedwithethylacetate(100mL)andwashedwithwater(3x100mL).  

Thecombinedorganiclayersweredriedoveranhydroussodiumsulfatefilteredand 

concentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatography and eluted with ethyl acetate:petroleum ether (4:1) to afford 2

(dimethoxymethyl)-3-(pyridin-3-yl)propanenitrile(2.40g,59%yield)aslightyellowoil.  

LCMS(ESIm/z):207[M+H]~.  

9.70mmol,1.00eq.),ethanol(8mL),water(8mL)andsulfuricacid(1.90g,19.4mmol, 

2.00eq.)wasstinedovernightat60 0 C.[(4-methoxyphenyl)methyl]hydrazine(1.48g,9.69 

mmol,1.00eq.)wasadded.Theresultingsolutionwasstinedforanadditional4hat80 0 C, 

andthereactionquenchedwithwater(50mL).ThepHvalueofthemixturewasadjustedto 

6~7withsat.sodiumbicarbonate. Themixturewasextractedwithethylacetate(3x100 

mL). Thecombinedorganiclayerswerewashedwithwater(2x50mL),driedover 

anhydroussodiumsulfatefilteredandconcentratedunderreducedpressure. Thecrude 

productwaspurifiedbyreverseflashchromatographywiththefollowinggradient 

conditions:columnCisU mobilephaseACNinwater,5%to20%gradientin20mm' 

107 

[0167] Amixtureof2-(dimethoxymethyl)-3-(pyridin-3-yl)propanenitrile(2.00g,
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detector,254nnitoafford1- [(4-niethoxyphenyl)niethyl]-4-(pyridin-3-yhnethyl)pyrazol-3

amine(1.10g,38%yield)aslightyellowoil.LCMS(ESIm/z):295[M+H]~.  

[0168] Amixture1-tert-butyl4-methyl3-bromo-5,6-dihydro-2H-pyridine-1,4

dicarboxylate(543mg,1.69mmol,1.00eq.),1-[(4-methoxyphenyl)methyl]-4-(pyridin-3

ylmethyl)pyrazol-3-amine(500mg,1.69mmol,1.00eq.),tetrahydrofuran(10mL)and 

lithiumbis(trimethylsilyl)amide(2.0mL,2.00mmol,1. 18eq.,1Mintetrahydrofuran)was 

stirredfor2hatrtandthereactionquenchedbywater(20mL).Thesolutionwasextracted 

withethylacetate(100mL).Theorganiclayerswerecombinedwashedwithwater(3x100 

mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.  

Theresiduewaspurifiedbysilicagelcolumnchromatographyandelutedwithethylacetate 

to afford tert-butyl 3-bromo-4-({1-[(4-methoxyphenyl)methyl]-4-(pyridin-3

ylmethyl)pyrazol-3-yl}carbamoyl)-5,6-dihydro-2H-pyridine-1-carboxylate (200 mg, 20% 

yield)asalightyellowsolid.LCMS(ESIm/z):582[M+H]~.  

[0169] A mixture tert-butyl 3-bromo-4-({1-[(4-methoxyphenyl)methyl]-4

(pyridin-3-ylmethyl)pyrazol-3-yl}carbamoyl)-5,6-dihydro-2H-pyridine-1-carboxylate (200 

mg,0.343mmol,1.00eq.)andtrifluoroaceticacid(3mL)wasstinedforovernightat80 0 C, 

andthenconcentratedunderreducedpressure.Triethylamine(174mg,1.72mmol,5.00eq.), 

methanol(10mL)anddi-tert-butyldicarbonate(150mg,0.687mniol,2.00eq.)wasadded.  

Theresultingsolutionwasstinedforanadditional4hatrtandthenconcentratedunder 

reducedpressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyandeluted 

yl]carbamoyl}-5,6-dihydro-2H-pyridine-1-carboxylate(120mg,75%yield)asalightyellow 

solid.LCMS(ESIm/z):462[M+H]~.  

[0170] Amixturetert-butyl3-bromo-4-{[4-(pyridin-3-ylmethyl)-1H-pyrazol-3

yl]carbamoyl}-5,6-dihydro-2H-pyridine-1-carboxylate(120mg,0.260mmol, 1.00eq.), 

copperpowder(82.5mg,1.30mmol,5.00eq.),potassiumcarbonate(108mg,0.779mmol, 

3.00eq.)andNN-dimethylformamide(8mL)wasstirredfor4hat110 0 C. Thesolution 

wasdilutedwithethylacetate(100mL)andwashedwithwater(3x100mL).Thecombined 

organiclayersweredriedoveranhydroussodiumsulfatefilteredandconcentratedunder 

reducedpressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyandeluted 

with ethyl acetate to afford tert-butyl 5-oxo-3-(pyridin-3-ylmethyl)-5,6,7,9

108 

withethylacetatetoaffordtert-butyl3-bromo-4-{[4-(pyridin-3-ylmethyl)-1H-pyrazol-3-
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tetrahydropyrazolo[1,5-a]pyrido[4,3-e]pyrimidine-S(4H)-carboxylate(5.0nig,5%yield)as 

alightyellowsolid.LCMS(ESIm/z):382[M+H]~.  

Example 
5-beuzyl-12-(4-bromo-3-chloro-benzoyl)-7-L4-(5-methyl-4H-1,2,4-triazol-3-yl)phenyl]

2,3,7,12~tetrazatricyclo[7.4.O.OA2,6]trideca~1(9),3,5-trien-S-one(1) 

0 N 
H 

CI 
0 

[0171] Thetitlecompoundwasobtainedfollowingasimilarprocedurereported 

forthesynthesisof4-[5-benzyl-12-[4-bromo-3-(trifluoromethyl)benzoyl]- 8-oxo-2,3,7,12

tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]-N-methyl-benzamide(4), using(4-(4

(4-methoxybenzyl)-5-methyl-4H-1,2,4-triazol-3-yl)phenyl)boronic acid in place of 4

(methylcarbamoyl)phenylboronicacidinstep7,and4-bromo-3-chlorobenzoicacidinplace 

of4-bromo-3-(trifluoromethyl)benzoicacidinthelaststep. LCMS(ESIm/z):656.05 

[M+H]~Brpattern. NMR(300MHzCDCl 3 )611.5(br,1H),8.04(dJ S.4Hz2H), 

7.75(dJ 8.2Hz1H),7.69-7.62(in, 1H),7.46(s,1H),7.31(s,1H),7.28-7.21(in,2H), 

7.17-7.06(in,3H),6.72(s,2H),5.42-4.69(in,2H),4.32-3.45(in,2H),3.10(s,2H),2.79(s, 

Example 
4-[5-benzyl-12-(4-bromo-3-methyl-benzoyl)-8-oxo-2,3,7,12

tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]-N-methyl-benzamide(2) 

0 

0 

H 

0 N 

[0172] Thetitlecompoundwasobtainedfollowingasimilarprocedurereported 

forthesynthesisof4-[5-benzyl-12-[4-bromo-3-(trifluoromethyl)benzoyl]- 8-oxo-2,3,7,12

109 

2H),2.47(s,3H).
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tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]-N-niethyl-benzamide (4), using 4

broino-3-methylbenzoicacidinplaceof4-bronio-3-(trifluoroniethyl)benzoicacidinthelast 

step.LCMS(ESIm/z):612.1[M+H]~Brpattern. 1 HNMR(400MHzCDCl 3 )67.75-7.73 

(in,2H),7.62(dJ S.12Hz1H),7.52-7.38(in,2H),7.25(dJ 12.56Hz,2H),7.21-7.12 

(in,4H),6.68(s,2H),6.17(dJ 2.4Hz,1H),5.15-4.90(in,2H),4.O8-3.73(in,2H),3.07

3.03(in,5H)2.71(s,2H),2.44(s,3H).  

Example 
4-L5-benzyl-12-L4-bromo-3-(difluoromethyl)benzoyl]- 8-oxo-2,3,7,12

tetrazatricyclo[7.4.O.0A2,6]trideca-1(9),3,5-trien-7-yl]-N-methyl-benzamide(3) 

0 

H 

F 0 

[0173] Thetitlecompoundwasobtainedfollowingasimilarprocedurereported 

forthesynthesisof4-[5-benzyl-12-[4-bromo-3-(trifluoroinethyl)benzoyl]- 8-oxo-2,3,7,12

tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]-N-methyl-benzamide (4), using 4

bromo-3-difluoromethylbenzoicacidinplaceof4-bromo-3-(trifluoromethyl)benzoicacidin 

thelaststep.LCMS(ESIm/z):648.05[M+H]~Brpattern. 1 HNMR(400MHzCDC1 3 )6 

7.06-6.79(in,1H),6.68(s,2H),6.18(dJ 2.44Hz1H),5.17-4.85(in,2H),4.04-3.72(in, 

2H),3.19-3.02(in,5H),2.73(s,2H).  

Example 
5-benzyl-12-(4-bromo-3-chloro-benzoyl)-7- [3-(methylaniino)-1,2-benzothiazol-6-yl]

2,3,7,12-tetrazatricyclo[7.4.O.0A2,6]trideca-1(9),3,5-trien-8-one(5) 

NHMe 

0 

CI 
0 N 

110 

7.81(s,1H),7.75-7.72(in,3H),7.55-7.47(in,2H),7.37-7.21(in,2H),7.21-7.12(in,3H),
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[0174] Thetitlecompoundwasobtainedfollowingasimilarprocedurereported 

for the synthesis of 5-benzyl-12-(4-bromo-3-chloro-benzoyl)-7-[4-(5-methyl-4H-1,2,4

triazol-3-yl)phenyl]-2,3,7,12-tetrazatricyclo[7.4.O.OA2,6]trideca~1(9),3,5-trien-8-one (1), 

using(3-((tert-butoxycarbonyl)(niethyl)amino)benzolid]isothiazol-5-yl)boronicacidinplace 

of(4-(4-(4-methoxybenzyl)-5-methyl-4H-1,2,4-triazol-3-yl)phenyl)boronic acid. LCMS 

(ESIm/z):660.95[M+H]~Brpattern. 1 HNMR(400MHzCDCl 3 )67.74-7.72(in, 1H), 

7.61-7.49(in,4H),7.26(s,1H),7.12-7.08(in,4H),6.58(dJ 2Hz2H),5.16-4.89(in,3H), 

4.05-3.69(in,2H),3.21(dJ 4Hz,3H),3.09-2.96(in,2H),2.73(s,2H).  

Example10 
5-benzyl-12-(4-broino-3-chloro-benzoyl)-7-L3-(methylainino)-2,1-benzoxazol-6-yl]-2,3,7,12

tetrazatricycloL7.4.0.0A2,6]trideca-1(9),3,5-trien-8-one(6) 

NHMe 

CI 
0 N 

[0175] Thetitlecompoundwasobtainedfollowingasimilarprocedurereported 

for the synthesis of 5-benzyl-12-(4-broino-3-chloro-benzoyl)-7-[4-(5-inethyl-4H-1,2,4

triazol-3-yl)phenyl]-2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca~1(9),3,5-trien-8-one (1), 
e 

(4-(4-(4-methoxybenzyl)-5-methyl-4H-1,2,4-triazol-3-yl)phenyl)boronicacid. LCMS(ESI, 

645.0[M+H]~Brpattern. 1 HNMR(300MHzCDCl 3 )67.75(dJ 8.1Hz1H),7.64 

(s,1H),7.45(dJ 8.4Hz,2H),7.29-7.20(in,2H),7.18-7.07(in,3H),7.03(dJ 8.2Hz 

1H),6.64(s,2H),5.14(s,2H),4.35(dJ 5.5Hz,1H),3.79(s,2H),3.32-2.94(in,5H),2.76 

(s,2H).  

111 

using(3-((tert-butoxycarbonyl)(methyl)ainino)benzo[c]isoxazol-5-yl)boronicacidinplaceof



WO2022/115384 PCT/IiS2021/060366 

Example11 
5-benzyl-12-(4-bromo-3-chloro-benzoyl)-7- 14-(4-methylpyrazol-1-yl)phenyl]-2,3,7,12

tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-8-one(7) 

I 
N 

CI 
0 

[0176] Thetitlecompoundwasobtainedfollowingasimilarprocedurereported 

for the synthesis of 5-benzyl-12-(4-bromo-3-chloro-benzoyl)-7-[4-(5-methyl-4H-1,2,4

triazol-3-yl)phenyl]-2,3,7,12-tetrazatricyclo[7.4.O.OA2,6]trideca~1(9),3,5-trien-8-one (1), 

using (4-(4-methyl-1H-pyrazol-1-yl)phenyl)boronic acid in place of (4-(4-(4

methoxybenzyl)-5-methyl-4H-1,2,4-triazol-3-yl)phenyl)boronicacid. LCMS(ESI, 

655.15[M+H]~Brpattern. NMR(300MHzDMSO-d 6 )68.33(siLl),7.92(dJ S.2 

Hz,1H),7.81(dJ 8.7Hz,3H),7.62(s,2H),7.55-7.32(in,3H),7.11(s,3H),6.76(s,2H), 

5.19-4.63(in,2H),3.93(s,1H),3.63(s,1H),3.16-2.98(in,2H),2.66-2.54(in,2H),2.12(s, 

3H).  

Example12 
5-benzyl-12-(4-bromo-3-chloro-benzoyl)-7- [4-(1-methyltetrazol-5-yl)phenyl]-2,3,7,12

tetrazatricycloL7.4.0.0A2,6]trideca-1(9),3,5-trien-8-one(8) 

NN 

0 N 

CI 
0 N 

[0177] Thetitlecompoundwasobtainedfollowingasimilarprocedurereported 

for the synthesis of 5-benzyl-12-(4-bromo-3-chloro-benzoyl)-7-[4-(5-methyl-4H-1,2,4

triazol-3-yl)phenyl]-2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca~1(9),3,5-trien-8-one (1), 

using (4-(1-methyl-1H-tetrazol-5-yl)phenyl)boronic acid in place of (4-(4-(4

methoxybenzyl)-5-methyl-4H-1,2,4-triazol-3-yl)phenyl)boronicacid. LCMS(ESI, 

657.0[M+H]~Brpattern. 1 HNMR(300MHzCDCl 3 )67.80-7.71(in,3H),7.64(s,1H), 

112 

N
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7.55(s,1H),7.41-7.34(in,2H),7.33-7.29(in,1H),7.14(dJ 6.4Hz,3H),6.70(s,2H), 

5.17(s,2H),4.21(s,3H),3.88(in,2H),3.22(s,2H),2.77(s,2H).  

Exainpie13 
5-beuzyl-12-(4-broino-3-chloro-benzoyl)-7- 14-(2-inethyltetrazol-5-yl)phenyl]-2,3,7,12

tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-8-one(10) 

r 
It 

N 
N 

CI 
0 

[0178] Thetitlecoinpoundwasobtainedfollowingasiinilarprocedurereported 

for the synthesis of 5-benzyl-12-(4-broino-3-chloro-benzoyl)-7-[4-(5-inethyl-4H-1,2,4

triazol-3-yl)phenyl]-2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca~1(9),3,5-trien-8-one (1), 

using (4-(2-inethyl-2H-tetrazol-5-yl)phenyl)boronic acid in place of (4-(4-(4

inethoxybenzyl)-5-inethyl-4H-1,2,4-triazol-3-yl)phenyl)boronicacid. LCMS(ESI, 

656.95[M+H]~Brpattern.1HNMR(400MHzCDCl3)68.22-8.15(in,2H),7.75(dJ 8.2 

Hz,1H),7.57(dJ 59.4Hz, 2H),7.35-7.29(in,3H),7.18-7.09(in,3H),6.71(dJ 6.5Hz 

2H),5.3-4.8(in,2H),4.46(s,3H),4.1-3.7(in,2H),3.15(s,2H),2.77(s,2H).  

5-benzyl-12-(4-broino-3-chloro-benzoyl)-7- [4-(5-inethylpyrazol-1-yl)phenyl]-2,3,7,12
tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-8-one(12) 

N 
I 

CI 
0 N 

[0179] Thetitlecoinpoundwasobtainedfollowingasiinilarprocedurereported 

for the synthesis of 5-benzyl-12-(4-broino-3-chloro-benzoyl)-7-[4-(5-inethyl-4H-1,2,4

triazol-3-yl)phenyl]-2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca~1(9),3,5-trien-8-one (1), 

using (4-(5-inethyl-1H-pyrazol-1-yl)phenyl)boronic acid in place of (4-(4-(4

113 

Exainple14
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methoxybenzyl)-5-methyl-4H-1,2,4-triazol-3-yl)phenyl)boronicacid. LCMS(ESI, 

655.10[M+H]~Brpattern. NMR(300MHzDMSO-d 6 )67.91(dJ S.2Hz,1H),7.84

7.73(in,1H),7.67(s,1H),7.59(dJ 1.7Hz,1H),7.57(s,1H),7.54(s,1H),7.42(s,3H), 

7.22-6.99(ni,3H),6.86-6.63(ni,2H),6.30(dJ 1.6Hz,1H),4.99(s,1H),4.78(s,1H), 

3.91(s,1H),3.62(s,1H),3.16-3.01(ni,2H),2.71-2.56(in,2H),2.34(s,3H).  

Example15 
5-beuzyl-12-(4-bromo-3-chloro-benzoyl)-7-L4-L3-(trifluoromethyl)pyrazol-1-yl]phenyl]

2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-8-one(13) 

CF3 

N

I 

CI 
0 N 

[0180] Thetitlecompoundwasobtainedfollowingasimilarprocedurereported 

for the synthesis of 5-benzyl-12-(4-bromo-3-chloro-benzoyl)-7-[4-(5-methyl-4H-1,2,4

triazol-3-yl)phenyl]-2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca~1(9),3,5-trien-8-one (1), 

using(4-(3-(trifluoromethyl)-1H-pyrazol-1-yl)phenyl)boronicacidinplaceof(4-(4-(4

methoxybenzyl)-5-methyl-4H-1,2,4-triazol-3-yl)phenyl)boronicacid. LCMS(ESI, 

709.15[M+H]~Brpattern. 1 HNMR(300MHzCDCl 3 )67.99(dJ 2.6Hz1H),7.82-7.68 

(in,3H),5.16(hrm,1H),4.93(hrm1H),3.91(hrm1H),3.77(hrm1H),3.19(s,2H), 

2.76(s,2H).  

Example16 
4-II12-(4-hromo-3-chloro-henzoyl)-5-(cyclohutylmethyl)-8-oxo-2,3,7,12

tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]-N-methyl-henzamide(14) 

0 

H 

CI 
0 

114 

(in,3H),7.68-7.59(in,1H),7.50(s,1H),7.35-7.24(in,3H),7.21-7.05(in,3H),6.84-6.63



WO2022/115384 PCT/IiS2021/060366 

[0181] Thetitlecompoundwasobtainedfollowingasimilarprocedurereported 

forthesynthesisof4-[12-(4-bromo-3-chlorobenzoyl)-5-(cyclopentylmethyl)-8-oxo-2,3,7,12

tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-trien-7-yl]-N-methylbenzamide (11), using 

cyclobutanecarbaldehydeinplaceofcyclopentanecarbaldehydeinthesecondstep. LCMS 

(ESIm/z):610.15[M+H]~Brpattern. 1 HNMR(300MHzCDCl 3 )S8.06-7.83(in,2H), 

7.72(dJ 8.2Hz1H),7.65-7.56(in,1H),7.48(s,1H),7.40(dJ 8.3Hz,2H),7.23(s, 

1H),6.33(dJ 5.0Hz1H),5.11(brm1H),4.90(brm1H),3.96(hrin 1H),3.73(hrm 

1H),3.04(dJ 4.8Hz,3H),2.72(s,2H),2.26-1.94(in, 1H),1.79(ddJ 13.9,6.6Hz 

2H),1.62(dJ 7.5Hz4H),1.46-1.19(in,2H).  

Example17 
5-benzyl-12-(4-broino-3-chloro-benzoyl)-7-(2-methyl-1-oxo-isoindolin-5-yl)-2,3,7,12

tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-8-one(15) 

/ 

N 

0 -¼ 0 

CI 
0 

[0182] Thetitlecompoundwasobtainedfollowingasimilarprocedurereported 

for the synthesis of 5-benzyl-12-(4-broino-3-chloro-benzoyl)-7-L4-(5-inethyl-4H-1,2,4

using(2-methyl-1-oxoisoindolin-5-yl)boronicacidinplaceof(4-(4-(4-inethoxybenzyl)-5

methyl-4H-1,2,4-triazol-3-yl)phenyl)boronicacid. LCMS(ESIm/z):644.0LM+H]~Br 

pattern. 1 HNMR(300MHzCDCl 3 )67.92(dJ 8.0Hz,1H),7.76(dJ 8.2Hz1H), 

7.60(in,2H),7.38-7.31(in,2H),7.18-7.03(in,4H),6.62(dJ 5.9Hz2H),5.07(hrin 

2H),4.40-3.62(in,4H),3.22(in,4H),2.95(dJ 17.0Hz1H),2.70(hrs,2H).  

115 

triazol-3-yl)phenyl]-2,3,7,12-tetrazatricycloL7.4.0.0A2,6]trideca~1(9),3,5-trien-8-one (1),
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Example18 

4-12-L4-bromo-3-(trifluoromethyl)benzoyl]-5-(cyclobutylmethyl)-8-oxo-2,3,7,12
tetrazatricyclo[7.4.O.0A2,6]trideca-1(9),3,5-trien-7-yl]-N-methyl-benzamide(16) 

0 

H 

0 N 

[0183] Thetitlecompoundwasobtainedfollowingasimilarprocedurereported 

forthesynthesisof4-12-(4-bromo-3-chloro-benzoyl)-5-(cyclobutylmethyl)-8-oxo-2,3,7,12

tetrazatricycloL7.4.O.0A2,6]trideca-1(9),3,5-trien-7-yl]-N-methyl-benzamide (14), using 4

bromo-3-trifluoromethylbenzoicacidinplaceof4-bromo-3-chlorobenzoicacidinthelast 

step.LCMS(ESIm/z):644.15LM+H]~Brpattern. 1 HNMR(300MHzCDCl 3 )68.05-7.91 

(in,2H),7.89-7.76(in,2H),7.63-7.46(in,2H),7.41(dJ 8.2Hz,2H),6.47(dJ 50Hz 

1H),5.14(brin,1H),4.89(hriniLl),4.03(hriniLl),3.74(hriniLl),3.04(dJ 4.8lIz 

3Ll),2.75(hrs,2Ll),2.26-1.96(iniLl),1.93-1.75(in,2Ll),1.64(in,4Ll),1.36(qJ 8.7Hz 

2Ll).  

Example19 
4-II12-(4-hroino-3-chloro-henzoyl)-8-oxo-5-(tetrahydrofuran-3-ylinethyl)-2,3,7,12

0 

N 

N 

0 

[0184] Thetitlecompoundwasobtainedfollowingasimilarprocedurereported 

iLl-pyrazol-5-ainineinsteadof4
inExample3,using4-((tetrahydrofuran-3-yl)methyl)- e 

(cyclopentylinethyl)-iLl-pyrazole.LCMS(ESIm/z):624.05[M+Ll]~Brpattern. 1 LlNMR 

(300MHzCDCl 3 )67.96(in,2Ll),7.80-7.65(iniLl),7.56(in,2Ll),7.42(in,2Ll),7.24(s, 

iLl),6.42-6.20(iniLl),5.28-4.68(in,2Ll),3.95-3.50(in,5Ll),3.18-3.00(in,4Ll),2.74(hrs 

2Ll),2.04-1.80(iniLl),1.75-1.65(in,3Ll),1.30-1.10(iniLl).  

116 

tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]-N-inethyl-henzainide(17)
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Example20 
4-112-(4-bromo-3-chloro-benzoyl)-S-oxo-5-(3-thienylmethyl)-2,3,7,12

tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]-N-methyl-benzamide(18) 
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[0185] A250mEround-bottomflaskwaschargedwith4-bromo-1-(oxan-2

yl)pyrazole(3.00g,13.0mmol,1.00eq.)andTHF(30mL)undernitrogen.n-BuLi(7.79 

nil,19.5mmol,2.5eq.,2.5Minhexane)wasaddedat-78 0 C.Themixturewasstirredfor 

30mm at-780 C.3-thiophenecarboxaldehyde(2.18g,19.5mmol,1.50eq.)inTHF(10mL) 

wasaddedat-78 0 C. Themixturewaswarmedtortandthenstirredfor1hatrt. The 

reactionwasquenchedwithsat.NH4C1(30mLaq.)at0 0 C.Themixturewasextractedwith 

ethylacetate(3x50mL).Theorganiclayerswerecombinedwashedwithwater(3x20 

mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.  

Theresiduewaspurifiedby silicagelcolumnchromatography, elutedwithethyl 

acetate:petroleumether(1:1)toafford 1-(oxan-2-yl)pyrazol-4-yl](thiophen-3-yl)methanol 

(1.90g,55%yield)asacolorlessoil.LCMS(ESImlz):265LM+H]~.  

[0186] A100mLround-bottomflaskwaschargedwith1-(oxan-2-yl)pyrazol-4

yl](thiophen-3-yl)methanol(1.80g,6.81mmol,1.00eq.),trifluoroaceticacid(23.3g,204 

mmol,30.0eq.),Et 3 SiH(11.9g,102mmol,15.0eq.)andDCE(5mL)atrt.Themixturewas 

basifiedtopH8-9withsat.NaHCO3(aq.).Themixturewasextractedwithdichloromethane 

(3x80mL).Theorganiclayerswerecombinedwashedwithwater(3x50mL),driedover 

anhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewas 

purifiedbysilicagelcolumnchromatographyelutedwithethylacetate:petroleumether(1:1) 

toafford4-(thiophen-3-ylmethyl)-iH-pyrazole(850mg,74%yield)asacolorlessoil.  

LCMS(ESImlz):165[M+H]~.  

[0187] A250mEroundbottomflaskwaschargedwith3-bromopyridine-4

carboxylicacid(14.8g,73.3mmol,1.10eq.),4-amino-N-methylbenzamide(10.0g,66.7 

mmol,1.00eq.),EDCI(15.3g,79.8mmol,1.20eq.),HOBt(10.8g,79.8mmol,1.20eq.), 

DIBA(26.0g,202mmol,3.00eq.)andDMF(50mL). Thesolutionwasstirredfor 
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stirredforovernightatrtandthenconcentratedunderreducedpressure. Theresiduewas



WO2022/115384 PCT/IiS2021/060366 

overnightatrt.Thereactionwasquenchedbywater(200mL).Themixturewasextracted 

withethylacetate(3x200mL).Theorganiclayerswerecombinedwashedwithwater(3x 

100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwithethyl 

acetate:petroleumether(9:1)toafford3-bromo-N-[4-(methylcarbamoyl)phenyl]pyridine-4

carboxamide(6.50g,29%yield)asawhitesolid.LCMS(ESImlz):334[M+H]~.  

[0188] A 100 mL round-bottom flask was charged with 3-bromo-N-[4

(methylcarbamoyl) phenyl]pyridine-4-carboxamide (1.55 g, 4.63 mmol, 1.00 eq.),4

(thiophen-3-ylmethyl)-1H-pyrazole(799mg,4.87mmol, 1.05eq.),1,lO-phenanthroline 

(0.167g,0.928mmol,0.20eq.),Cul(0.180g,0.928mmol,0.20eq.),EtONa(1.58g,23.2 

mmol,5.00eq.)andDMF(20mL)atrt. Themixturewasstirredfor2daysat110 

underanoxygenatmosphere.Thereactionwasquenchedwithwater(100mL).Themixture 

wasextractedwithethylacetate(3x50mL). Theorganiclayerswerecombinedwashed 

withwater(3x20mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunder 

reducedpressuretoaffordN-(4-(methylcarbamoyl)phenyl)-3-(4-(thiophen-3-ylmethyl)-1H

pyrazol-1-yl)isonicotinamide(1.94gcrude)asayellowoil.LCMS(ESImlz):418[M+H]~.  

[0189] A 100 mE round-bottom flask was charged with 

(methylcarbamoyl)phenyl)-3-(4-(thiophen-3-ylmethyl)-1H-pyrazol-1-yl)isonicotinamide 

(1.94g,4.63mmol,1.00eq.),1,10-phenanthroline(0.167g,0.928mmol,0.20eq.),Cul 

(0.180g,0.928mmol,0.20eq.),EtONa(1.58g,23.2mmol,5.00eq.)andDMF(20 

reactionwasquenchedwithwater(100mL).Themixturewasextractedwithethylacetate(3 

x50mL).Theorganiclayerswerecombinedwashedwithwater(3x20mL),driedover 

anhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewas 

purifiedbysilicagelcolumnchromatographyelutedwithethylacetate:tetrahydrofuran(4:1) 

toaffordN-L4-(methylcarbamoyl)phenyl]-3-L4-(thiophen-3-ylmethyl)pyrazol-1-yl]pyridine

4-carboxamide(385mg,20%yield)asalightyellowoil.LCMS(ESImlz):416[M+H]~.  

[0190] A100mLround-bottomflaskwaschargedwithN-methyl-4-LS-oxo-5

(thiophen-3-ylmethyl)-2,3,7,12~tetraazatricycloL7.4.0.0A{2,6}]trideca-1(9),3,5,10,12

pentaen-7-yl]benzamide (700 mg, 1.68 mmol, 1.00 eq.), 4-(bromomethyl)-1,2

dimethoxybenzene(584mg,2.52mmol,1.50eq.)andacetonitrile(10mL).Themixturewas 
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mL)atrt.Themixturewasstirredfor2daysat110 0 Cunderanoxygenatmosphere.The
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stirredforovernightat60 0 Candthenconcentratedunderreducedpressuretoafford8-(3,4

dimethoxybenzyl)-4-(4-(methylcarbamoyl)phenyl)-5-oxo-3-(thiophen-3-ylmethyl)-4,5

dihydropyrazolo[1,5-a]pyrido[4,3-e]pyrimidin-8-ium.bromide(1.25gcrude)asayellowoil.  

LCMS(ESImlz):566[M-Br]~.  

[0191] A100niLround-bottomflaskwaschargedwith8-(3,4-dimethoxybenzyl)

4-(4-(methylcarbamoyl)phenyl)-5-oxo-3-(thiophen-3-ylmethyl)-4,5-dihydropyrazoloII1,5

a]pyrido[4,3-e]pyrimidin-8-iumbromide(450mg,0.696mmol,1.00eq.),STAB(841mg, 

3.97mmol,5.70eq.)andDCE(10mL)atrt.Themixturewasstirredfor1.5hat60 0 C.The 

reaction was quenched with water (100 mL). The mixture was extracted with 

dichloromethane(3x100mL).Theorganiclayerswerecombinedwashedwithwater(3x 

50mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure. Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwith 

dichloromethane:methanol(10:1)toafford4-{12-[(3,4-dimethoxyphenyl)methyl]-8-oxo-5

(thiophen-3-ylmethyl)-2,3,7,12-tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-trien-7-ylI-N

methylbenzamide(238mg,60%yield)asayellowsolid.LCMS(ESImlz):570[M+H]~.  

[0192] A40mLvialwaschargedwith4-{12-[(3,4-dimethoxyphenyl)methyl]-8

oxo-5-(thiophen-3-ylmethyl)-2,3,7,12-tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5-trien-7

yl}-N-methylbenzamide(190mg,0.334mmol,1.00eq.),chloroethylchloroformate(52.45 

mg,0.367mmol,1.10eq.),DIBA(64.6mg,0.501mmol,1.50eq.)andDCE(5mL)atrt.  

Themixturewasstinedfor1hatrtandthenconcentratedunderreducedpressure.MeOH 

reduced pressure. The residue was purified by prep-TLC with 

dichloromethane:methanol(5:1) to affordN-methyl-4-[8-oxo-5-(thiophen-3-ylmethyl)

~benzamide(120mg,86% 

yield)asayellowsolid.LCMS(ESImlz):420[M+H]~.  

[0193] A40mLvial was chargedwithN-methyl-4-LS-oxo-5-(thiophen-3

ylmethyl)-2,3,7,~(60.0 

mg,0.143mmol,1.00eq.),4-bromo-3-chlorobenzoicacid(50.5mg,0.214mmol,1.50 

eq.),EDCI(32.9mg,0.172mmol,1.20eq.),HOBT(23.1mg,0.172mmol,1.20eq.),DIBA 

(92.4mg,0.715mmol,5.00eq.)andDMF(10mL)atrt. Themixturewasstirred 

forovernightatrt. Thereactionwasquenchedwithwater(50mL). Themixturewas 
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(3.0mL)wasadded.Themixturewasstinedfor1hat70 0 Candthenconcentratedunder
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extractedwithethylacetate(3x50niL).Theorganiclayerswerecombinedwashedwith 

water(3x20niL),driedoveranhydroussodiumsulfatefilteredandconcentratedunder 

reducedpressure. Thecrudeproductwaspurifiedbyprep-HPLCwiththefollowing 

conditions:Column:XselectCSHOBDColumn30x150mm5umMobilePhaseA:Water 

(50mmolILNH4HCO3),MobilePhaseB:ACN~Flowrate:60mL/minGradient:33%Bto 

63%Bin9mm toafford4-II12-(4-bromo-3-chlorobenzoyl)-S-oxo-5-(thiophen-3-ylmethyl)

2,3,7,12~tetraazatricyclo[7.4.O.OA{2,61]trideca-1(9),3,5-trien-7-yl]-N-methylbenzamide(12.3 

mg,13%yield)asawhitesolid.LCMS(ESImlz):636[M+H]~,637.95[M+H]~Brpattern.  

NMR(400MHzCDCl 3 )ii.79-7.72(in,3H),7.61(s,1H),7.55(in,1H),7.24(dJ 4.0 

Hz,2H),7.13(in,1H),6.44(in,2H),6.20(brs1H),5.23-4.85(in,2H),4.02-3.73(in,2H), 

3.04(in,5H),2.73(brs2H).  

Example21 
4-[12-(4-broino-3-chloro-benzoyl)-5-II(3,3-difluorocyclobutyl)inethyl]-8-oxo-2,3,7,12

tetrazatricycloL7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]-N-inethyl-benzainide(19) 

0 

N 

F 

0 F 

in Example 3, using 4-((3,3-difluorocyclobutyl)inethyl)-1H-pyrazole in place of4

(cyclopentylinethyl)-1H-pyrazole.LCMS(ESIm/z):644.05LM+H]~Brpattern. 1 HNMR 

(400MHzCDCl3)68.01-7.94(in,2H),7.75(dJ S.2Hz,1H),7.68-7.58(in,1H),7.57

7.33(in,3H),7.26(in,1H),6.28(dJ 5.0Hz1H),5.25-4.78(in,2H),4.13-3.64(in,2H), 

3.08(dJ 4.8Hz,3H),2.86-2.65(in,2H),2.59-2.32(in,2H),2.02-1.82(in,3H),1.79(dJ 

7.0Hz2H).  
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[0194] Thetitlecompoundwasobtainedfollowingasimilarprocedurereported
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Example22 
4-12-L4-bromo-3- (trifluoromethyl)benzoyl]- S-oxo-5-(3-thienylmethyl)-2,3,7,12
tetrazatricyclo[7.4.O.0A2,6]trideca-1(9),3,5-trien-7-yl]-N-methyl-benzamide(20) 

0 

N 
Br 

F30 N 

[0195] Thetitlecompoundwasobtainedfollowingasimilarprocedurereported 

inExample20,using4-bromo-3-(trifluoromethyl)benzoicacidinplaceof4-bromo-3

chlorobenzoicacidinthelaststep.LCMS(ESIm/z):672.1[M+H]~Brpattern. 1 HNMR 

(400MHzCDCl 3 )67.86-7.83(in,2H),7.78(dJ 4.0Hz,2H),7.53-7.46(in,2H),7.24(d, 

J 4.0Hz,2H),7.14-7.12(in,1H),6.45(s,2H),6.16(dJ 2.0Hz1H),5.34-4.68(in,2H), 

4.19-3.58(in,2H),3.05(dJ 2.0Hz,5H),2.74(hrs2H).  

Example23 
N-methyl-4-[rac-(11R)-12-[4-bromo-3-(trifluoromethyl)benzoyl]-5-(cyclopropylmethyl)-11

methyl-8-oxo-2,3,7,12-tetrazatricycloL7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]benzamide 
(21a)andN-inethyl-4-[rac-(11S)-12-[4-broino-3-(trifluoromethyl)benzoyl]-5

(cyclopropylmethyl)-11-methyl-8-oxo-2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5
trien-7-yl]benzainide(21b) 

N N 

F3C N 0 N 

21a 21b 
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[0196] Toastinedsolutionofcyclopropanecarbaldehyde(200g,2.85niol,1.00 

eq.)and3,3-diethoxypropanenitrile(408g,2.85irnol,1.00eq.)inMeOH(4000mL)was 

addedNaOMe(308g,5.71mol,2.00eq.)atrt.Themixturewasstinedforovernightat60 

123 

rt,2h itovernight
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ocunderanitrogenatmosphereandthenconcentratedunderreducedpressure.Thereaction 

wasquenchedwithwater(2000niL)andthenextractedwithethylacetate(3x1500niL).  

Thecombinedorganiclayersweredriedoveranhydroussodiumsulfate.Afterfiltrationthe 

filtratewasconcentratedunderreducedpressure. Theresiduewaspurifiedbysilicagel 

column chromatography with ethyl acetate:petroleum ether (4:1)to afford (2E)-3

cyclopropyl-2-(dimethoxymethyl)prop-2-enenitrile(273g,57%yield)asacolorlessoil.  

[0197] Toastirredsolutionof(2E)-3-cyclopropyl-2-(dimethoxymethyl)prop-2

enenitrile(273g,1.63mol,1.00eq.)inMeOH(7L)wasaddedNaBH4(308g,8.16mol, 

5.00eq.)inportionsat0 0 C.Themixturewasstirredforovernightatrt.Thereactionwas 

quenchedwithwater(2L)andthenconcentratedunderreducedpressure.Themixturewas 

extractedwithethylacetate(3x2L). Thecombinedorganiclayersweredriedover 

anhydroussodiumsulfate. Afterfiltration thefiltratewasconcentratedunderreduced 

pressuretoafford3-cyclopropyl-2-(dimethoxymethyl)propanenitrile(260g crude)asa 

colorlessoil.  

[01981 Toastinedsolutionof3- cyclopropyl-2-(dimethoxymethyl)propanenitrile 

(260g,1.54mol,1.00eq.)inEtOH(5L)wasaddedH 2 S04 (753g,7.68mol,5.0 

eq.)inwater(2.5L)atrtunderanitrogenatmosphere.Themixturewasstirredforovernight 

at800 C.[(4-Methoxyphenyl)methyl]hydrazine(350g,2.30mol,1.50eq.)wasaddedand 

stirredfor6hoursat80 0 Cunderanitrogenatmosphere. Themixturewasconcentrated 

underreducedpressure. TheresiduewasbasifiedtopH Swithsaturatedsodium 

layersweredriedoveranhydroussodiumsulfate. Afterfiltration thefiltratewas 

concentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatography, eluted with ethyl acetate:petroleum ether (3:1) to afford 4

(cyclopropylmethyl)-1- [(4-methoxyphenyl)methyl]pyrazol-3-amine(100.6g,26%yield)as 

anoff-whitesolid.LCMS(ESImlz):258LM+H]~, 1 HNMR(300MHzCDCl3)67.27(s, 

1H),7.17-7.08(in,2H),6.91-6.82(in,2H),5.14(s,2H),3.78(s,3H),3.30(s,2H),2.26(dJ 

6.4Hz2H),1.07-0.78(in,1H),0.59-0.34(in,2H),0.25-0.07(in,2H).  

[0199] A1Lroundbottomflaskwaschargedwith4-(cyclopropylmethyl)-1-L(4

methoxyphenyl)methyl]pyrazol-3-amine (30.0 g, 116 inmol, 1.00 eq.), 2-bromo-5

fluoropyridine-4-carboxylicacid(28.0g,128minol,1.10eq.),HATU(62.1g,163minol,1.4 
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bicarbonatesolutionandthenextractedwithethylacetate(3x2L).Thecombinedorganic
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eq.),DIBA(45.2g,350nunol,3eq.)andDMF(500niL). Thesolutionwasstirredfor 

overnightatrt.Thereactionwasquenchedbywater(2L).Themixturewasstirredfor30 

mm. Thesolidwascollectedbyfiltrationwashedwithwater(3x200mL),driedunder 

reduced pressure to provide 2-bromo-N-[4-(cyclopropylmethyl)-1-1j4

inethoxyphenyl)inethyl]pyrazol-3-yl]-5-fluoropyridine-4-carboxamide(51.0g,95%yield) 

asalightyellowsolid.LCMS(ESImlz):459[M+H]~.  

[0200] A 2 L round bottom flask was charged with 2-bromo-N-[4

(cyclopropylmethyl)-1- [(4-methoxyphenyl)methyl]pyrazol-3-yl]-5-fluoropyridine-4
carboxamide(51.0g,111mmol,1.00eq.),trimethyl-1,3,5,2,4,6-trioxatriborinane(60.0g, 

238mmol,2.14eq.,50%inTHF),Pd(dppflCl2(4.06g,5.55mmol,0.05eq.),K 2 C03 (46.0g, 

333mmol,3.00eq.)and1,4-dioxane(1.0L).Thesolutionwasstirredforovernightat100 

ocunderN2atmosphere. Thereactionwasquenchedbywater(1.0L). Themixturewas 

extractedwithethylacetate(3x1L).Theorganiclayerswerecombinedwashedwithwater 

(3x500mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwithethyl 

acetate:petroleum ether (1:3) to afford N-[4-(cyclopropylmethyl)-1-[(4

methoxyphenyl)methyl]pyrazol-3-yl]-5-fluoro-2-methylpyridine-4-carboxamide (40.0 

91%yield)asalightyellowsolid.LCMS(ESImlz):395[M+H]~.  

[0201] A 500 mL round bottom flask was charged with 

(cyclopropylmethyl)-1- [(4-methoxyphenyl)methyl]pyrazol-3-yl]- 5-fluoro-2-methylpyridine

for6hat600 Candthenconcentratedunderreducedpressuretoprovide 

(cyclopropylmethyl)-1H-pyrazol-3-yl]-5-fluoro-2-methylpyridine-4-carboxamide (30.6 g, 

crude)asabrownsolid.LCMS(ESImlz):275[M+H]~.  

[0202] A 500 mL round bottom flask was charged with 

(cyclopropylmethyl)-1H-pyrazol-3-yl]-5-fluoro-2-methylpyridine-4-carboxamide (30.6 g, 

112mmol,1.00eq.),Cs2CO3(71.3g,218mmol,1.95eq.)andDMF(200mL).Thesolution 

wasstirredforovernightat120 0 C.Thereactionwasquenchedbywater(1L).Themixture 

wasextractedwithethylacetated(3x1L).Theorganiclayerswerecombinedwashedwith 

water(3x500mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunder 

reduced pressure to provide 5-(cyclopropylmethyl)-11-methyl-2,3,7,12

125 

4-carboxamide(30.0g,76.1mmol,1.00eq.)andTFA(200mL).Thesolutionwasstined
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tetraazatricyc1o[7.4.O.OA{2,6}]trideca~1(13),3,5,9,11~pentaen~S~one(15.5g,55%yield)asa 

whitesolid.LCMS(ESImlz):255[M+H]~.  

[0203] A500niLroundbottomflaskwaschargedwith5-(cyclopropylmethyl)

1~(15.5 

g,60.9mniol,1.00eq.),Pd/C(1.50g)andAcOH(200mL). Thesolutionwasstirredfor 

overnightat60 0 CunderH2 atmosphere.ThesolidwasfilteredoffandwashedwithAcOH 

(50 mL). The filtrate was concentrated under reduced pressure to provide 5

(cyclopropylmethyl)-11-methyl-2,3,7,12~tetraazatricyclo[7.4.O.OA{2,61]trideca-1(9),3,5

trien-8-one(15.0g,95%yield)asawhitesolid.LCMS(ESImlz):259[M+H]~.  

[0204] A500mLroundbottomwaschargedwith5-(cyclopropylmethyl)-11

~ (15.0 g, 58.1 

mmol,1.00eq.),Et3N(17.6g,174mmol,3.00eq.)andDCM(250mL).(Boc)20(19.0g, 

87.1mmol,1.50eq.)wasaddedatrt.Thesolutionwasstinedfor2hatrt.Thereactionwas 
e 

quenchedwithwater(300mL).ThemixturewasextractedwithDCM(3x500mL).The 

organiclayerswerecombinedwashedwithwater(3x300mL),driedoveranhydrous 

sodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewaspurified 

bysilicagelcolumnchromatographyelutedwithethylacetate:petroleumether(1:4)to 

afford tert-buty1 5-(cyclopropylmethyl)-11-methyl-8-oxo-2,3,7,12

tetraazatricyclo[7.4.O.OA{2,61]trideca-1(9),3,5-triene-12-carboxylate(14.5g,69%yield)asa 

whitesolid.LCMS(ESImlz):359[M+H]~.  

(cyclopropylmethyl)-11-methyl-8-oxo-2,3,7,12~tetraazatricyclo[7.4.O.OA{2,6}]trideca

1(9),3,5-triene-12-carboxylate (14.5 g, 40.4 mmol 1.00 eq.), 4

(methylcarbamoyl)phenylboronicacid(14.5g,80.9mmol,2.00eq.),Cu(OAc)2(7.35g,40.5 

mmol,1.00eq.),Et3N(12.3g,121mmol,3.00eq.)andDCM(250mL).Thesolutionwas 

stirredforovernightatrtunder02atmosphere.Thereactionwasquenchedbywater(500 

mL). ThemixturewasextractedwithDCM(3x500mL). Theorganiclayerswere 

combinedwashedwithwater(3x200mL),driedoveranhydroussodiumsulfatefiltered 

andconcentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatographyelutedwithethylacetate:petroleumether(10:1)toaffordtert-butyl5

(cyclopropylmethyl)-11-methyl-7-L4-(methylcarbamoyl)phenyl]-8-oxo-2,3,7,12
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[0205] A 500mL round bottom flask was charged with tert-butyl 5-
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tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-triene-12-carboxylate(7.00g,35%yield)asa 

whitesolid.LCMS(ESImlz):492[M+H]~.  

[0206] A 500 ruL round bottom flask was charged with tert-butyl 5

(cyclopropylniethyl)-11-methyl-7-[4-(methylcarbamoyl)phenyl]-8-oxo-2,3,7,12

tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-triene-12-carboxylate (7.00g, 14.2mmol, 

1.00eq.),TFA(40mL)andDCM(200mL). Thesolutionwasstirredfor3hatrt. The 

mixturewasconcentratedunderreducedpressuretoprovide4-[5-(cyclopropylmethyl)-11

methyl-8-oxo-2,3,7,12-tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-trien-7-yl]-N

methylbenzamidetrifluoroaceticacidsalt(7.00gcrude)asalightbrownsolid.LCMS(ESI, 

m/z):392[M-TFA+H]~.  

[0207] A500mlroundbottomflaskwaschargedwith4-[5-(cyclopropylmethyl)

11-methyl-8-oxo-2,3,7,12~tetraazatricycloIj7.4.O.OA{2,6}]trideca-1(9),3,5-trien-7-yl]-N

methylbenzamidetrifluoroaceticacidsalt(7.00g, 13.9mmol, 1.00eq.),4-bromo-3

(trifluoromethyl)benzoicacid(4.62g,17.2mmol,1.24eq.),EDCI(4.11g,21.5mmol,1.55 

eq.),DMF(200mL),DIBA(7.39g,57.2mmol,4.12eq.)andHOBT(2.90g,21.5mmol, 

1.55eq.).Thesolutionwasstinedforovernightatrt.Thereactionwasquenchedbywater 

(500mL).Themixturewasextractedwithethylacetate(3x500mL).Theorganiclayers 

werecombinedwashedwithwater(3x500mL),driedoveranhydroussodiumsulfate 

filteredandconcentratedunderreducedpressure. Theresiduewaspurifiedbysilicagel 

columnchromatographyelutedwithacetate:petroleumether(10:1)toaffordthecrude 

(Column:CHIRALARTAmylose-SA,5*25cm,5 S MobilePhaseA:C02,MobilePhase 

B:MEOH(O.1%2MNH 3 -MEOH);Flowrate:200 , Gradient:isocratic50%B; 

ColumnTemperature( 0 C):35,BackPressure(bar):100;WaveLength:220nm'RT1(min): 

5.42;RT2(min):10.37;SampleSolvent:MeOH:DCM1:1;InjectionVolume:12mL; 

Number OfRuns: 15) to afford 1iR)-12-L4-bromo-3-(trifluoromethyl)benzoyl]-5

(cyclopropylmethyl)-11-methyl-8-oxo-2,3,7,12~tetraazatricyclo~7.4.O.OA{2,6}]trideca

1(9),3,5-trien-7-yl]-N-methylbenzamide21a(thefirstpeak,2.501g,27%yield)asawhite 

solid and 115)-12-L4-bromo-3-(trifluoromethyl)benzoyl]-5-(cyclopropylmethyl)-11

methyl-8-oxo-2,3,7,12-tetraazatricycloL7.4.0.OA{2,6}]trideca-1(9),3,5-trien-7-yl]-N

methylbenzamide21b(thesecondpeak,2.5g27%yield)asawhitesolid. LCMS(ESI, 
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product. Thecrudeproduct(6.8g)waspurifiedbySFCwiththefollowingconditions
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mlz):642[M+H]~,644.2[M+H]~Brpattern. NMR(400MHzCDC1 3 )S7.94(tJ S.8 

Hz,2H),7.88-7.79(in,2H),7.74(s,1H),7.52-7.34(in,3H),6.45(dJ 5.5Hz,1H),6.06

5.19(br,1H),5.06-4.17(br,2H),3.05(dJ 4.5Hz,3H),2.82(dJ 15.6Hz,1H),2.67(d, 

J 17.2Hz, 1H),1.49(dJ 6.8Hz, 2H),1.35(dJ 6.8Hz,3H),0.60(qJ 6.2Hz1H), 

0.46-0.33(in,2H),-0.13(in,2H).  

Exainpie24 
N-inethyl-4-Lrac-(11R)-12-L4-broino-3-chlorobenzoyl]-5-(cyclopropylinethyl)-11-inethyl-8
oxo-2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]benzainide(22a)andN
inethyl-4-[rac-(11S)-12-[4-broino-3-chlorobenzoyl]-5-(cyclopropylinethyl)-11-inethyl-8

oxo-2,3,7,12-tetrazatricycloL7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]benzainide(22b) 

0 0 

N N 

Br Br 

CI 0 N CI 0 

22a 22b 

[0208] Thetitlecoinpoundswereobtainedfollowingasiinilarprocedurereported 

in Exainple 23, using 4-broino-3-chlorobenzoic acid in place of 4-broino-3

(trifluoroinethyl)benzoicacidinthelaststep. ChiralHPLCpurification(chiralpakIA-3 

4.6~50inin 3~tin, MtBE(0.1%DEA):EtOH60:40)provided(22a)asthefirsteluting 

LCMS(ESIm/z):610.05LM+H]~Brpattern. 1 HNMR(300MHzCDCl 3 )S7.93(tJ 6.8 

Hz,2H),7.80-7.62(in,2H),7.56(dJ 1.9Hz, 1H),7.48-7.32(in,2H),7.20(ddJ 8.2, 

2.0Hz1H),6.29(dJ 5.3Hz,1H),5.72(in,1H),4.44(in,2H),3.05(dJ 4.8Hz,3H), 

2.91-2.50(in,2H),1.48(dJ 6.9Hz, 2H),1.32(dJ 6.8Hz,3H),0.59(in,1H),0.39(tJ 

6.SHz2H),-0.12(in,2H).  
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enantioiner(Rt 1.29inin)and(22b)asthesecondelutingenantioiner(Rt 3.53nAn).
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Example25 
5-benzyl-12-(4-bromo-3-chloro-benzoyl)-7-L3-(methylamino)-1,2,4]triazoloL4,3-a]pyridin

7 -yl]-2,3,7,12-tetrazatricyclo[7.4.O.0A2,6]trideca-1(9),3,5-trien-8-one(23) 

NHMe 

N 
0 / N 

N 

Br 

N 

0 

[0209] Thetitlecompoundwasobtainedfollowingasimilarprocedurereported 

inExample2,using7-bromo-N-1j4-methoxyphenyl)methyl]-N-methyl-L1,2,4]triazoloL4,3

a]pyridin-3-amineinplaceof(4-(4-methyl-4H-1,2,4-triazol-3-yl)phenyl)boronicacidand 

replacingtheChan-LamcouplingconditionsbyBuchwaldcouplingconditions(XantPhos 

Pd2(dba)3,K3 P04 ,dioxane,100deg,16h).LCMS(ESIm/z):645.05LM+H]~Brpattern.  

NMR(300MHzCDCl 3 )67.74(dJ 841Hz1H),7.60(in,2H),7.41(s,1H),7.26(s,1H), 

7.24(s,1H),7.10-6.98(in,3H),6.50(dJ 7.5Hz2H),6.13(dJ 7.2Hz1H),5.40-4.70 

(in,2H),4.22(brs1H),3.95-3.58(in,3H),3.40-3.20(in,4H),2.72(s,2H).  

Example26 
4-II12-[4-broino-3- (trifluoroinethyl)benzoyl]-5-(cyclopropylinethyl)- 8-oxo-2,3,7,12

0 

N 

N 

0 

[0210] Coupling of 4-L5-(cyclopropylmethyl)-8-oxo-2,3,7,12

tetraazatricycloL7.4.0.OAL2,6]]trideca-1(9),3,5-trien-7-yl]-N-inethylbenzamidewith4-broino

3-(trifluoroinethyl)benzoicacidfollowingtheconditionsreportedinExample1, afforded 

compound(24).LCMS(ESIm/z):628.10LM+H]~Brpattern. 1 HNMR(400MHzCDCl3) 

a8.00-7.90(in,2H),7.90-7.80(in,2H),7.80-7.59(in,1H),7.59-7.49(in,1H),7.39(dJ 
7.2Hz2H),6.49-6.11(in,1H),5.35-4.71(in,2H),4.20-3.55(in,2H),3.03(dJ 4.4Hz 
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tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]-N-inethyl-benzainide(24)
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3H),2.74(hrs,2H),1.47(dJ 6.8Hz2H),0.70-0.50(ni,1H),0.45-0.27(ni,2H),-0.05-

0.21(ni,2H).  

Example27 
5-beuzyl-12-L4-bromo-3-(trifluoromethyl)benzoyl]-7-14-(4-methyl-1,2,4-triazol-3

yl)phenyl]-2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca~1(9),3,5-trien-8-one(25) 

N~N 

N 

0 

N 

Br 

N 
0 

[0211] Thetitlecompoundwasobtainedfollowingasimilarprocedurereported 

inExample2 using4-bromo-3-(trifluoromethyl)benzoicacidinplaceof4-bromo-3

chlorobenzoicacidinthelaststep.LCMS(ESIm/z):690.05[M+H]~Brpattern. 1 HNMR 

(300MHzCDCl3 )68.35(hrs1H),7.84(dJ 8.4Hz2H),7.71(dJ 7.5Hz2H),7.54 

(dJ 8.1Hz2H),7.32(dJ 7.2Hz2H),7.20-7.00(in,3H),6.70(dJ 3.3Hz2H),5.30
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4.90(in,2H),3.80(s,5H),3.17(s,2H),2.76(hrs,2H).
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Example28 
5-benzyl-12-L4-bromo-3-(trifluoromethyl)benzoyl]-7-L3-(methylamino)-1 I 

H-indazol-6-yl]
2,3,7,12-tetrazatricyclo[7.4.O.0A2,6]trideca-1(9),3,5-trien-8-one(26) 

Boc 
NH 

N 
_________________ Boc2O, Et3N, DMAP, DCM 

~Er 

Br H KOHDMSO Br rtovernight Br 
rtovernight IPMB 

0 

Boc Boc Boc 0 0 N 
N ' I N B-B 

CH3I, NaH, THF , N1 ______________ 0 0 ___________________________ 

rt,5h Pd(PPh3)2012,KOAcDMSOH0~ Cu(OAc)2,Et3NDOM 
0 U 

U PMB 600,overnight OH PMB rtovernight 

Boc HN~ 
N 

TEA, DOM o 

rt,1h EDOHOBTDIEADMF ~ rtovernight 

N 

TFA 
p 

600 C,2h 

0 F 0 N 

(26) 
I 

[0212] Amixtureof6-bromo-1H-indazol-3-amine(3.00g,14.1mmol,1.00eq.), 
4-methoxybenzylchloride(2.88g,18.4minol,1.30eq.),KOH(1.98g,35.3mmol,2.49eq.) 

andDMSO(100mL)wasstinedforovernightatrt. Themixturewasdilutedwithethyl 

acetate(100mL)andwashedwithwater(3x100mL).Theorganiclayerwasdriedover 

anhydroussodiumsulfate. Afterfiltration thefiltratewasconcentratedunderreduced 

pressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwithethyl 
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NH NH



WO2022/115384 PCT/IiS2021/060366 

acetate:petroleuniether(1:2)toafford6-bronio-1-[(4-niethoxyphenyl)niethyl]indazol-3

amine(4.10g,91%yield)asalightyellowsolid.LCMS(ESImlz):332[M+H]~.  

[0213] A mixture of 6-bromo-1- [(4-methoxyphenyl)methyl]indazol-3- amine 
e 

(4.10g,12.3mmol,1.00eq.),Boc2O(3.23g,14.8mmol,1.20eq.),triethylamine(2.50g, 

24.7mmol,2.00eq.),DMAP(0.302g,2.47mmol,0.20eq.)anddichloromethane(100mL) 

wasstirredforovernightatrt. Thereactionwasquenchedwithwater(100mL). The 

mixturewasextractedwithdichloromethane(3x100mL). Theorganiclayerswere 

combinedwashedwithwater(3x50mL),driedoveranhydroussodiumsulfatefilteredand 

concentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatographyelutedwithethylacetate:petroleumether(1:3)toaffordtert-butylN-{6

bromo-1-[(4-methoxyphenyl)methyl]indazol-3-yl}carbamate(3.28g,78%yield)asayellow 

solid.LCMS(ESImlz):432[M+H]~.  

[0214] Sodiumhydride(0.910g,22.8mmol,3.00eq.,60%dispersioninmineral 

oil)wasaddedtoamixtureoftert-butylN-{6-bromo-1-[(4-methoxyphenyl)methyl]indazol

3-yl}carbamate(3.28g,7.59mmol,1.00eq.)andtetrahydrofuran(100mL)at0 0 C.The 

mixturewasstinedfor30mm atrt.lodomethane(1.29g,9.10mmol,1.20eq.)wasadded, 

themixturewasstinedfor4hatrt.Thereactionwasquenchedwithwater(100mL).The 

mixturewasextractedwithethylacetate(3x100mL).Theorganiclayerswerecombined, 

washedwithwater(3x100mL),driedoveranhydroussodiumsulfatefilteredand 

concentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

bromo-1- [(4-methoxyphenyl)methyl]indazol-3-yl}-N-methylcarbamate(2.70g, 79%yield) 

asayellowsolid.LCMS(ESImlz):446[M+H]~.  

[0215] Amixtureoftert-butylN-{6-bromo-1-[(4-methoxyphenyl)methyl]indazol

3-yl}-N-methylcarbamate(1.00g,2.24mmol,1.00eq.),2-(5,5-dimethyl-1,3,2-dioxaborinan

2-yl)-5,5-dimethyl-1,3,2-dioxaborinane (1.52 g 6.72 mmol, 3.00 eq.), 

bis(triphenylphosphine)palladiumchloride(0.157g,0.224mmol,0.100eq.),KOAc(0.660 

g,6.72mmol,3.00eq.)andDM50(10mL)wasstirredovernightat60 0 Cunderanitrogen 

atmosphere. Thereactionwasquenchedwithwater(50mL). Themixturewasextracted 

withethylacetate(3x100mL).Theorganiclayerswerecombinedwashedwithwater(3x 

100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 
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chromatographyelutedwithethylacetate:petroleumether(1:2)toaffordtert-butylN-{6-
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pressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwithethyl 

acetate:petroleumether(1:2)toaffordthecrudeproduct. Theresiduewaspurifiedby 

reverseflashchromatographywiththefollowingconditions:columnCiscolumnmobile 

phaseacetonitrileinwater(0.05%TFA),10%to50%gradientin20mm toafford3-Rtert

butoxycarbonyl)(methyl)amino]- 1- [(4-methoxyphenyl)methyl]indazol-6-ylboronicacid(740 

mg,84%yield)asawhitesolid.LCMS(ESImlz):412[M+H]~.  

[0216] A mixture of 3- [(tert-butoxycarbonyl)(methyl)amino]- 1- [(4

methoxyphenyl)methyl]indazol-6-ylboronicacid(324mg,0.788mmol,1.20eq.),tert-butyl 

5-benzyl-8-oxo-2,3,7,12-tetraazatricyclo[7.4.0.OA{2,6}]trideca-1(9),3,5-triene-12-carboxylate 

(250mg,0.657mmol, 1.00eq.),cupricacetate(119mg,0.657mmol, 1.00eq.), 
I.  

triethylamine(199mg,1.97mmol,3.00eq.)anddichloromethane(30mL)wasstirredfor 

overnightatrtunderanoxygenatmosphere.Thereactionwasquenchedwithwater(50mL).  

Themixturewasextractedwithdichloromethane(3x50mL). Theorganiclayerswere 

combinedwashedwithwater(3x50mL),driedoveranhydroussodiumsulfatefilteredand 

concentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatographyelutedwithethylacetate:petroleumether(1:2)toaffordthecrudeproduct.  

Thecrudeproductwaspurifiedbyprep-HPLCwiththefollowingconditions:Column: 

XBridgeShieldRP18OBDColumn,19x 150mm,5um'MobilePhaseA:Water(10 
ACN, 

mmol/LNH4 HCO3 +0.1%NH3 .H2 0),MobilePhaseB: S Flowrate: 25rnL/min' 
Gradient: 70% B to 92% B in 9 mm to afford tert-butyl 5-benzyl-7-{3-[(tert

tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5-triene-12-carboxylate(180mg,37%yield)as 

awhitesolid.LCMS(ESImlz):746[M+H]~.  

[0217] A mixture of tert-butyl 5-benzyl-7-{3-[(tert

butoxycarbonyl)(methyl)amino]- 1- [(4-methoxyphenyl)methyl]indazol-6-yl}- S-oxo-2,3,7,12

tetraazatricycloL7.4.0.OA{2,61]trideca-1(9),3,5-triene-12-carboxylate(180mg,0.241mmol, 

1.00eq.),trifluoroaceticacid(3mL)anddichloromethane(15mL)wasstirredfor1hatrt.  

The mixture was concentratedunderreducedpressure to afford5-benzyl-7-{1-[(4

methoxyphenyl)methyl]- 3-(methylamino)indazol-6-yl}-2,37,12

tetraazatricycloL7.4.0.OA{2,61]trideca-1(9),3,5-trien-8-onetrifluoroaceticacidsalt(150mg, 

crude)asalightyellowoil.LCMS(ESImlz):546[M+H-TFA]~.  

133 

butoxycarbonyl)(methyl)amino]- 1- [(4-methoxyphenyl)methyl]indazol-6-yl}- 8-oxo-2,3,7,12-
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[0218] A mixture of 5-benzyl-7-{1-[(4-methoxyphenyl)methyl]-3

(methylamino)indazol-6-yl}-2,3,7,~ 

one trifluoroacetic acid salt (150 mg, 0.227 mmol 1.00 eq.), 4-brorno-3

(trifluoromethyl)benzoicacid(69.0mg,0.256mmol,1.12eq.),EDCI(67.0rug,0.350mmol, 

1.54eq.),HOBt(47.2mg,0.350nimol,1.54eq.),NN-diisopropylethylamine(90.4rug, 

0.699rumol,3.08eq.)andDMF(20mL)wasstirredforovernightatrt.Thereactionwas 

quenchedwithwater(100mL).Themixturewasextractedwithethylacetate(3x100ruL).  

Theorganiclayerswerecombinedwashedwithwater(3x100ruL),driedoveranhydrous 

sodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewaspurified 

bysilicagelcolumnchromatographyelutedwithethylacetate:petroleumether(4:1)to 

afford5-benzyl-12-[4-bromo-3-(trifluoromethyl)benzoyl]-7- {1- [(4-methoxyphenyl)methyl]
e 

3-(methylamino)indazol-6-yl}-2,3,7,12~tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-trien

8-one(170rug,94%yield)asalightyellowsolid.LCMS(ESImlz):796[M+H]~.  

[0219] Amixtureof5-benzyl-12-[4-bromo-3-(trifluoromethyl)benzoyl]-7-{1-[(4

methoxyphenyl)methyl]- 3-(methylamino)indazol-6-yl}-2,3,7,12

tetraazatricyclo[7.4.O.OA{2,6I]trideca~1(9),3,5~trien~8~one(160mg,0.201mmol,1.00eq.) 

andtrifluoroaceticacid(20ruL)wasstinedfor2hat60 0 Candthenconcentratedunder 

reducedpressure. Theresiduewaspurifiedbyprep-HPLCwiththefollowingconditions: 

Column:XBridgeShieldRhsOBDColumn,30x150mm,5um'MobilePhaseA:Water 

(10mmol/LNH4HCO3+O.1%NH3.H20),MobilePhaseB:ACN'Flowrate:60ruL/min' 

e 

(trifluoromethyl)benzoyl]-7-II3-(methylamino)-1H-indazol-6-yl]-2,3,7,12

tetraazatricyclo[7.4.O.OA{2,61]trideca-1(9),3,5-trien-8-one(26)(68.8rug,51%yield)asa 

whitesolid.LCMS(ESImlz):676[M+H]~. 1 HNMR(400MHzCDCl 3 )67.96-7.79(in, 

2H),7.63-7.35(in,3H),7.16-7.03(in,3H),6.89(in,2H),6.61(s,2H),5.35-4.72(in,2H), 

4.30-3.63(in,3H),3.08(in,4H),2.85(in,3H).  
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Gradient: 46% B to 66% B in 7 e to afford 5-benzyl-12-[4-bromo-3-
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Example29 
12-(4-bromo-3-chloro-benzoyl)-5-(cyclopropylmethyl)-7-L3-(methylamino)-1H-indazol-6

yl]-2,3,7,12~tetrazatricyclo[7.4.O.OA2,6]trideca-1(9),3,5-trien-S-one(27) 

NHMe 

N 
0 

N 

Br 

CI 0 N 

[0220] Thetitlecompoundwasobtainedfollowingasimilarroutereportedin 

Example28, using tert-butyl3- (cyclopropylmethyl)-5-oxo-5,6,7,9-tetrahydropyrazolo1,5

a]pyridoL4,3-e]pyrimidine-S(4H)-carboxylateinplaceoftert-butyl3-benzyl-5-oxo-5,6,7,9

tetrahydropyrazolo1,5-a]pyridoL4,3-e]pyrimidine-S(4H)-carboxylate, and 4-bromo-3

chlorobenzoicacidinsteadof4-bromo-3-(trifluoromethyl)benzoicacid. LCMS(ESIm/z): 

608.10LM+H]~Brpattern. 1 HNMR(400MHzDMSO-d 6 )611.69(s,1H),8.01-7.61(in, 

4H),7.44(iniH),7.33(s,1H),6.55(dJ S.6Hz,1H),6.14(qJ 5.0Hz1H),5.05-4.70 

(in,2H),4.00-3.55(in,2H),2.90(dJ 5.0Hz,3H),2.62-2.54(in,2H),1.39(in,2H),0.64

0.45(in,1H),0.32-0.14(in,2H),-0.12--0.25(in,2H).  

Example30 
12-[4-bromo-3-(trifluoromethyl)benzoyl]-5-(cyclopropylmethyl)-7-[3- (methylamino)-1H

NHMe 

N 
0 

N 

F3C N 

[0221] Thetitlecompoundwasobtainedfollowingasimilarroutereportedin 

Example25, using tert-butyl3- (cyclopropylmethyl)-5-oxo-5,6,7,9-tetrahydropyrazolo1,5

a]pyridoL4,3-e]pyrimidine-S(4H)-carboxylateinplaceoftert-butyl3-benzyl-5-oxo-5,6,7,9

tetrahydropyrazoloLi,5-a]pyridoL4,3-e]pyrimidine-S(4H)-carboxylate. LCMS(ESIm/z): 

640.15LM+H]~Brpattern. 1 HNMR(400MHzCDCl3)67.93-7.53(in,2H),7.79-7.50(in, 
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indazol-6-yl]-2,3,7,12~tetrazatricyclo[7.4.0.0A2,6]trideca~1(9),3,5-trien-S-one(25)
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3H),7.22(s,1H),6.88(hrs 1H),5.40-4.67(ni,2H),4.22-3.62(ni,2H),3.10(s,3H),2.81 

(hrs 2H),1.42(dJ 6.9Hz2H),0.67-0.49(in, 1H),0.40-0.25(in,2H),-0.10--0.26(in, 

2H).  

Exainpie31 

5-L5-beuzyl-12-L4-broino-3-(trifluoroinethyl)benzoyl]-8-oxo-2,3,7,12
tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]-N,2-diinethyl-pyrazole-3-carboxamide 

(29) 
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[0222] A 250 inL round-bottoin flask was charged with diinethyl 

acetylenedicarboxylate(4.00g,28.1icnrnol,1.00eq.),MeOH(50inL)andwater(50icnL).  

Et3N(5.70g,56.3nunol,2.00eq.)wasaddedslowlyatrt.Thesolutionwasstirred30ininat 
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rt. Methyihydrazinesulfuricacidsalt(6.09g,42.2mniol,1.50eq.)wasaddedandthe 

mixturewasstirredfor22hat70 0 C.Themixturewasdilutedwithwater(200mL),and 

thenacidifiedtopH6withHCl(aq.1.00inol/L). Themixturewasextractedwithethyl 

acetate(3x100mL).Theorganiclayerswerecombinedwashedwithwater(3x50mL), 

driedoveranhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.The 

residue was purified by silica gel column chromatography, eluted with ethyl 

acetate:petroleumether(4:1)toaffordmethyl5-hydroxy-2-methylpyrazole-3- carboxylate 

(1.82g,41%yield)asabrowncrudesolid.LCMS(ESImlz):157[M+H]~.  

[0223] A250mLround-bottomflaskwaschargedwithmethyl5-hydroxy-2

methylpyrazole-3-carboxylate(1.20g,7.69mmol,1.00eq.),pyridine(0.910g,11.5mmol, 

1.50eq.)anddichloromethane(60mL)at0 0 C.Triflicanhydride(3.25g,11.5mmol,1.50 

eq.)wasaddeddropwiseat0 0 C.Thesolutionwasstinedfor2hatrt.Thereactionwas 
e 

quenchedwithwater(100mL). Themixturewasextractedwithdichloromethane(3x100 

mL).Theorganiclayerswerecombineddriedoveranhydroussodiumsulfatefilteredand 

concentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatographyelutedwithethylacetate:petroleumether(5:4)toaffordmethyl2-methyl-5

(trifluoromethanesulfonyloxy)pyrazole-3-carboxylate(0.650g,29%yield)asayellowoil.  

LCMS(ESImlz):289[M+H]~.  

[0224] A100mEround-bottomflaskwaschargedwithmethyl2-methyl-5

(trifluoromethanesulfonyloxy)pyrazole-3-carboxylate(500mg,1.74mmol,1.00eq.),2-(5,5

2.00eq.),Pd(dppf)C12.CH2Cl2(70.7mg,0.087mmol,0.05eq.),potassiumacetate(511mg, 

5.21mmol,3.00eq.),dppf(47.9mg,0.09mmol,0.05eq.)and1,4-dioxane(50mL).The 

solutionwasstirredovernightat80 0 Candthenconcentratedunderreducedpressure.The 

mixturewasdilutedwithwater(100mL)andextractedwithethylacetate(3x100mL).The 

organiclayerswerecombinedwashedwithwater(3x50mL),driedoveranhydroussodium 

sulfatefilteredandconcentratedunderreducedpressure.Thecrudeproductwaspurifiedby 

prep-HPLCwiththefollowing S Column:XBridgePrepOBDCisColumn,30x 

150mm5um'MobilePhaseA:Water(0.05%TFA),MobilePhaseB:ACN;Flowrate:60 
e 

, Gradient: 32%Bto65%B in 10mm toafford5-(methoxycarbonyl)-1
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dimethyl-1,3,2-dioxaborinan-2-yl)-5,5-dimethyl-1,3,2-dioxaborinane(784mg,3.47mmol,
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methylpyrazol-3-ylboronicacid(106mg,33%yield)asayellowsolid.LCMS(ESImlz): 

185[M+H]~.  

[0225] A100ruLround-bottomflaskwaschargedwithtert-butyl5-benzyl-8

oxo-2,3,7,12~tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-triene-12-carboxylate(300mg, 

0.789mmol,1.00eq.),5-(methoxycarbonyl)-1-methylpyrazol-3-ylboronicacid(216mg, 

1.183mmol,1.50eq.),Cu(OAc)2(286mg,1.58mmol,2.00eq.),trimethylamine(239mg, 

2.37mmol,3.00eq.)anddichloromethane(50mL).Themixturewasstirredfor2daysatrt 

underanoxygenatmosphere.Thereactionwasquenchedwithwater(100mL).Themixture 

wasextractedwithdichloromethane(3x100mL).Thecombinedorganiclayersweredried 

overanhydroussodiumsulfate filteredandconcentratedunderreducedpressure. The 

residue was purified by silica gel column chromatography, eluted with ethyl 

acetate:petroleum ether (2:1) to afford tert-butyl 5-benzyl-7-[5-(methoxycarbonyl)-1

methylpyrazol-3-yl]-8-oxo-2,3,7,12-tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-triene-12

carboxylate(32.7mg,8%yield)asayellowsolid.LCMS(ESImlz):519[M+H]~.  

[0226] A100mLround-bottomflaskwaschargedwithtert-butyl5-benzyl-7-[5

(methoxycarbonyl)-1-methylpyrazol-3-yl]-8-oxo-2,3,7,12~tetraazatricyclo[7.4.O.OA{2,61] 

trideca-1(9),3,5-triene-12-carboxylate(50.0mg,0.096mmol,1.00eq.)andmethanol(30 

mL). Methylamine(30-33wtinabsoluteethanol,1.00mL)wasaddeddropwise. The 

solutionwasstinedfor6hatrtandthenconcentratedunderreducedpressuretoaffordtert

butyl 3-benzyl-4-(1-methyl-5-(methylcarbamoyl)-1H-pyrazol-3-yl)-5-oxo-5,6,7,9

yellowoil. LCMS(ESImlz):518[M+H]~.  

[0227] A100mLroundbottomflaskwaschargedwithtert-butyl5-benzyl-7-[1

methyl-5-(methylcarbamoyl)pyrazol-3-yl]-S-oxo-2,3,7,12

tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5-triene-12-carboxylate(100mg,0.193mmol, 

1.00eq.),dichloromethane(30mL)andtrifluoroaceticacid(6mL).Thesolutionwasstirred 

for2hatrtandthenconcentratedunderreducedpressuretoafford3-(3-benzyl-5-oxo

6,7,8,9-tetrahydropyrazoloL1,5-a]pyridoL4,3-e]pyrimidin-4(5H)-yl)-N,1-dimethyl-1H

pyrazole-5-carboxamidetrifluoroaceticacidsalt(100mgcrude)asayellowoil. LCMS 

(ESImlz):418LM+H-TFA]~.  
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tetrahydropyrazoloII1,5- a]pyrido[4,3-e]pyrimidine-S(4H)-carboxylate(27.0mgcrude)asa
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[0228] A100mEroundbottomflaskwaschargedwith5-{5-benzyl-8-oxo

2,3,7,12~tetraazatricyc1o[7.4.O.OA{2,6}]trideca-1(9),3,5-trien-7-yl}-N,2-dimethylpyrazole-3

carboxamide(100mg,0.188mmol,1.00eq.),4-bromo-3-(trifluoromethyl)benzoicacid(96.7 

mg,0.360mniol,1.91eq.),EDCI(68.9rug,0.360mniol,1.91eq.),HOBt(48.6mg,0.360 

mmol,1.91eq.),DIBA(121mg,0.940mmol,5.00eq.)andDMF(5niL)atrt.Themixture 

wasstirredforovernightatrt.Thereactionwasquenchedwithwater(50mL).Themixture 

wasextractedwithethylacetate(3x100mL).Theorganiclayerswerecombinedwashed 

withwater(3x100mL),driedoveranhydroussodiumsulfatefilteredandconcentrated 

underreducedpressure.Themixturewasconcentratedunderreducedpressure.Theresidue 

waspurifiedbysilicagelcolumnchromatographyelutedwithethylacetate:petroleum(9:1) 

toaffordthecrudeproduct.Thentheproductwasseparatedbyprep-HPLC:Column: 

XBridgeShieldRPi 8 OBDColumn,19x 150mm,5um'MobilePhaseA:Water(10 
ACN, 

mmol/LNH4 HCO3 +0.1%NH3 .H2 0),MobilePhaseB: S Flowrate: 25rnL/min' 
Gradient: 45% B to 65% B in 9 e to afford 5-{5-benzyl-12-[4-bromo-3

(trifluoromethyl)benzoyl]- 8-oxo-2,3,7,12-tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5

trien-7-yl}-N,2-dimethylpyrazole-3-carboxamide(29)(12.8mg,10%yield). 1 HNMR(300 

MHzCDCl3 )67.83(dJ S.8Hz,2H),7.52(dJ S.'Hz2H),7.17(in,3H),6.83(dJ 

7.2Hz2H),6.17(s,1H),5.84(s,1H),5.14(s,2H),4.09(s,3H),3.73(s,2H),3.30(s,2H), 

2.87(dJ 4.8Hz,3H),2.73(s,2H).LCMS(ESImlz):668[M+H]~.  

5-benzyl-12-[4-bromo-3- (trifluoromethyl)benzoyl]-7-[3-(methylamino)-II1,2,4]triazolo[4,3
a]pyridin-7-yl]-2,3,7,12~tetrazatricyclo~7.4.O.OA2,6]trideca-1(9),3,5-trien-8-one(30) 

NHMe 

N 
0 I N N 

N 

0 

[0229] Thetitlecompoundwasobtainedfollowingasimilarprocedurereported 

inExample25,using4-bromo-3-(trifluoromethyl)benzoicacidinplaceof4-bromo-3

chlorobenzoicacidinthelaststep.LCMS(ESIm/z):679.10LM+H]~Brpattern. 1 HNMR 
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Example32
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(300MHzCDC1 3 )S7.84(dJ S.lHz2H),7.60-7.50(ni,2H),7.41(s,1H),7.31(dJ 7.2 

1H),7.12-6.90(in,4H),6.51(dJ 7.2Hz2H),6.25-6.00(in,1H),5.42-4.70(in,2H),4.46

4.22(in,1H),3.80-3.60(in,2H),3.35(dJ 16.5Hz1H),3.25(s,3H),2.73(hrs,2H).  

Exaniple33 
5-beuzyl-12-(4-bronio-3-chloro-benzoyl)-7-L4-(4,5-diniethyl-1,2,4-triazol-3-yl)phenyl]

2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-8-one(31) 

N~N 
trw 

N 

0 

N 

Br 

N 
0 

[0230] Thetitleconipoundwasobtainedfollowingasimilarprocedurereported 

inExaniple2,using(4-(4,5-diniethyl-4H-1,2,4-triazol-3-yl)phenyl)boronicacidinplaceof 

(4-(4-niethyl-4H-1,2,4-triazol-3-yl)phenyl)boronicacid. LCMS(ESIm/z):670.10[M+H]~ 

Brpattern.1 HNMR(300MHzCDCl 3 )S7.73(dJ 8.2Hz1H),7.67-7.62(in,3H),7.48 

(hrs1H),7.32-7.27(in,3H),7.17-7.05(in,3H),6.71(dJ 6.5Hz2H),5.20-4.75(in,2H), 

3.79(in,2H),3.60(s,3H),3.15(s,2H),2.74(hrs,2H),2.54(s,3H).  

Exainple34 

yl)phenyl]-2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca~1(9),3,5-trien-8-one(32) 

NN 
I

N 

0 

N 

Br 

F30 0 N 

[0231] Thetitleconipoundwasobtainedfollowingasimilarprocedurereported 

inExainple1using(4-(4,5-diinethyl-4H-1,2,4-triazol-3-yl)phenyl)horonicacidinplaceof4

(inethylcarhainoyl)phenylhoronicacid. LCMS(ESIm/z):704.15[M+H]~Brpattern.  
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5-henzyl-12-L4-hroino-3-(trifluoroniethyl)henzoyl]-7-L4-(4,5-diinethyl-1,2,4-triazol-3-
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NMR(300MHzCDC1 3 )67.84(dJ S.4Hz,2H),7.66(dJ 8.1Hz2H),7.57-7.44(in, 

2H),7.31(dJ 8.1Hz, 2H),7.18-7.06(in,3H),6.70(dJ 6.5Hz2H),5.23-4.75(in,2H), 

3.81(in,2H),3.61(s,3H),3.16(s,2H),2.75(hrs,2H),2.55(s,3H).  

Exainpie35 
5-benzyl-12-L4-broino-3-(trifluoroinethyl)benzoyl]-7- L4-(3-inethyliinidazol-4-yl)phenyl]

2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-8-one(33) 

N 

N 

0 

N 

Br 

N 
0 

[0232] Thetitlecoinpoundwasobtainedfollowingasiinilarprocedurereported 

1H-imidazol-5-yl)phenyl)boronicacidinplaceof4
inExainple1, using(4-(1-inethyl- e 

(inethylcarbainoyl)phenylboronicacid. LCMS(ESIm/z):689.10[M+H]~Brpattern.  

NMR(300MHzCDCl 3 )67.91-7.78(in,2H),7.61(s,1H),7.53(dJ 8.9Hz,2H),7.42

7.32(in,2H),7.25-7.16(in,3H),7.16-7.07(in,3H),6.75-6.63(in,2H),5.25-4.75(in,2H), 

3.84(in,2H),3.69(s,3H),3.18(s,2H),2.76(hrs,2H).  

Exainple36 

2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-8-one(34) 

A N 

0 

N 

'I 

F30 0 N 

[0233] Thetitlecoinpoundwasobtainedfollowingasiinilarprocedurereported 

inExainple1, using(4-(5-inethyl-1H-1,2,3-triazol-1-yl)phenyl)boronicacidinplaceof4

(inethylcarbainoyl)phenylboronicacid. LCMS(ESIm/z):688.20[M+H]~Brpattern.  
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5-benzyl-12-L4-broino-3-(trifluoroinethyl)benzoyl]-7- L4-(5-inethyltriazol-1-yl)phenyl]-
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NMR(300MHzCDC1 3 )67.84(dJ 8.7Hz2H),7.61(dJ 1.0Hz,1H),7.54(dJ 7.2 

Hz,2H),7.50-7.43(in,2H),7.35-7.27(in,2H),7.20-6.99(in,3H),6.80-6.57(in,2H),5.25

4.75(ni,2H),4.1-3.65(in,2H),3.23(s,2H),2.76(hrs,2H),2.39(s,3H).  

Example37 
5-benzyl-12-L4-bromo-3- (trifluoromethyl)benzoyl]-7-L4-(4-methyl-1H-triazol-5-yl)phenyl]

2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-8-one(35) 
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[0234] Toamixtureof4-bromobenzaldehyde(19.0g,103mmol,1.00eq.), 

sodiumazide(8.37g,128mmol,1.25eq.)inDMF(1L)wasaddeddropwiseaceticacid 

(1.50mL,25.7mmol,0.25eq.)carefullyundernitrogen.Themixturewasstirredfor3hat 

1000 Cundernitrogen. Thereactionwasquenchedwithwater(2L). Themixturewas 

extractedwithethylacetate(3x1L).Theorganiclayerswerecombinedwashedwithwater 

(3x1L),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwith0-53% 

ethylacetateinpetroleumethertoafford5-(4-bromophenyl)-4-methyl-1H-1,2,3-triazole 

(20.9g,86%yield)asayellowsolid.LCMS(ESImlz):238[M+H]~.  

[0235] Toamixtureof5-(4-bromophenyl)-4-methyl-1H-1,2,3-triazole(20.9g, 

87.8mmol,1.00eq.)andCs2CO3(114g,351mmol,4.00eq.)inacetonitrile(1L)wasadded 
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nitroethane(22.0mL,308mmol,3.00eq.),NH4OAc(8.01g,103mmol,1.00eq.)and
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dropwise1-(chloromethyl)-4-methoxybenzene(41.4g,263mniol,3.00eq.)at0 0 C. The 

mixturewasstirredfor16hatrt.Thereactionwasquenchedwithwater(2L).Themixture 

wasextractedwithethylacetate(3x1L).Theorganiclayerswerecombinedwashedwith 

water(3xlL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwith0-20% 

ethylacetateinpetroleumethertoafford5-(4-bromophenyl)-1-(4-methoxybenzyl)-4-methyl

1H-1,2,3-triazole(18.2g,58%yield)asayellowsolid.LCMS(ESImlz):358[M+H]~.  

[0236] Toamixtureof5-(4-bromophenyl)-1-(4-methoxybenzyl)-4-methyl-1H

1,2,3-triazole(7.16g,20.0mmol,1.00eq.),5,5,5',5'-tetramethyl-2,2'-bi(1,3,2-dioxaborinane) 

(9.04g,40.00mmol,2.00eq.)andpotassiumacetate(9.82g,100mmol,5.00eq.)in1,4

dioxane(140mL)wasaddedPd(dppf)C12.CH2Cl2(1.63g,2.00mmol,0.10eq.). The 

mixturewasstinedfor3hat100 0 C. Thesolidswerefilteredoff Thefiltratewas 

concentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatographyelutedwith0-32% ethylacetateinpetroleumethertoaffordthe 

correspondingboronicester.Thecorrespondingboronicesterwaspurifiedbyreversephase 

chromatographywithfollowingcondition:Column:AgelaC18Column,330g;MobilePhase 

A:Water(0.05%TFA),MobilePhaseB:ACN;Flowrate:60 , Gradient:0%Bto 

72% B in 40 mm to afford(4-(1-(4-methoxybenzyl)-4-methyl-1H-1,2,3-triazol-5

yl)phenyl)boronicacid(5.01g,78%yield)asagraywhitesolid. LCMS(ESImlz):324 

[M+H]~.  

a]pyrido[4,3-e]pyrimidine-8(4H)-carboxylate(5.16g,13.6mmol,1.00eq.)and(4-(1-(4

methoxybenzyl)-4-methyl-1H-1,2,3-triazol-5-yl)phenyl)boronicacid(4.82g, 14.9mmol, 

1. 10eq.)inDMF(100mL)wereaddedcopper(II)trifluoromethanesulfonate(9.82g,27.1 

nunol,2.00eq.)andpyridine(5.5mL,67.8minol,5.00eq.)atrt.Themixturewasstinedfor 

16hat600 Cunderoxygenandthenconcentratedunderreducedpressure.Theresiduewas 

purifiedbysilicagelcolumnchromatographyelutedwith0-68%ethylacetateinpetroleum 

ether.Theproductwasre-purifiedbyreversephasechromatographywithfollowing 

condition:Column:AgelaC18Column,330g;MobilePhaseA:Water(10mMNH4HCO3), 

MobilePhaseB'ACN;Flowrate:60mE/mm'Gradient:0%Bto89%Bin40mm toafford 

tert-butyl 3-benzyl-4-(4-(1-(4-methoxybenzyl)-4-methyl-1H-1,2,3-triazol-5-yl)phenyl)-5
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[0237] Toamixtureoftert-butyl3-benzyl-5-oxo-5,6,7,9-tetrahydropyrazolo[1,5-



WO2022/115384 PCT/IiS2021/060366 

oxo-5,6,7,9-tetrahydropyrazoloII1,5-a]pyrido[4,3-e]pyrimidine-S(4Th-carboxylate (3. 10 

35%yield)asalightyellowsolid.LCMS(ESImlz):658[M+H]~.  

[0238] Toasolutionoftert-butyl3-benzyl-4-(4-(1-(4-methoxybenzyl)-4-methyl

1H-1,2,3-triazol-5-yl)phenyl)-5-oxo-5,6,7,9-tetrahydropyrazolo[1,5-a]pyrido[4,3

e]pyrimidine-8(4H)-carboxylate(3.10g,4.72nrniol,1.00eq.)inDCM(135niL)wasadded 

TFA(27mL)dropwiseat0 0 C.Themixturewasstirredfor1hatrtandthenconcentrated 

underreducedpressuretoafford3-benzyl-4-(4-(1-(4-methoxybenzyl)-4-methyl-1H-1,2,3

triazol-5-yl)phenyl)-6,7,S,9-tetrahydropyrazoloII1,5-a]pyrido[4,3-e]pyrimidin-5(4H)-one 

trifluoroaceticacidsalt(3.20gcrude)asalightbrownoilwhichwasusedinthenextstep 

withoutanyfurtherpurification.LCMS(ESImlz):558[M+H-TFA]~.  

[0239] Toasolutionof3-benzyl-4-(4-(1-(4-methoxybenzyl)-4-methyl-1H-1,2,3

triazol-5-yl)phenyl)-6,7,S,9-tetrahydropyrazoloII1,5-a]pyrido[4,3-e]pyrimidin-5(4H)-one 

trifluoroacetic acid salt (3.20 g, 4.76 mmol assumed, 1.00 eq.) and 4-bromo-3

(trifluoromethyl)benzoicacid(1.52g,5.66mmol,1. 19eq.)inDMF(90mL)wereadded 

EDCI(2.26g,11.8mmol,2.48eq.),HOBt(1.91g,14.2mmol,2.98eq.)andDIBA(6.14g, 

47.6mmol,10.0eq.)at0 0 C. Themixturewasstinedfor16hatrt. Thereactionwas 

quenchedwithwater(400mL).Themixturewasextractedwithethylacetate(3x1L).The 

organiclayerswerecombinedwashedwithwater(3x1L),driedoveranhydroussodium 

sulfatefilteredandconcentratedunderreducedpressure.Theresiduewaspurifiedbysilica 

gelcolumnchromatographyelutedwith0-74%ethylacetateinpetroleumethertoafford3

1,2,3-triazol-5-yl)phenyl)-6,7,S,9-tetrahydropyrazoloII1,5-a]pyrido[4,3-e]pyrimidin-5(4Th

one(3.15g,82%yield)asalightyellowsolid.LCMS(ESImlz):808[M+H]~.  

[0240] A suspension of3-benzyl-8-(4-bromo-3-(trifluoromethyl)benzoyl)-4-(4

(1-(4-methoxybenzyl)-4-methyl-1H-1,2,3-triazol-5-yl)phenyl)-6,7,8,9
tetrahydropyrazoloLl,5-a]pyridoL4,3-e]pyrimidin-5(4H)-one(3.15g,3.90mmol,1.0eq.)in 

TFA(100mL)wasstirredfor4hat50 0 Candthenconcentratedunderreducedpressure.  

Theresiduewaspurifiedbyreversephasechromatographywithfollowingcondition: 

Column:AgelaCisColumn,330g;MobilePhase S Water(10mmol/LNH4HCO3),Mobile 

PhaseB'ACN;Flowrate:60mL/min'Gradient:0%Bto80%Bin50mm toafford3

benzyl-8-(4-bromo-3-(trifluoromethyl)benzoyl)-4-(4-(4-methyl-1H-1,2,3-triazol-5
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benzyl-8-(4-bromo-3-(trifluoromethyl)benzoyl)-4-(4-(1- (4-methoxybenzyl)-4-methyl-1H-
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yl)phenyl)-6,7,S,9-tetrahydropyrazolo[1,5-a]pyrido[4,3-e]pyrimidin-5(4Th-one(35)(2.0390 

g,76%yield)asanoff-whitesolid.LCMS(ESImlz):688[M+H]~. 1 HNMR(400MHz 

CDCl3 )67.88-7.83(in,2H),7.64(dJ 8.8Hz2H),7.56-7.49(ni,2H),7.21(dJ 8.0Hz 

2H),7.15-7.10(ni,3H),6.71(s,2H),5.40-4.80(ni,2H),4.30-3.50(in,2H),3.13(s,2H), 

2.68-2.58(in,2H),2.42(s,3H).  

Example38 
5-beuzyl-12-L4-bromo-3-(trifluoromethyl)benzoyl]-7-L4-(5-methyl-1,2,4-triazol-1

yl)phenyl]-2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca~1(9),3,5-trien-8-one(36) 

N<\N 
N1 

0 

N 

Br 

N 
0 

[0241] Thetitlecompoundwasobtainedfollowingasimilarprocedurereported 

inExample1, using(4-(5-methyl-1H-1,2,4-triazol-1-yl)phenyl)boronicacidinplaceof4

(methylcarbamoyl)phenylboronicacid. LCMS(ESIm/z):688.10LM+H]~Brpattern.  

NMR(300MHzCDCl 3 )68.02(s,1H),7.89-7.83(in,2H),7.56(dJ 8.2Hz,2H),7.50(d, 

J 8.2Hz2H),7.34-7.25(in,2H),7.20-7.12(in,3H),6.74(in,2H),5.30-4.75(in,2H), 
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4.20-3.65(in,2H),3.23(s,2H),2.78(hrs,2H),2.61(s,3H).
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Example39 
N-methyl-4-Lrac-(11R)-12-L4-bromo-3-(trifluoromethyl)benzoyl]-5-(cyclobutylmethyl)-11

methyl-S-oxo-2,3,7,12-tetrazatricyclo[7.4.O.0A2,6]trideca-1(9),3,5-trien-7-yl]benzamide 
(37a)andN-methyl-4-[rac-(11S)-12-[4-bromo-3-(trifluoromethyl)benzoyl]-5

(cyclobutylmethyl)-11-methyl-S-oxo-2,3,7,12-tetrazatricycloL7.4.O.0A2,6]trideca-1(9),3,5
trien-7-yl]benzamide(37b) 

0 0 

N N 

N 

0 0 

37a 37b 

0 OH 
THPe~N Br THK. Et3 SiH, TFA 

_______________ ~L I 
U 

F' rtovernight n-BuLlTHF 
-l80 CtortIh 

I 
CONHMe ~ 

o H2N CONHMe 
0 

HATUDIEADMF N Pd(dppf)C12,K2C03,dioxane 
rt4h H ~noo~ 16h 

CONHMe 
CONHMe 0 

0 

H K2 003 ,DMF 02,EtONaDMF 

11000 overnight 110o~ 2days 

CONHMe CONHMe 
0 0 

Pd/C, H2, EtOH Boc2O, Et3N, EtOH 
rtovernight overnight 

I 

N 
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N IA0-phenanthroine, Cul
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CONHMe 
CONHMe 

OH 
TFADOM 

0 

'I rt,2h N EDGIHOBtDIEADMF 
N riovernight 

CONHMe 

chiralHPLC 
(37a)+(37b) 

0 
(3m7) 

[0242] A250mEround-bottomflaskwaschargedwith4-bromo-1-(oxan-2

yl)pyrazole(2.50g,10.8mmol,1.00eq.)andTHF(40mL)at-78 0 C.n-BuLi(4.76mE11.9 

midnol,1.10eq.,2.5Minheaxane)wasaddedat-78 0 C.Themixturewasstirredfor0.5hat 

-780 Cunderanitrogenatmosphere.Cyclobutyral(1.00g,11.9mmol,1. 10eq.)wasaddedat 

-780 C.Themixturewasstirredfor1hat-78 0 C.Thereactionwasquenchedwithmethanol 

(10mL)atrt. Themixturewasconcentratedunderreducedpressure. Theresiduewas 

purifiedbysilicagelcolumnchromatographyelutedwithdichloromethane:methanol(10:1) 

toaffordcyclobutylL1-(oxan-2-yl)pyrazol-4-yl]methanol(2.20g,86%yield)asayellow 

solid.LCMS(ESIm/z):237LM+H]~.  

[0243] A250mLround-bottomflaskwaschargedwithcyclobutylL1-(oxan-2

triethylsilane(10mL)atrt.Themixturewasstirredforovernightatrtandthenconcentrated 

underreducedpressure.Thereactionwasquenchedwithwater(40mL)andextractedwith 

ethylacetate(3x50mL).Theorganiclayerswerecombinedwashedwithwater(3x50 

mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.  

Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwithethylacetateto 

afford4-(cyclobutylmethyl)-1H-pyrazole(1.20g,83%yield)asayellowsolid.LCMS(ESI, 

m/z):137LM+H]~.  

[0244] A 250 mL round-bottom flask was charged with 2-bromo-5

fluoropyridine-4-carboxylicacid(4.00g,18.2mmol,1.00eq.),4-amino-N-methylbenzamide 

(3.00 g, 20.0 mmol, 1.1 eq.), HATU (7.60 g, 20.0 mmol 1.10 eq.), NN

diisopropylethylamine(4.68g,36.2mmol,1.99eq.)andDMF(50mL)atrt. Themixture 
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yl)pyrazol-4-yl]methanol(2.50g,10.6mmol,1.00eq.),trifluoroaceticacid(10mL)and
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wasstirredfor4hatrt.Thereactionwasquenchedwithwater(60mL).Themixturewas 

extractedwithethylacetate(3x100mL).Theorganiclayerswerecombinedwashedwith 

water(3x100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunder 

reducedpressure. Theresiduewaspurifiedbysilicagelcolumnchromatographyeluted 

with dichloromethane:methanol (10:1) to afford 2-bromo-5-fluoro-N-[4

(methylcarbamoyl)phenyl]pyridine-4-carboxamide(4.20g,66%yield)asayellowsolid.  

LCMS(ESIm/z):352[M+H]~.  

[0245] A100mLround-bottomflaskwaschargedwith2-bromo-5-fluoro-N-[4

(methylcarbamoyl)phenyl]pyridine-4-carboxamide(3.00g,8.52mmol,1.00eq.),trimethyl

1,3,5,2,4,6-trioxatriborinane(10.7g,42.6mmol,5.00eq.,50%wtinTHF),K 2 C03 (3.53g, 

25.6mmol,3.00eq.),1,1'-bis(diphenylphosphino)ferrocenepalladium(II)dichloride(623mg, 

0.852mmol,0.10eq.)and1,4-dioxane(50mL).Themixturewasstirredfor16hat110 0 C 

underanitrogenatmosphere.Thereactionwasquenchedwithwater(200mL).Themixture 

wasextractedwithethylacetate(3x200mL).Theorganiclayerswerecombinedwashed 

withwater(3x100mL),driedoveranhydroussodiumsulfatefilteredandconcentrated 

underreducedpressure. Theresiduewaspurifiedbysilicagelcolumnchromatography, 

eluted with dichloromethane:methanol (12:1) to afford 5-fluoro-2-methyl-N-[4

(methylcarbamoyl)phenyl]pyridine-4-carboxamide(2.20g,80%yield)asayellowsolid.  

LCMS(ESIm/z):288[M+H]~.  

[0246] A100mLround-bottomflaskwaschargedwith5-fluoro-2-methyl-N-[4

carbonate(3.17g,23.0mmol,3.00eq.),4-(cyclobutylmethyl)-1H-pyrazole(1.20g,8.76 

mmol, 1. 14eq.)andDMF(20mL)atrt.Themixturewasstinedforovernightat110 0 C 

underanoxygenatmosphere.Thereactionwasquenchedwithwater(100mL).Themixture 

wasstinedfor4hatrt.Thereactionwasquenchedwithwater(100mL).Themixturewas 

extractedwithethylacetate(3x100mL).Theorganiclayerswerecombinedwashedwith 

water(3x100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunder 

reducedpressure. Theresiduewaspurifiedbysilicagelcolumnchromatographyeluted 

with ethyl acetate to afford 5-L4-(cyclobutylmethyl)pyrazol-1-yl]-2-methyl-N-[4

(methylcarbamoyl)phenyl]pyridine-4-carboxamide(2.10g,68%yield)asayellowsolid.  

LCMS(ESIm/z):404[M+H]~.  
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(methylcarbamoyl)phenyl]pyridine-4-carboxamide(2.20g,7.66mmol,1.00eq.),potassium
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[0247] A 250 niL round-bottom flask was charged with 5-14

(cyclobutylmethyl)pyrazol-1-yl]-2-methyl-N-[4-(methylcarbamoyl)phenyl]pyridine-4

carboxamide(2.00g,4.96mmol,1.00eq.),copper(I)iodide(0.280g,1.49mmol,0.30eq.), 

1,10-phenanthroline(0.268g,1.49mmol,0.30eq.),sodiumethylate(1.01g,14.9mmol, 

3.00eq.)andDMF(20mL)atrt. Themixturewasstirredfor2daysat110 0 Cunderan 

oxygenatmosphere. Thereactionwasquenchedwithwater(100mL). Themixturewas 

extractedwithethylacetate(3x100mL).Theorganiclayerswerecombinedwashedwith 

water(3x100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunder 

reducedpressure. Theresiduewaspurifiedbysilicagelcolumnchromatographyeluted 

with dichloromethane:methanol (10:1) to afford 4-(3-(cyclobutylmethyl)-7-methyl-5

oxopyrazoloII1,5-a]pyrido[4,3-e]pyrimidin-4(5H)-yl)-N-methylbenzamide(780 mg, 39% 

yield)asayellowsolid.LCMS(ESIm/z):402[M+H]~.  

[0248] A100mLround-bottomflaskwaschargedwith4-(3-(cyclobutylmethyl)

7-methyl-S-oxopyrazoloII1,5- a]pyrido[4,3-e]pyrimidin-4(5H)-yl)-N-methylbenzamide (760 

mg,1.89mmol,1.00eq.),ethanol(100mL)and10%Pd/C(200mg)atrt.Themixturewas 

stirredforovernightatrtunderahydrogenatmosphere(2-3atm). Thesolidswerefiltered 

offandthefiltercakewaswashedwithdichloromethane(2x50mL). Thefiltratewas 

concentratedunderreducedpressure. The residue waspurifiedby reverse flash 

chromatographywiththefollowingconditions:columnAgelaCisColumn'mobilephase 

MobilePhaseA:WaterMobilePhaseB:ACN;Flowrate:60 , Gradient:0%Bto 

tetrahydropyrazoloII1,5-a]pyrido[4,3-e]pyrimidin-4(5H)-yl)-N-methylbenzamide(630 mg, 

82%yield)asayellowsolid.LCMS(ESIm/z):406[M+H]~.  

[0249] A100mLround-bottomflaskwerechargedwith4-(3-(cyclobutylmethyl)

7-methyl-S-oxo-6,7,S,9-tetrahydropyrazoloII1,5- a]pyrido[4,3-e]pyrimidin-4(5H)-yl)-N

methylbenzamide(600mg,1.48mmol,1.00eq.),triethylamine(449mg,4.44mmol,3.00 

eq.)andethanol(30mL)atrt.Themixturewasstirredovernightatrtandthenconcentrated 

underreducedpressure.Theresiduewaspurifiedbyprep-TLCwithethylacetatetoafford 

tert-butyl 3-(cyclobutylmethyl)-7-methyl-4-(4-(methylcarbamoyl)phenyl)-5-oxo-5,6,7,9

tetrahydropyrazoloL1,5-a]pyridoL4,3-e]pyrimidine-S(4H)-carboxylate(530mg,71%yield) 

asayellowsolid.LCMS(ESIm/z):506LM+H]~.  
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72% B in 40 mm to afford 4-(3-(cyclobutylmethyl)-7-methyl-5-oxo-6,7,8,9-
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[0250] A100niLround-bottomflaskwereaddedtert-butyl3-(cyclobutylmethyl)

7-methyl-4-(4-(methylcarbamoyl)phenyl)-5-oxo-5,6,7,9-tetrahydropyrazoloII1,5

a]pyrido[4,3-e]pyrimidine-8(4H)-carboxylate(530rug,1.05mmol,1.00eq.),trifluoroacetic 

acid(2mL)anddichiorornethane(5mL)atrt.Themixturewasstirredfor2hatrtandthen 

concentratedunderreducedpressuretoafford4-(3-(cyclobutylmethyl)-7-methyl-5-oxo

6,7,8,9-tetrahydropyrazolo[1,5-a]pyrido[4,3-e]pyrimidin-4(5H)-yl)-N-methylbenzamide 

trifluoroaceticacidsalt(528mgcrude)asayellowoil.LCMS(ESIm/z):406[M+H-TFA]~.  

[0251] A40mEvialwereadded4-bromo-3-(trifluoromethyl)benzoicacid(343 

mg, 1.28 mmol, 1.30 eq.), 4-(3-(cyclobutylmethyl)-7-methyl-5-oxo-6,7,8,9

tetrahydropyrazoloII1,5-a]pyrido[4,3-e]pyrimidin-4(5H)-yl)-N-methylbenzamide 

trifluoroaceticacidsalt(510mg,0.981mmol,1.00eq.),N-(3-dimethylaminopropyl)-N'

ethylcarbodiimidehydrochloride(245mg,1.28mmol,1.30eq.),1-hydroxybenzotrizole(172 

mg,1.28mmol,1.30eq.),DIBA(634mg,4.91mmol,5.00eq.)andDMF(SmL)atrt.The 

mixturewasstinedovernightatrt. Thereactionwasquenchedwithwater(50mL). The 

mixturewasextractedwithethylacetate(3x100mL).Theorganiclayerswerecombined, 

washedwithwater(3x100mL),driedoveranhydroussodiumsulfatefilteredand 

concentratedunderreducedpressure. Theresiduewaspurifiedbyprep-TLCwithethyl 

acetatetoaffordthecrudeproduct. Thecrudeproductwaspurifiedbyprep-Chiral-HPLC 

withthefollowingconditions: S CHIRALARTAmylose-SA,2x25cm,5jim; 

MobilePhaseA:MtBE(0.5%2MNH3-MeOH)--HPLCMobilePhaseB:EtOH--HPLC; 

(trifluoromethyl)benzoyl)-3- (cyclobutylmethyl)-7-methyl-5-oxo-6,7,S,9

tetrahydropyrazoloII1,5- a]pyrido[4,3-e]pyrimidin-4(5H)-yl)-N-methylbenzamide (37a) (the 

firstelutingenantiomer,92.0mg,14%yield)asalightyellowsolidand(37b)(thesecond 

elutingenantiomer,92.0mg,14%yield). LCMS(ESIm/z):656[M+H]~. 1 HNMR(300 

MHzCDCl3)S7.98(in,2H),7.90-7.78(in,2H),7.59-7.35(in,4H),6.29(dJ 5.2Hz 

1H),4.47(in,2H),3.08(dJ 4.7Hz,3H),2.91-2.61(in,2H),2.20-2.07(in,1H),1.98-1.53 

(in,7H),1.43-1.27(in,5H).  
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Flowrate:20mL/min'Gradient:30%Bto30%Bin16mm toafford(R)-4-(8-(4-bromo-3-
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Example40 
N-methyl-4-Lrac-(11R)-5-benzyl-12-L4-bromo-3-(trifluoromethyl)benzoyl]- 11-methyl-8-oxo

2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca~1(9),3,5-trien-7-yl]benzamide(3Sa)andN
methyl-4-[rac-(11S)-5-benzyl-12-[4-bromo-3-(trifluoromethyl)benzoyl]- 11-methyl-8-oxo

2,3,7,12-tetrazatricycloL7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]benzamide(3Sb) 

0 0 

N N 

F30 N 0 N 

38a 38b 

En 
-V 0 N PMBNHNHHOI H2N 

~x II 
N t-EuOKTHF EtOHwater 

r.L4h 
800 0,4h PMB 

0 Br 

H EnTrimethyboroxine 50% in THFN / H En 
N K N 

I\ Pd(dppf)012,dioxane F 
HATUDIEADMF N~N 110006h 

rt, overnight 'I PME 
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0 
TFA I H En 0s2003DMF AcOHPd/C 

N 

N N 
H 

CONHMe 
0 0 

Eoc20,DOMEt3N HOE 
_______________________________________________________________________________________________ I 

En rt,4h OH 
N Cu(TfO)2,pyridineDMF 
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CONHMe C0NHMe 
OH 

TFADOM 

rt,3h 
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N N 
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CONHMe 
0 

chiralseparation (38a)+(38b) 

0 N 

(38) 

[0252] A1Lroundbottomflaskwaschargedwithbenzylacetonitrile(25.0g, 

0.190mol,1.00eq.)andanhydroustetrahydrofuran(500mL).Thet-BuOK(64.1g,0.571 

mol,3.00eq.)wasaddedat0 0 C.Themixturewasstinedfor10minsatrt.Ethylformate 

(70.6g,0.954mol,5.00eq.)wasaddeddropwiseat0 0 C.Thesolutionwasstinedfor4hat 

rt. Thereactionwasquenchedwithwater(1L). Themixturewasextractedwithethyl 

acetate(3x500mL).Thecombinedorganiclayerswerewashedwithbrine(2x500mL) 

andwater(500mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunder 

reducedpressuretoafford2-formyl-3-phenylpropanenitrile(30.0gcrude)asabrownyellow 

oil.  

[0253] A 1 L round bottom flask was charged with 2-formyl-3

phenylpropanenitrile(30.0g,188mmol,1.00eq.),I~4-methoxyphenyl)methyl]hydrazine 

hydrochloride(35.5g,188mmol,1.00eq.),EtOH(300mL)andwater(100mL). The 

solutionwasstirredfor4hat80 0 Candthenconcentratedunderreducedpressure. The 

residuewasdilutedwithethylacetate(1L),washedwithwater(3x300mL),driedover 

anhydroussodiumfilteredandconcentratedunderreducedpressure. Theresiduewas 

filtration and dried under reduced pressure to afford 4-benzyl-1-L(4

methoxyphenyl)methyl]pyrazol-3-amine(21.0g,38%yield)asalightyellowsolid.LCMS 

(ESImlz):294[M+H]~.  

[0254] A250mLroundbottomflaskwas chargedwith4-benzyl-1-1j4

methoxyphenyl)methyl]pyrazol-3- amine (10.0 g, 34.1 mmol, 1.00eq.), 2-bromo-5

fluoroisonicotinicacid(9.00g,40.9mmol,1.20eq.),HATU(19.4g,51.1mmol,1.50eq.), 

DIBA(13.2g,102mmol,3.00eq.)andDMF(100mL). Themixturewasstirredfor 

overnightatrt.Thereactionwasquenchedwithwater(500mL).Thesolidswerecollected 

by filtration and dried under reduced pressure to afford N-{4-benzyl-1-R4
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purifiedbytriturationwithethylacetate(80mL).Thelightyellowsolidwascollectedby
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methoxyphenyl)methyl]pyrazol-3-yl}-2-bronio-5-fluoropyridine-4-carboxanPde (14.5 
85%yield)asalightyellowsolid.LCMS(ESImlz):495[M+H]~.  

[0255] A500niLthreeneckroundbottomflaskwaschargedwithN-{4-benzyl

1- [(4-methoxyphenyl)methyl]pyrazol-3-yl}-2-brorno-5-fluoropyridine-4-carboxamide(14.3 

g,28.8mmol,1.00eq.),trimethyl-1,3,5,2,4,6-trioxatriborinane(14.5g,57.7nimol,2.00eq., 

50%wtinTHF),Pd(dppf)C1 2 (1.06g,1.44mmol,0.05eq.),K 2 C03 (7.98g,57.7mmol,2.00 

eq.)and1,4-dioxane(200mL).Thesolutionwasstirredfor6hat110 0 Cundernitrogen.  

Thereactionwasquenchedwithwater(200mL). Themixturewasextractedwithethyl 

acetate(3x200mL).Theorganiclayerswerecombinedwashedwithwater(3x100mL), 

driedoveranhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.The 

residue was purified by silica gel column chromatography, eluted with ethyl 

acetate:petroleumether(1:1)toaffordN-{4-benzyl-1-[(4-methoxyphenyl)methyl]pyrazol-3

yl}-5-fluoro-2-methylpyridine-4-carboxamide(11.0g,88%yield)asawhitesolid.LCMS 

(ESImlz):431[M+H]~.  

[0256] A100mEroundbottomflaskwaschargedwithN-{4-benzyl-1-[(4

methoxyphenyl)methyl]pyrazol-3-yl}-5-fluoro-2-methylpyridine-4-carboxamide (4.00 

9.29mmol,1.00eq.)andtrifluoroaceticacid(50mL).Thesolutionwasstinedforovernight 

at600 CandthenconcentratedunderreducedpressuretoaffordN-(4-benzyl-1H-pyrazol-3

yl)-5-fluoro-2-methylpyridine-4-carboxamide(3.50gcrude)asabrownsolid.LCMS(ESI, 

m/z):311[M+H]~.  

3-yl)-5-fluoro-2-methylpyridine-4-carboxamide(3.50g,11.2mmol,1.00eq.),Cs2CO3(7.35 

g,22.5mmol,2.00eq.)andDMF(50mL).Thesolutionwasstinedforovernightat100 0 C.  

Thereactionwasquenchedwithwater(100mL). Themixturewasextractedwith 

dichloromethane(3x100mL).Theorganiclayerswerecombinedwashedwithwater(3x 

100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure to afford 5-benzyl-11-methyl-2,3,7,12~tetraazatricycloL7.4.0.0A{2,6}]trideca~ 

1(9),3,5,10,12-pentaen-S-one(2.50g,76%yield)asalightyellowsolid.LCMS(ESImlz): 

291[M+H]~.  

[0258] A250mEroundbottomflaskwaschargedwith5-benzyl-11-methyl

2,3,7,12~tetraazatricycloL7.4.0.0A{2,6}]trideca-1(9),3,5,10,12-pentaen-8-one(1.00g,3.44 
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[0257] A500mLroundbottomflaskwaschargedwithN-(4-benzyl-1H-pyrazol-
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mmol,1.00eq.),10%Pd/C(100ing)andAcOH(50mL). Thesolutionwasstirredfor 

overnightat60 0 Cunderhydrogenatmosphere(2-3atm).Thesolidswerefilteredoffand 

themixturewaswashedwithmethanol(3x20mL). Thefiltratewasconcentratedunder 

reduced pressure to afford 5-benzyl-11-methyl-2,3,7,12

tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-trien-8-one(1.00g,98%yield)asacolorless 

oil.LCMS(ESImlz):295[M+H]~.  

[0259] A 100 mE vial was charged with 5-benzyl-11-methyl-2,3,7,12

tetraazatricyclo[7.4.O.OA{2,61]trideca-1(9),3,5-trien-8-one(1.00g,3.40mmol,1.00eq.), 

Boc2O(0.890g,4.07mmol, 1.20eq.),Et3N(1.03 g, 10.2mmol, 3.00eq.)and 

dichloromethane(30mL).Thesolutionwasstirredfor4hatrt.Thereactionwasquenched 

withwater(100mL).Themixturewasextractedwithdichloromethane(3x100mL).The 

organic layers were combined, dried over anhydrous sodium sulfate filtered and 

concentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatographyelutedwithethylacetate:petroleumether(1:1)toaffordtert-butyl5-benzyl

11-methyl-8-oxo-2,3,7,12~tetraazatricycloIj7.4.O.OA{2,6}]trideca-1(9),3,5-triene-12

carboxylate(1.10g,82%yield)asawhitesolid.LCMS(ESImlz):395[M+H]~.  

[0260] A100mLroundbottomflaskwaschargedwithtert-butyl5-benzyl-11

methyl-8-oxo-2,3,7,12-tetraazatricyclo[7.4.O.OA{2,6}]trideca~1(9),3,5~triene~.12~carboxylate 

(500mg,1.26mmol,1.00eq.),4-(methylcarbamoyl)phenylboronicacid(453mg,2.54 

mmol,2.00eq.),Cu(OTf)2(458mg,1.26mmol,1.00eq.),pyridine(200mg,2.53mmol, 

atmosphere.Thereactionwasquenchedwithwater(100mL).Themixturewasextracted 

withethylacetate(3x100mL).Theorganiclayerswerecombinedwashedwithwater(3x 

100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwithethyl 

acetate:petroleum ether (1:1) to afford tert-butyl 5-benzyl-11-methyl-7-L4

(methylcarbamoyl)phenyl]-S-oxo-2,3,7,12~tetraazatricyclo~7.4.O.OA{2,61]trideca-1(9),3,5

triene-12-carboxylate(260mg,39%yield)asawhitesolid.LCMS(ESImlz):528LM+H]~.  

[0261] A100mLroundbottomflaskwaschargedwithtert-butyl5-benzyl-11

methyl-7-14-(methylcarbamoyl)phenyl]- 8-oxo-2,3,7,12

tetraazatricycloL7.4.O.OA{2,61]trideca-1(9),3,5-triene-12-carboxylate(260mg,0.492mmol, 
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2.00eq.)andDMF(20mL). Thesolutionwasstinedfor48hat60 0 Cunderanoxygen
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1.00eq.),TFA(5mL)andDCM(20niL). Thesolutionwasstirredfor3hatrtandthen 

concentratedunderreducedpressure to afford 4-{5-benzyl-11-methyl-8-oxo-2,3,7,12

tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-trien-7-yl}-N-niethylbenzamidetrifluoroacetic 

acidsalt(261rugcrude)asabrownsolid.LCMS(ESImlz):428[M+H-TFA]~.  

[0262] A40mEvialwerechargedwith4-{5-benzyl-11-methyl-8-oxo-2,3,7,12

tetraazatricyclo[7.4.O.OA{2,61]trideca-1(9),3,5-trien-7-yl}-N-niethylbenzamidetrifluoroacetic 

acidsalt(261mg,0.481mmol,1.00eq.),4-bromo-3-(trifluoroniethyl)benzoicacid(196nig, 

0.730mniol,1.50eq.),HOBt(123rug,0.912mmol,1.90eq.),EDCI(174rug,0.912mmol, 

1.90eq.),DIBA(314rug,2.43niniol,5.00eq.)andDMF(10niL).Thesolutionwasstirred 

forovernightatrt. Thereactionwasquenchedwithwater(100niL). Themixturewas 

extractedwithethylacetate(3x100niL).Theorganiclayerswerecombinedwashedwith 

water(3x100niL),driedoveranhydroussodiumsulfatefilteredandconcentratedunder 

reducedpressure. Theresiduewaspurifiedbysilicagelcolumnchromatographyeluted 

withethylacetate:petroleumether(10:1)toaffordthecrudeproduct.Thecrudeproductwas 

purifiedbyprep-Chiral-HPLCwiththefollowingconditions:Column:CHIRALPAKIA-3,2 

x25cm,5 S MobilePhaseA:MtBE(0.5%2MNH3-MeOH)--HPLCMobilePhaseB: 

EtOH--HPLQFlowrate:20 , Gradient:30%Bto30%Bin20mm toafford4

r(11R)-5-benzyl-12-[4-bromo-3-(trifluoromethyl)benzoyl]- 11-methyl-8-oxo-2,3,7,12

tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5-trien-7-yl]-N-methylbenzamide(38a)(thefirst 

enantiomer,103nig,31%yield)asawhitesolid. 1 HNMR(400MHzCDCl 3 )67.92-7.67 

(in,4H),7.57-7.41(in,2H),7.30-7.27(in,1H),7.25-7.12(in,4H),6.79-6.65(in,2H),6.25 

(in,1H),5.89(s,1H),4.69-3.95(in,2H),3.17-2.96(in,5H),2.82(dJ 17.3HziLl),2.68 

(dJ 17.2HziLl),1.37(dJ 6.9Hz,3H).LCMS(ESImlz):678[M+H]~.  
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elutingenantiomer,69.2mg,21%yield)asawhitesolidand(3Sb)(thesecondeluting
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Example41 
4-L12-L4-bromo-3-(trifluoromethyl)benzoyl]-S-oxo-5-prop-2-ynyl-2,3,7,12

tetrazatricyclo[7.4.O.0A2,6]trideca-1(9),3,5-trien-7-yl]-N-methyl-benzamide(42) 
0 0 

0 
0 0 

H H 
H2N N 

H CulNaOEtDMF 
EDOIHOEtDIEADMF 120o~ 2days 

[4,overnight 

0 0 

0 NA 0 
H H 

MgBr 
Pd/C, H2, EtOH, Boc2O Boc THF 

'I 'I H 0'C,2h 
N IIovernigiii N 

0 0 

NA NA 
H Et3SiHTFA, DOM H TFA, DOM 

rtovernight rt2h 

BocK Boc 
N 

0 0 

H OH H 

0 

EDOIHOBTDIEADMF 
TFA N [Iovernight 

(42) 

[0263] A250mEroundbottomflaskwaschargedwith3-bromopyridine-4

carboxylicacid(14.8g,73.3mmol,1.10eq.),4-amino-N-methylbenzamide(10.0g,66.7 

mmol,1.00eq.),EDCI(15.3g,80.0mmol,1.20eq.),HOBt(10.8g,80.0mmol,1.20eq.), 

DIBA(26.0g,202mmol,3.00eq.)andDMF(100mL). Thesolutionwasstinedfor 

overnightatrt.Thereactionwasquenchedwithwater(200mL).Themixturewasextracted 

withethylacetate(3x200mL).Theorganiclayerswerecombinedwashedwithwater(3x 

200mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 
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pressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwithethyl 

acetate:petroleumether(9:1)toafford3-bromo-N-[4-(methylcarbamoyl)phenyl]pyridine-4

carboxamide(6.50g,29%yield)asawhitesolid.LCMS(ESIm/z):334[M+H]~.  

[0264] A 250 mL round-bottom flask was charged with 3-bromo-N-[4

(methylcarbamoyl)phenyl]pyridine-4-carboxamide(5.00g, 15.0mmol, 1.00eq.), 1H

pyrazole-4-carbaldehyde(1.44g,15.0mmol,1.00eq.),1,10-phenanthroline(0.540g,2.99 

mmol,0.20eq.),copper(I)iodide(0.570g,2.99mmol,0.20eq.),sodiumethylate(3.05g, 

44.9mmol,3.00eq.)andDMF(100mL)atrt.Themixturewasstirredfor2daysat120 0 C 

underanoxygenatmosphere.Thereactionwasquenchedwithwater(150mL)atrt. The 

mixturewasextractedwithethylacetate(3x100mL).Theorganiclayerswerecombined, 

washedwithwater(3x100mL),driedoveranhydroussodiumsulfatefilteredand 

concentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatography, eluted with ethyl acetate to afford 4-(3-formyl-5-oxopyrazolo[1,5

a]pyrido[4,3-e]pyrimidin-4(5H)-yl)-N-methylbenzamide(2.80g,54%yield)asayellow 

solid.LCMS(ESIm/z):348[M+H]~.  

[0265] A 250 mL round-bottom flask was charged with 4-(3-formyl-5

oxopyrazoloII1,5-a]pyrido[4,3-e]pyrimidin-4(5H)-yl)-N-methylbenzamide (2.80 g, S.06 

mmol,1.00eq.),ethanol(100mL),10%Pd/C(1.72g)anddi-tert-butyldicarbonate(3.52g, 

16.1mmol,2.00eq.)atrt. Themixturewasstinedforovernightatrtunderahydrogen 

atmosphere(2-3atm). Thesolidswerefilteredoffandthefiltercakewaswashedwith 

residue was purified by silica gel column chromatography, eluted with 

dichloromethane:methanol (10:1) to afford tert-butyl 3-formyl-4-(4

(methylcarbamoyl)phenyl)-5-oxo-5,6,7,9-tetrahydropyrazoloII1,5-a]pyrido[4,3-e]pyrimidine

8(4H)-carboxylate(700mg,19%yield)asayellowsolid.LCMS(ESIm/z):452[M+H]~.  

[0266] Asolutionoftert-butyl3-formyl-4-(4-(methylcarbamoyl)phenyl)-5-oxo

5,6,7,9-tetrahydropyrazoloL1,5-a]pyridoL4,3-e]pyrimidine-S(4H)-carboxylate(500mg,1.11 

mmol,1.00eq.)intetrahydrofuran(20mL)wasaddedbromo(ethynyl)magnesium(6.64mL, 

3.32mmol,3.00eq.,0.5Mintetrahydrofuran)dropwiseat0~Cunderanitrogen 

atmosphere. Themixturewasstirredfor2hat0 0 Candthenconcentratedunderreduced 

pressure. Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwith 
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dichloromethane(3x50mL). Thefiltratewasconcentratedunderreducedpressure. The
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dichlorornethane:rnethanol(12:1)toaffordtert-butyl3-(1-hydroxyprop-2-yn-1-yl)-4-(4

(inethylcarbainoyl)phenyl)-5-oxo-5,6,7,9-tetrahydropyrazoloII1,5-a]pyrido[4,3-e]pyriniidine

8(4H)-carboxylate(240rug,45%yield)asayellowsolid.LCMS(ESIm/z):478[M+H]~.  

[0267] A 100 niLround-bottomflaskwas chargedwithtert-butyl 

hydroxyprop-2-yn-1-yl)-4-(4-(niethylcarbanioyl)phenyl)-5-oxo-5,6,7,9

tetrahydropyrazolo[1,5-a]pyrido[4,3-e]pyrimidine-8(4H)-carboxylate(200mg,0.419mmol, 

1.00eq.),triethylsilane(974mg,8.38mmol,20.0eq.),trifluoroaceticacid(1.91g,16.8 

mmol,40.0eq.)anddichloromethane(20mL)atrt.Themixturewasstirredforovernightat 

rtandthenconcentratedunderreducedpressure. Thecrudeproductwaspurifiedbyprep

HPLCwiththefollowingconditions:Column:XBridgePrepOBDC18Column,30x150 

mmSkin;MobilePhaseA:Water(10mmol/LNH4HCO3+O.1%NH3.H20),MobilePhaseB: 

ACN;Flowrate:60mL/min'Gradient:32%Bto58%Bin7mm toaffordtert-butyl4-(4

(methylcarbamoyl)phenyl)-5-oxo-3- (prop-2-yn-1-yl)-5,6,7,9-tetrahydropyrazoloII1,5

a]pyrido[4,3-e]pyrimidine-8(4H)-carboxylate(35.0mg,18%yield)asawhitesolid.LCMS 

(ESIm/z):462[M+H]~.  

[0268] A 50 mE round-bottom flask was charged with tert-butyl 

(methylcarbamoyl)phenyl)-5-oxo-3- (prop-2-yn-1-yl)-5,6,7,9-tetrahydropyrazoloII1,5

a]pyrido[4,3-e]pyrimidine-8(4H)-carboxylate (35.0 mg, 0.0760 mmol, 1.00 eq.), 

dichloromethane(5mL)andtrifluoroaceticacid(1mL)atrt.Themixturewasstirredfor2h 

atrtandthenconcentratedunderreducedpressuretoaffordN-methyl-4-(5-oxo-3-(prop-2

trifluoroaceticacidsalt(35.6mgcrude)asayellowoil. LCMS(ESIm/z):362[M+H

TFA]~.  

[0269] A40mLvialwaschargedwithN-methyl-4-(5-oxo-3-(prop-2-yn-1-yl)

6,7,S,9-tetrahydropyrazolo[1,5-a]pyrido[4,3-e]pyrimidin-4(5H)-yl)benzamidetrifluoroacetic 

acidsalt(35.6mg,0.075mmol,1.00eq.),4-bromo-3-(trifluoromethyl)benzoicacid(20.1 

mg,0.075mmol,1.00eq.),1-hydroxybenzotrizole(10.1mg,0.075mmol,1.00eq.),N-(3

dimethylaminopropyl)-N-ethylcarbodiimidehydrochloride(14.3mg,0.075mmol,1.00eq.), 

NN-diisopropylethylamine(29.0mg,0.225mmol,3.00eq.)andDMF(2mL)atrt. The 

mmxturewasstirredforovernightatrt.Thereactionwasquenchedwithwater(10mL)atrt.  

Themixturewasextractedwithethylacetate(3x30mL). Theorganiclayerswere 
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yn-1-yl)-6,7,S,9-tetrahydropyrazoloII1,5-a]pyrido[4,3-e]pyrimidin-4(5H)-yl)benzamide
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combinedwashedwithwater(3x30niL),driedoveranhydroussodiumsulfatefilteredand 

concentratedunderreducedpressure. Thecrudeproductwaspurifiedbyprep-HPLCwith 

thefollowingconditions:Column:YMC-ActusTriartCis,30x150mm,5umMobilePhase 

A:Water(10mmol/LNH4HCO3+0.1%NH3.H20),MobilePhaseB: e Flowrate:60 
e 

, Gradient: 48% B to 68% B in 7 mm to afford 4-(8-(4-bromo-3

(trifluoromethyl)benzoyl)-5-oxo-3-(prop-2-yn-1-yl)-6,7,8,9-tetrahydropyrazoloII1,5

a]pyrido[4,3-e]pyrimidin-4(5H)-yl)-N-methylbenzamide(42)(11.8mg,26%yield)asa 

whitesolid.LCMS(ESIm/z):612[M+H]~. 1 HNMR(300MHzCDCl 3 )67.96(dJ 8.4 

Hz,2H),7.90-7.70(in,3H),7.60-7.40(in,3H),6.22(dJ4.5Hz1H),5.15(s,2H),3.73(d, 

J6.3Hz, 2H),3.07(dJ4.8Hz,3H),2.74(s,2H),2.48(s,2H),2.01(dJ33Hz1H).  

Example42 
rac-(11R)-5-benzyl-12-[4-bromo-3-(trifluoromethyl)benzoyl]-11-methyl-7-[4-(5-methyl-4H
1,2,4-triazol-3-yl)phenyl]-2,3,7,~ 

(47a)andrac-(11S)-5-benzyl-12-[4-bromo-3-(trifluoromethyl)benzoyl]- 11-methyl-7-[4-(5
methyl-4H-1,2,4-triazol-3-yl)phenyl]-2,3,7,12~tetrazatricyclo[7.4.0.0A2,6]trideca~1(9),3,5

trien-8-one(47b) 

HN\ HN\ N N 
/ I N N 

0 0 

N 
0 0 

47a 47b 

160 

N N



WO2022/115384 PCT/IiS2021/060366 

NH 

ON H2 N9< NNN N 

H 
CuBr,0s2 003 ,DMSO DMFK2003 

100~Covernight 6000overnight 

0 

0 0 
' I 

'4,B-B N N 
0 0 II 

N PMB 
0% 

Br PMBPd(PPh3 )2012 ,KOAcDMS0 Cu(OTf)2,PyridineDMF 60CC, 3h 60CCovernight 

NN N-N 

0 N 0 N OH 
F' 

PMB TFADOM PMB F30 

rt2h EDOIHOBTDIEADMF 

N TFA N overnight 

PMB\ 
N 

0 N TFA 0 

80~Covernight 
F30 

(47) 

chiralseparation (47a)+(47b) 

[0270] A250mEround-bottomflaskwaschargedwith4-bromobenzonitrile 

(5.00g,27.5mmol,1.00eq.),acetamidinehydrochloride(3.90g,41.2mmol,1.50eq.), 

cuprousbromide(0.390g,2.74mmol,0.10eq.),cesiumcarbonate(26.8g,82.4mmol,3.00 

eq.)andDMSO(50mL).Themixturewasstirredforovernightat100 0 C.Thereactionwas 

quenchedwithwater(50mL). ThemixturewasacidifiedtopH4withhydrochloricacid 

(iMaq.)andextractedwithethylacetate(3x150mL).Theorganiclayerswerecombined, 
washedwithwater(3x100mL),driedoveranhydroussodiumsulfatefilteredand 
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concentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatography, eluted with ethyl acetate:petroleuni ether (3:1) to afford 

bromophenyl)-5-niethyl-4H-1,2,4-triazole(2.50g,38%yield)asalightyellowsolid.LCMS 

(ESIm/z):238[M+H]~.  

[0271] A100ruLround-bottomflaskwaschargedwith3-(4-bromophenyl)-5

methyl-4H-1, 2,4-triazole(3.00g,12.6mmol,1.00eq.)and4-methoxybenzylchloride(2.17 

g,13.8mmol,1.10eq.),potassiumcarbonate(5.22g,37.8mmol,3.00eq.)andDMF(10 

mL). Themixturewasstirredforovernightat60 0 Cunderanitrogenatmosphere. The 

reactionwasquenchedwithwater(50mL).Themixturewasextractedwithethylacetate(3 

x50mL).Theorganiclayerswerecombinedwashedwithwater(3x50mL),driedover 

anhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewas 

purifiedbysilicagelcolumnchromatographyelutedwithdichloromethane:methanol(10:1) 

toafford3-(4-bromophenyl)-4-[(4-methoxyphenyl)methyl]-5-methyl-1,2,4-triazole(2.00g, 

44%yield)asawhitesolid.LCMS(ESIm/z):358[M+H]~.  

[0272] A50mLround-bottomflaskwaschargedwith3-(4-bromophenyl)-4-[(4

methoxyphenyl)methyl]-5-methyl-1,2,4-triazole(1.50g,4.18mmol, 1.00eq.),2-(5,5

dimethyl-1,3,2-dioxaborinan-2-yl)-5,5-dimethyl-1,3,2-dioxaborinane(4.73g,20.9mmol, 

5.00eq.),bis(triphenylphosphorus)palladiumchloride(0.590g,0.830mmol,0.20eq.), 

AcOK(2.05g,20.9mmol,5.00eq.)andDMSO(30mL).Themixturewasstinedfor3hat 

600 C.Thereactionwasquenchedwithwater(100mL).Themixturewasextractedwith 

mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.  

The residue was purified by silica gel column chromatography, eluted with 

dichloromethane:methanol (10:1) to afford 3-(4-(5,5-dimethyl-1,3,2-dioxaborinan-2

yl)phenyl)-4-(4-methoxybenzyl)-5-methyl-4H-1,2,4-triazole(1.00g,61%yield)asanoff

whitesolid.LCMS(ESIm/z):392LM+H]~.  

[0273] A100mLround-bottomflaskwaschargedwith3-(4-(5,5-dimethyl-1,3,2

dioxaborinan-2-yl)phenyl)-4-(4-methoxybenzyl)-5-methyl-4H-1,2,4-triazole(446mg,1.14 

mmol 1.50 eq.) and tert-butyl 5-benzyl-11-methyl-8-oxo-2,3,7,12

tetraazatricycloL7.4.0.OA{2,61]trideca-1(9),3,5-triene-12-carboxylate(300mg,0.760mmol, 

1.00eq.),Cu(OTf)2(275mg,0.760mmol,1.00eq.),pyridine(180mg,2.28mmol,3.00eq.) 
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ethylacetate(3x100mL).Theorganiclayerswerecombinedwashedwithwater(3x100
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andDMF(10niL). Themixturewasstirredforovernightat60 0 Cunderanoxygen 

atmosphere. Thereactionwasquenchedwithwater(50mL). Themixturewasextracted 

withethylacetate(3x50mL).Theorganiclayerswerecombinedwashedwithwater(3x 

50mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure. Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwith 

dichloromethane:methanol (10:1) to afford tert-butyl 5-benzyl-7-(4-{4-R4

methoxyphenyl)methyl]-5-methyl-1,2,4-triazol-3-yl}phenyl)-11-methyl-8-oxo-2,3,7,12

tetraazatricyclo[7.4.O.OA{2,61]trideca-1(9),3,5-triene-12-carboxylate(200mg,39%yield)as 

awhitesolid.LCMS(ESIm/z):672[M+H]~.  

[0274] A100mLround-bottomflaskwaschargedwithtert-butyl5-benzyl-7-(4

{4-[(4-methoxyphenyl)methyl]-5-methyl-1,2,4-triazol-3-yl}phenyl)-11-methyl-8-oxo

~(400mg,0.590 

mmol,1.00eq.),trifluoroaceticacid(4mL)anddichloromethane(20mL).Themixturewas 

stirredfor2hatrtandthenconcentratedunderreducedpressuretoafford5-benzyl-7-(4-{4

[(4-methoxyphenyl)methyl]-5-methyl-1,2,4-triazol-3-yl}phenyl)-11-methyl-2,3,7,12

tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5-trien-8-onetrifluoroaceticacidsalt(400mg, 

crude).LCMS(ESImlz):572[M+H-TFA]~.  

[0275] A100mLround-bottomflaskwaschargedwith5-benzyl-7-(4-{4-[(4

methoxyphenyl)methyl]-5-methyl-1,2,4-triazol-3-yl}phenyl)-11-methyl-2,3,7,12

tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5-trien-8-onetrifluoroaceticacidsalt(400mg, 

eq.,3-(3-dimethylaminopropyl)-1-ethylcarbodiimidehydrochloride(201mg,1.05mmol, 

1.80eq.),1-hydroxybenzotriazole(141mg,1.05mmol,1.80eq.),DIBA(452mg,3.50 

mmol,6.00eq.)andDMF(5mL).Themixturewasstinedforovernightatrt.Thereaction 

wasquenchedwithwater(50mL). Themixturewasextractedwithethylacetate(3x50 

mL). Theorganiclayerswerecombinedwashedwithwater(3x50mL),driedover 

anhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewas 

purifiedbyprep-TLCwithTHF:ethylacetate(1:1)toafford5-benzyl-12-L4-bromo-3

(trifluoromethyl)benzoyl]-7-(4-{4-I~4-methoxyphenyl)methyl]-5-methyl-1,2,4-triazol-3

yl}phenyl)-1~ 

(250mg,42%yield)asawhitesolid.LCMS(ESImlz):822LM+H]~.  
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0.583mmol,1.00eq.),4-bromo-3-(trifluoromethyl)benzoicacid(282mg,1.05mmol,1.80
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[0276] A 40 ruL vial were charged with 5-benzyl-12-[4-bronio-3

(trifluoromethyl)benzoyl]-7-(4-{4-[(4-niethoxyphenyl)methyl]-5-methyl-1,2,4-triazol-3

yl}phenyl)-11-niethyl-2,3, 7,12-tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9), 3, 5-trien-8-one 

(340mg,0.413mniol,1.00eq.)andtrifluoroaceticacid(10niL).Themixturewasstirredfor 

overnightat80 0 Candthenconcentratedunderreducedpressure.Theresiduewaspurified 

byprep-TLCwithTHF:ethylacetate(1:1)toaffordthecrudeproduct. Thecrudeproduct 

waspurifiedbyprep-Chiral-HPLCwiththefollowingconditions:Column:CHIRALART 

Amylose-SA,2x25cm,5 S MobilePhaseA:MtBE(0.5%2MNH3-MeOH)--HPLC, 

MobilePhaseB:EtOH--HPLC;Flowrate:20mL/min;Gradient:30%Bto30%Bin14mm 

to afford (11R)-5-benzyl-12-[4-bromo-3-(trifluoromethyl)benzoyl]-11-methyl-7-[4-(5

methyl-4H-1,2,4-triazol-3-yl)phenyl]-2,3,7,12~tetraazatricyclo[7.4.O.OA{2,6}]trideca

1(9),3,5-trien-8-one(47a)(thefirstelutingenantiomer,41.4mg,14%yield)asawhitesolid, 

and(47b)(thesecondelutingenantiomer,35mg,12%yield)asawhitesolid.LCMS(ESI, 

m/z):702[M+H]~. 1 HNMR(400MHzCDCl 3 )68.10-8.00(in,2H),7.95-7.70(in,2H), 

7.60-7.38(in,2H),7.25-7.18(in,2H),7.20-7.00(in,3H),6.72(s,2H),5.80(s,1H),4.50(d, 

J 9.6Hz2H),3.10(s,2H),2.90-2.60(in,2H),2.51(s,3H),1.37(dJ 3.2Hz3H).  

Example43 
N-methyl-4-[rac-(1iR)-12-[4-bromo-3-(trifluoromethyl)benzoyl]-5-isobutyl-11-methyl-8

oxo-2,3,7,12-tetrazatricycloL7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]benzamide(50a)andN
methyl-4-[rac-(11S)-12-[4-bromo-3-(trifluoromethyl)benzoyl]-5-isobutyl-11-methyl-8-oxo

0 0 
N N 

N N 
0 F3C 0 

50a 5Gb 
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2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]benzamide(SOb)
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CONHMe 

CONHMe 0 HOB 
I TFADOM OH 

p.  

Cu(OAc)2,Et3NDOM rt2h 

N 400 C,2days N 

CONHMe 

OH CONHMe 

0 

TFA N HOBtEDGIDIEADMF 
rtovernight a N 

(50) 

chiralsearation 

p (50a)+(50b) 

[0277] A100mLround-bottomflaskwaschargedwithtert-butyl11-methyl-5-(2

methylpropyl)-8-oxo-2,3,7,12~tetraazatricyc1o[7.4.O.OA{2,6}]trideca-1(9),3,5-triene-12

carboxylate(100mg,0.277mmol,1.00eq.),4-(methylcarbamoyl)phenylboronicacid(74.5 

mg,0.416mmol,1.50eq.),Cu(OAc)2(151mg,0.831mirnol,3.00eq.),Et3N(84.2mg,0.831 

mmol,3.00eq.)anddichioromethane(50mL). Themixturewasstined2daysat40 0 C 

underanoxygenatmosphere.Thereactionwasquenchedbywater(100mL).Themixture 

washedwithwater(3x1000mL),driedoveranhydroussodiumsulfate filteredand 

concentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatographyelutedwithethylacetate/petroleum(1/3)toaffordtert-butyl11-methyl-7

[4-(methylcarbamoyl)phenyl]-5- (2-methylpropyl)- 8-oxo-2,3,7,12

tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5-triene-12-carboxylate(73.2mg,53%yield)as 

awhitesolid.LCMS(ESIm/z):494[M+H]~.  

[0278] A100mLroundbottomflaskwaschargedwithtert-butyl11-methyl-7-[4

(methylcarbamoyl)phenyl]- 5-(2-methylpropyl)- 8-oxo-2,3,7,12

tetraazatricycloL7.4.0.OA{2,61]trideca-1(9),3,5-triene-12-carboxylate(150mg,0.304mmol, 

1.00eq.),dichloromethane(40mL)andtrifluoroaceticacid(8mL).Thesolutionwasstirred 
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wasextractedwithdichioromethane(3x100mL). Theorganiclayerswerecombined,
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for2liatrtandthenconcentratedunderreducedpressuretoafford4-(3-isobutyl-7-niethyl-5

oxo-6,7,S,9-tetrahydropyrazoloII1,5- a]pyrido[4,3-e]pyrimidin-4(5H)-yl)-N-niethylbenzamide 

(155rugcrude)asayellowsolid.LCMS(ESImlz):394[M+H]~.  

[0279] A100ruLroundbottomflaskwaschargedwithN-methyl-4-[11-methyl

5-(2-methylpropyl)-8-oxo-2,3,7,12-tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-trien-7

yl]benzamide(240mg,0.610mmol,1.00eq.),4-bromo-3-(trifluoromethyl)benzoicacid(197 

mg,0.732mmol,1.20eq.),HOBt(124mg,0.915mmol,1.50eq.),EDCI(175mg,0.915 

mmol,1.50eq.),DIBA(394mg,3.05mmol,5.00eq.)andDMF(20mL).Thesolutionwas 

stirredforovernightatrt. Thereactionwasquenchedwithwater(100mL). Themixture 

wasextractedwithethylacetate(3x100mL).Theorganiclayerswerecombinedwashed 

withsaturatedsodiumchloridesolution(3x50mL),driedoveranhydroussodiumsulfate 

filteredandconcentratedunderreducedpressure. Theresiduewaspurifiedbysilicagel 

columnchromatographyelutedwithethylacetate:petroleum(1:3)toaffordthecrude 

product.Thecrudewasseparatedbyprep-HPLC:Column:CHIRALARTAmylose-SA,2 

25cm,5umMobilePhaseA:MtBE(0.5%2MNH3-MeOH)--HPLCMobilePhaseB: 

EtOH--HPLC;Flowrate:20 , Gradient:30%Bto30%Bin12mm toafford4

r(1iR)-12-[4-bromo-3-(trifluoromethyl)benzoyl]-11-methyl-5-(2-methylpropyl)-8-oxo
2,3,7,12-tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5-trien-7-yl]-N-methylbenzamide(50a) 

(thefirstelutingenantiomer,69.7mg,17%yield)asanoff-whitesolidand4-[(1iS)-12-14
bromo-3-(trifluoromethyl)benzoyl]- 11-methyl-S-(2-methylpropyl)- 8-oxo-2,3,7,12

secondelutingenantiomer,70mg,17%yield)asanoff-whitesolid.LCMS(ESImlz):644 

[M+H]~. 1 HNMR(400MHzCDCl 3 )68.02-7.89(in,2H),7.88-7.77(in,2H),7.63-7.33(in, 

4H),6.29(dJ 5.0Hz,111),5.82(s,1H),4.46(dJ 16.2Hz, 2H),3.05(dJ 4.7Hz 

3H),2.93-2.58(in,2H),1.49(dJ 7.1Hz, 2H),1.34(dJ 6.8Hz,3H),1.25-1.18(in,1H), 

0.58(dJ 65Hz,6H).  
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tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5-trien-7-yl]-N-methylbenzamide (5Gb) (the
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Example44 
N-methyl-2-Lrac-(11R)-5-benzyl-12-L4-bromo-3-(trifluoromethyl)benzoyl]- 11-methyl-8-oxo

2,3,7,12-tetrazatricyclo[7.4.O.0A2,6]trideca-1(9),3,5-trien-7-yl]pyrimidine-5-carboxamide 
(69a)andN-methyl-2-[rac-(11S)-5-benzyl-12-[4-bromo-3-(trifluoromethyl)benzoyl]- 11

methyl-S-oxo-2,3,7,12-tetrazatricycloL7.4.O.0A2,6]trideca-1(9),3,5-trien-7-yl]pyrimidine-5
carboxamide(69b) 

CONHMe GONHMe 
/ 

oN\ oN\ 

NkN k 
N 

0 0 

69a 69b 

0 

0 COOEt 0 0~~> 
NA 2%' 

CI N 
XantPhos, Pd2(dba)3, K3P04 

1,4-dioxane,10000,16h 

0 
0 

0 
0 N" 

H 
MeNH2, MeOH H TFADOM 

N 

0 
OH 

0 
0 H 

chiral 
EDOIHOBtDIEADMF separation ~ (69a)+(69b) 

rtovernight 
F 0 N 

(69) 

[0280] A100mLround-bottomflaskwaschargedwithtert-butyl5-benzyl-11

methyl-8-oxo-2,3,7,12~tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-triene-12-carboxylate 
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rt6h rL2h TFA
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(600rug,1.52nrniol,1.00eq.),ethyl2-chloropyriniidine-5-carboxylate(340rug,1.83mmol, 

1.20eq.),XantPhos(176ing,0.304nimolO.2Oeq.),Pd2(dba)3(139rug,0.152inmol,0.10 

eq.),potassiumphosphate(969mg,4.56mmol,3.00eq.)and1,4-dioxane(40mL). The 

mixturewasstirredfor16hat100 0 Cunderanitrogenatmosphere. Thereactionwas 

quenchedwithwater(80mL).Themixturewasextractedwithethylacetate(3x100mL).  

Theorganiclayerswerecombinedwashedwithsaturatedsodiumchloridesolution(3x50 

n)J~~~),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.  

Theresiduewaspurifiedby silicagelcolumnchromatography, elutedwithethyl 

acetate:petroleumether(1:1)toaffordtert-butyl5-benzyl-7-[5-(ethoxycarbonyl)pyrimidin-2

yl]-11-methyl-8-oxo-2,3,7,~ 

carboxylate(332mg,40%yield)asayellowsolid.LCMS(ESImlz):545[M+H]~.  

[0281] A100mLround-bottomflaskwaschargedwithtert-butyl5-benzyl-7-[5

(ethoxycarbonyl)pyrimidin-2-yl]- 11-methyl-8-oxo-2,3,7,12-tetraazatricyclo[7.4.0.OA{2,6}] 

trideca-1(9),3,5-triene-12-carboxylate(100mg,0.184minol,1.00eq.)andmethylalcohol 

(30mL).ThenMethylamine(30-33wtinabsoluteethanol,1.00mL)wasaddeddropwise.  

Thesolutionwasstinedfor6hatrtandthenconcentratedunderreducedpressuretoafford 

tert-buty1 3-benzyl-7-methyl-4-(5-(methylcarbamoyl)pyrimidin-2-yl)-5-oxo-5,6,7,9

tetrahydropyrazolo[1,5-a]pyrido[4,3-e]pyrimidine-S(4H)-carboxylate(70.0mgcrude)asa 

yellowsolid.LCMS(ESImlz):530[M+H]~.  

[0282] A100mLroundbottomflaskwaschargedwithtert-butyl5-benzyl-11

tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5-triene-12-carboxylate(70.0mg,0.132mmol, 

1.00eq.),dichloromethane(30mL)andtrifluoroaceticacid(6mL).Thesolutionwasstined 

for2hatrtandthenconcentratedunderreducedpressuretoafford2-(3-benzyl-7-methyl-5

oxo-6,7,S,9-tetrahydropyrazoloII1,5-a]pyrido[4,3-e]pyrimidin-4(5H)-yl)-N

methylpyrimidine-5-carboxamidetrifluoroaceticacidsalt(70.0mgcrude)asayellowoil.  

LCMS(ESImlz):430LM+H-TFA]~.  

[0283] A100mLroundbottomflaskwaschargedwith2-{5-benzyl-11-methyl-8

oxo-2,3,7,12-tetraazatricycloL7.4.0.OA{2,6}]trideca-1(9),3,5-trien-7-yl}-N-methylpyrimidine

5-carboxamidetrifluoroaceticacidsalt(165mg,0.303mmol, 1.00eq.),4-bromo-3

(trifluoromethyl)benzoicacid(97.7mg,0.364mmol,1.20eq.),EDCI(87.0mg,0.455mmol, 
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methyl-7-[5- (methylcarbamoyl)pyrimidin-2-yl]- S-oxo-2,3,7,12-
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1.50eq.),HOBt(61.3ing,0.455mniol,1.50eq.),DIBA(196rug,1.52mniol,5.00eq.)and 

DMF(10mL).Themixturewasstirredforovernightatrt.Thereactionwasquenchedwith 

water(50niL).Themixturewasextractedwithethylacetate(3x100mL).Thecombined 

organiclayerswerewashedwithsaturatedsodiumchloridesolution(3x50mL)anddried 

overanhydroussodiumsulfate.Afterfiltrationthefiltratewasconcentratedunderreduced 

pressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwithethyl 

acetate:petroleumether(1:2)toaffordthecrudeproduct.Theproductwasseparatedbyprep

chiral-HPLC:Column:CHIRALARTCellulose-SB,2x25cm,5 S MobilePhaseA:Hex: 

DCM~3S S Flowrate:20 
S 1(0.5%2MNH3-MeOH)--HPLCMobilePhaseB:EtOH--HPLC, 

mL/minU 
, Gradient:20%Bto20%Bin14mm toafford2-If11R)-5-benzyl-12-[4-bromo-3

(trifluoromethyl)benzoyl]- 11-methyl-8-oxo-2,3,7,12-tetraazatricyclo[7.4.0.OA {2,6}]trideca

1(9),3,5-trien-7-yl]-N-methylpyrimidine-5-carboxamide(69a)(thefirstelutingenantiomer 

53.7mg, 18%yield)asalightyellowsolid and2-[(11S)-5-benzyl-12-[4-bromo-3

(trifluoromethyl)benzoyl]- 11-methyl-8-oxo-2,3,7,12-tetraazatricyclo[7.4.0.OA {2,6}]trideca

1(9),3,5-trien-7-yl]-N-methylpyrimidine-5-carboxamide (69b) (the second eluting 

enantiomer,53mg,18%yield)asalightyellowsolid.LCMS(ESImlz):680[M+H]~. 1 H 

NMR(300MHzCDCl 3 )68.92(s,2H),7.81(dJ S.1Hz,2H),7.64-7.37(in,2H),7.22

7.00(in,3H),6.73-6.69(in,3H),5.79(s,1H),4.47(in,2H),3.26-3.13(in,2H),3.02(dJ 

4.7Hz,3H),2.95-2.48(in,2H),1.32(dJ 6.8Hz,3H).  

N,2-dimethyl-5- [rac-(11R)-12-[4-bromo-3-(trifluoromethyl)benzoyl]-5-isobutyl-11-methyl
8-oxo-2,3,7,12-tetrazatricycloL7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]pyrazole-3

carboxamide(77a)andN,2-dimethyl-5-[rac-(115)-12-[4-bromo-3-(trifluoromethyl)benzoyl]
5-isobutyl-11-methyl-8-oxo-2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-7

yl]pyrazole-3-carboxamide(77b) 

CONHMe CONHMe 

0 ~Na~ 0 
j ~tm.m 

N N N N 

Br 

N 
0 0 

77a 77b 
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Example45
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(77) 

chiralseparation 

~L (77a)+(77b) 

[0284] A250inLround-bottomflaskwaschargedwith4-bromopyrazole(20.0g, 

136mmol,1.00eq.),dihydropyran(22.9g,272mmol,2.00eq.)andtrifluoroaceticacid(0.5 

mL).ThemixturewasstirredforovernightatSO 0 C.Themixturewasdilutedwithethyl 
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acetate(200mL)andwashedwithsaturatedsodiumbicarbonate(3x50mL)andsaturated 

sodiumchloride(1x50niL)anddriedoveranhydroussodiumsulfate.Afterfiltrationthe 

filtratewasconcentratedunderreducedpressure. Theresiduewaspurifiedbysilicagel 

columnchromatographyelutedwithdichloromethane:petroleumether(9:1)toafford4

bromo-1-(oxan-2-yl)pyrazole(24.6g,78%yield)asalightyellowoil. LCMS(ESImlz): 

231[M+H]~.  

[0285] A250mLthreeneckroundbottomflaskwaschargedwith4-bromo-1

(oxan-2-yl)pyrazole(10.0g,21.6mmol,1.00eq.)andtetrahydrofuran(50mL). n-BuLi 

(51.6ml,130mmol,3.00eq.,2.50Minn-hexane)wasaddedat-78 0 Cunderanitrogen 

atmosphere.Themixturewasstirredfor30mm at-780 C.Isobutyraldehyde(3.74g,51.9 

mmol,1.20eq.)intetrahydrofuran(10mL)wasaddeddropwiseat-78 0 C.Themixturewas 

allowedtowarmtort. Themixturewasstinedforovernightatrt. Thereactionwas 

quenchedwithwater(100mL).Themixturewasextractedwithethylacetate(3x80mL).  

Thecombinedorganiclayerswerewashedwithsaturatedsodiumchloridesolution(3x40 

mL)anddriedoveranhydroussodiumsulfate.Afterfiltrationthefiltratewasconcentrated 

underreducedpressure. Theresiduewaspurifiedbysilicagelcolumnchromatography, 

elutedwithpetroleumether:ethylacetate(1:5)toafford2-methyl-1-[1-(oxan-2-yl)pyrazol-4

yl]propan-1-ol(3.36g,34%yield)asabrownoil.LCMS(ESImlz):225[M+H]~.  

[0286] A100mLroundbottomflaskwaschargedwith2-methyl-1- [1-(oxan-2
yl)pyrazol-4-yl]propan-1-ol(1.00g,4.46mmol,1.00eq.),triethylsilane(1.56g,13.4mmol, 

Thereactionwasquenchedwithwater(150mL). Themixturewasextractedwithethyl 

acetate(3x60mL). Thecombinedorganiclayerswerewashedwithsaturatedsodium 

chloridesolution(3x50mL)anddriedoveranhydroussodiumsulfate.Afterfiltrationthe 

filtratewasconcentratedunderreducedpressure. Theresiduewaspurifiedbysilicagel 

columnchromatographyelutedwithethylacetate:petroleumether(1:1)toafford4-(2

methylpropyl)-1H-pyrazole(331mg,60%yield)asalightyellowsolid.LCMS(ESImlz): 

125LM+H]~.  
e 

[0287] A100mEroundbottomflaskwaschargedwithmethyl5-amino-2

methylpyrazole-3-carboxylate(1.50g,9.67mmol,1.00eq.),2-bromo-5-fluoropyridine-4

carboxylicacid(2.55g,11.6mmol,1.20eq.),HATU(7.35g,19.3mmol,2.00eq.),DIBA 
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3.00eq.)andtrifluoroaceticacid(60mL).Themixturewasstinedforovernightat60 0 C.
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(6.25g,48.3mniol,5.00eq.)andDMF(35niL).Thesolutionwasstirredovernightatrt.  

Thereactionwasquenchedwithwater(100niL). Themixturewasextractedwithethyl 

acetate(3x100niL). Theorganiclayerswerecombinedwashedwithsaturatedsodium 

chloridesolution(3x50mL),driedoveranhydroussodiumsulfatefilteredandconcentrated 

underreducedpressure. Theresiduewaspurifiedbysilicagelcolumnchromatography, 

eluted with dichloromethane:methyl alcohol (9:1) to afford methyl 5-(2-bromo-5

fluoropyridine-4-amido)-2-methylpyrazole-3-carboxylate(2.36g,68%yield)asapinksolid.  

LCMS(ESImlz):357[M+H]~.  

[0288] A250mLroundbottomflaskwaschargedwithmethyl5-(2-bromo-5

fluoropyridine-4-amido)-2-methylpyrazole-3-carboxylate(4.00g, 11.2mmol, 1.00eq.), 

trimethyl-1,3,5,2,4,6-trioxatriborinane(16.9g,67.2mmol,6.00eq.,50%wtinTHF), 

Pd(dppf)C12.CH2Cl2(0.91g,1.12mmol,0.10eq.),potassiumcarbonate(4.64g,33.6mmol, 

3.00eq.)and1,4-dioxane(30mL). The e wasstinedfor16hat110 0 Cundera 

nitrogenatmosphere. Thereactionwasquenchedwithwater(100mL). Themixturewas 

extractedwithethylacetate(3x200mL).Theorganiclayerswerecombinedwashedwith 

saturatedsodiumchloridesolution(3x50mL),driedoveranhydroussodiumsulfatefiltered 

andconcentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatographyelutedwithdichloromethane:methylalcohol(12:1)toaffordmethyl5-(5

fluoro-2-methylpyridine-4-amido)-2-methylpyrazole-3-carboxylate(2.91g,89%yield)asa 

yellowsolid.LCMS(ESImlz):293[M+H]~.  

methylpyridine-4-amido)-2-methylpyrazole-3-carboxylate(700mg,2.34mmol,1.00eq.),4

(2-methylpropyl)-1H-pyrazole(357mg,2.88mmol,1.20eq.),cesiumcarbonate(1.56g,4.79 

mmol,2.00eq.)andDMF(40mL).Themixturewasstinedforovernightat120 0 C.The 

reactionwasquenchedwithwater(100mL). ThepHvalueofthemixturewasacidifiedto6 

withHCl(aq.1molIL). Themixturewasextractedwithethylacetate(3x80mL). The 

combinedorganiclayerswerewashedwithsaturatedsodiumchloridesolution(3x40mL) 

anddriedoveranhydroussodiumsulfate.Afterfiltrationthefiltratewasconcentratedunder 

reducedpressure. Theresiduewaspurifiedbysilicagelcolumnchromatographyeluted 

with dichloromethane:methanol (6:1) to afford 2-methyl-5-{2-methyl-5-L4-(2
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[0289] A100mLroundbottomflaskwaschargedwithmethyl5-(5-fluoro-2-
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methylpropyl)pyrazol-1-yl]pyridine-4-amido}pyrazole-3-carboxylic acid (372 mg, 41% 

yield)asatansolid.LCMS(ESImlz):383[M+H]~.  

[0290] A100niLroundbottomflaskwaschargedwith2-methyl-5-{2-methyl-5

[4-(2-methylpropyl)pyrazol-1-yl]pyridine-4-amido}pyrazole-3-carboxylicacid(500mg,1.31 

mmol,1.00eq.),EDCI(376rug,1.96mmol,1.50eq.),HOBt(265ing,1.96mmol,1.50eq.), 

DIBA(845mg,6.54mmol,5.00eq.),DMF(20mL)andmethylamine(30-33wtin 

absoluteethanol,1.0mL). Themixturewasstirredforovernightatrt. Thereactionwas 

quenchedwithwater(100mL).Themixturewasextractedwithethylacetate(3x80mL).  

Thecombinedorganiclayerswerewashedwithsaturatedsodiumchloridesolution(3x40 

mL)anddriedoveranhydroussodiumsulfate.Afterfiltrationthefiltratewasconcentrated 

underreducedpressure. Theresiduewaspurifiedbysilicagelcolumnchromatography, 

eluted with dichloromethane:methanol (13:1) to afford 2-methyl-N-[1-methyl-5

(methylcarbamoyl)pyrazol-3-yl]-5- [4-(2-methylpropyl)pyrazol-1-yl]pyridine-4-carboxamide 

(253mg,49%yield)asabrownyellowsolid.LCMS(ESImlz):396[M+H]~.  

[0291] A100mLroundbottomflaskwaschargedwith2-methyl-N-[1-methyl-5

(methylcarbamoyl)pyrazol-3-yl]-5- [4-(2-methylpropyl)pyrazol-1-yl]pyridine-4-carboxamide 

(710mg,1.76mmol,1.00eq.),1,10-phenanthroline(129mg,0.718mmol,0.40eq.),Cul 

(68.4mg,0.359mmol,0.20eq.),EtONa(367mg,5.39mmol,3.00eq.)andDMF(20mL).  

Themixturewasstinedfor2daysat110 0 Cunderanoxygenatmosphere.Thereactionwas 

quenchedbywater(100mL). Themixturewasextractedwithethylacetate(3x80mL).  

mL)anddriedoveranhydroussodiumsulfate.Afterfiltrationthefiltratewasconcentrated 

underreducedpressure.Theresiduewaspurifiedbyprep-TLC(ethylacetate:methylalcohol 

(15:1) to afford N,2-dimethyl-5-[11-methyl-5-(2-methylpropyl)-8-oxo-2,3,7,12

tetraazatricyclo[7.4.0.0A{2,6I]trideca~1(9),3,5,10,12-pentaen-7-yl]pyrazole-3-carboxamide 

(211mg,30%yield)asabrownyellowsolid.LCMS(ESImlz):394LM+H]~ 

[0292] A 100 mL round-bottom flask was charged with 4-L5

(cyclopropylmethyl)-11-methyl-8-oxo-2,3,7,12~tetraazatricyclo~7.4.O.OA{2,6}]trideca

1(9),3,5,10,12-pentaen-7-yl]-N-methylbenzamide(300mg,0.763mmol,1.00eq.),10%Pd/C 

(20mg),glacialaceticacid(20mL)andethylacetate(20mL). Themixturewasstirred 

overnightat60 0 Cunderahydrogenatmosphere(2-3atm).Thesolidswerefilteredoffand 
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Thecombinedorganiclayerswerewashedwithsaturatedsodiumchloridesolution(3x40
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thefiltercakewaswashedwithethylacetate(3x50niL). Thefiltratewasconcentrated 

under reduced pressure to afford 3-(3-isobutyl-7-methyl-5-oxo-6,7,8,9

tetrahydropyrazoloII1,5-a]pyrido[4,3-e]pyrimidin-4(5H)-yl)-N,1-diinethyl-1H-pyrazole-5

carboxarnide(280mgcrude)asapinkoil.LCMS(ESImlz):398[M+H]~ 

[0293] A100ruLround-bottomflaskchargedwith4N,2-dimethyl-5-[11-methyl

5-(2-methylpropyl)-8-oxo-2,3,7,12~tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-trien-7

yl]pyrazole-3-carboxamide (100 mg, 0.252 mmol, 1.00 eq.), 4-bromo-3

(trifluoromethyl)benzoicacid(81.2mg,0.302mmol,1.20eq.),EDCI(72.3mg,0.378mmol, 

1.50eq.),HOBt(51.0mg,0.378mmol,1.50eq.),DIBA(162mg,1.26mmol,5.00eq.)and 

DMF(20mL).Themixturewasstirredforovernightatrt.Thereactionwasquenchedwith 

water(100mL).Themixturewasextractedwithethylacetate(3x50mL).Thecombined 

organiclayerswerewashedwithsaturatedsodiumchloridesolution(3x30mL)anddried 

overanhydroussodiumsulfate.Afterfiltrationthefiltratewasconcentratedunderreduced 

pressure.Theresiduewaspurifiedbyprep-TLCwithethylacetate:MeOH(12:1)toafford 

thecrudeproduct.Thecrudeproductwasseparatedbyprep-chiral-HPLC:Column: 

CHIRALPAKIF,2x25cm,5umMobilePhaseA:MtBE(O.5%2MNH3-MeOH)--HPLC, 

MobilePhaseB:EtOH--HPLC;Flowrate:15mL/min;Gradient:50%Bto50%Bin12 e 

toafford5-[(11S)-12-[4-bromo-3-(trifluoromethyl)benzoyl]-11-methyl-5-(2-methylpropyl)

8-oxo-2,3,7,12-tetraazatricyclo[7.4.0.OA{2,6}]trideca-1(9),3,5-trien-7-yl]-N,2

dimethylpyrazole-3-carboxamide(77a)(thefirstelutingenantiomer11mg,7%yield)and5

2,3,7,12-tetraazatricyclo [7.4.0.OA{2,6}]trideca-1(9),3,5-trien-7-yl]-N,2-dimethylpyrazole-3

carboxamide(77b)(thesecondelutingenantiomer,6.6mg,4%yield). 1 HNMR(300MHz 

CDCl3 )67.92-7.74(in,2H),7.63-7.37(in,2H),6.62-6.54(in,2H),5.57(s,1H),4.47(s, 

1H),4.41(s,1H),4.22(s,3H),2.91(dJ 4.8Hz,3H),2.83-2.58(in,2H),1.63(dJ 4.1 

Hz,2H),1.44-1.28(in,4H),0.70(dJ 6.6Hz,6H).LCMS(ESImlz):648LM+H]~.  
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r(1iR)-12-[4-bromo-3-(trifluoromethyl)benzoyl]-11-methyl-5-(2-methylpropyl)-8-oxo-
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Example46 
N-methyl-4-Lrac-(11R)-12-L4-bromo-3- (trifluoromethyl)benzoyl]- 11-methyl-8-oxo-5-prop-2
ynyl-2 ,3,7,12-tetrazatricyclo[7.4.O.0A2,6]trideca-1(9),3,5-trien-7-yl]benzamide(7Sa)andN
methyl-4-[rac-(1iS)-12-[4-bromo-3-(trifluoromethyl)benzoyl]-11-methyl-8-oxo-5-prop-2

ynyl-2 ,3,7,12-tetrazatricycloL7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]benzamide(7Sb) 

0 0 

N N 
I~,,~ 

F3 0 N 0 N 

78a 78b 

I 
0 0 0 0 0 

I I 
%~ NPMB NPMB OH PMBNH2  _______________________ 

EDGIHOBtDIFA H Pd(dppf)C12 K2 003  H 
U 0 

DMFrt16h 1,4-dioxane,100 C,16h 

0 0 
HNI NPMB1,10-phenanthroine H2, Pd/C, Boc2O 

N __________________ 
__________ EtONa, Gui. DMF EArt1 l6h 

K2 003 ,DMF, p1  02,110 C,16h 

800 C,16h N 

0 

TFA Boc2O, TEA 

600C, Id \ CHO THF/MeOHrt,4h 
N 

N 

CONHMe 
0 CONHMe 

HOB 0 
I 

OH 

I CHO Cu(OTf)2 ,Py,~2 
N DMF,600 C,16h I 

N 
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CONHMe CONHMe 
0 ~<M~Br TFA, TES 

THF,-10o~ 6h DOM 
-60CC,2h 

N 

CONHMe OH 

TFA, DOM, rt, 1 h 0 
EDOIHOEtDIEADMF 

rt3h 

CONHMe 

0 

prep-Chiral HPLC (78a)+(78b) 

F30 
0 N 

(78) 

e 

[0294] Amixtureof2-broino-5-fluoroisonicotinicacid(5.00g,22.7mniol,1.00 

eq.),(4-methoxyphenyl)icnethanamine(4.68g,34.1mirnol,1.50eq.),EDCI(10.9g,56.8 

mmol,2.50eq.),HOBt(9.21g,68.2minol,3.00eq.)andDIBA(14.7g,114icnmol,5.00eq.) 

inDMF(115mL)wasstinedfor16hatrtandquenchedwithwater(600mL).Themixture 

withwater(3x500mL),driedoveranhydroussodiumsulfatefilteredandconcentrated 

underreducedpressure.Theresiduewaspurifiedbysilicagelcolumnchromatography, 

elutedwith0-100%ethylacetateinpetroleumethertoafford2-bromo-5-fluoro-N-(4

methoxybenzyl)isonicotinamide(7.20g,93%yield)asalightyellowsolid.LCMS(ESI, 

m/z):339[M+H]~.  

[0295] Toamixtureof2-bromo-5-fluoro-N-(4-methoxybenzyl)isonicotinamide 

(7.20g,21.2mmol,1.00eq.),2,4,6-trimethyl-1,3,5,2,4,6-trioxatriborinane(26.6g,106 

mmol,5.00eq.,50%wtinTHF)andpotassiumcarbonate(5.87g,42.5mmol,2.00eq.)in 

1,4-dioxane(105mL)wasaddedPd(dppf)C12.CH2Cl2(1.72g,2.12mmol,0.10eq.).The 

resultingmixturewasstirredfor16hoursat100 0 Cundernitrogen.Thesolidswerefiltered 
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wasextractedwithethylacetate(3x500mL)andtheorganiclayerswerecombinedwashed
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outandthefiltratewasconcentratedunderreducedpressure.Theresiduewaspurifiedby 

silicagelcolumnchromatographyelutedwith0-100%ethylacetateinpetroleumetherto 

afford5-fluoro-N-(4-methoxybenzyl)-2-methylisonicotinamide(5.49g,94%yield)asalight 

brownsolid.LCMS(ESImlz):275[M+H]~.  

[0296] A mixture of 5-fluoro-N-(4-methoxybenzyl)-2-methylisonicotinamide 

(5.21g,19.0mmol,1.00eq.),1H-pyrazole-4-carbaldehyde(2.74g,28.5mmol,1.50eq.)and 

K2 C03 (13.1g,95.0mmol,5.00eq.)inDMF(95mL)wasstirredfor16hoursat80 0 Cand 

quenchedwithwater(400mL).Themixturewasextractedwithethylacetate(3x300mL) 

andtheorganiclayerswerecombinedwashedwithwater(3x500mL),driedover 

anhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewas 

purifiedbysilicagelcolumnchromatographyelutedwith0-100%ethylacetatein 

dichloromethane to afford 5-(4-formyl-1H-pyrazol-1-yl)-N-(4-methoxybenzyl)-2

methylisonicotinamide(6.40g,96%yield)asalightyellowsolid.LCMS(ESImlz):351 

[M+H]~.  

[0297] A mixture of5-(4-formyl-1H-pyrazol-1-yl)-N-(4-methoxybenzyl)-2

methylisonicotinamide(5.50g,15.7mmol,1.00eq.),cuprousiodide(1.20g,6.28mmol, 

0.40eq.),1,10-phenanthroline(1.13g,6.28mmol,0.40eq.)andEtONa(3.2g,47.1mmol, 

3.00eq.)inDMF(160mL)wasstinedfor16hoursat110 0 Cunderoxygen.Thesolidswere 

filteredoutandthefiltratewasconcentratedunderreducedpressure.Theresiduewas 

purified by silica gel column chromatography, eluted with 0-10% methanol in 

a]pyrido[4,3-e]pyrimidine-3-carbaldehyde(3.99g,73%yield)asanoff-whitesolid.LCMS 

(ESIm/z):349[M+H]~.  

[0298] To a suspension of4-(4-methoxybenzyl)-7-methyl-5-oxo-4,5

dihydropyrazolo[1,5-a]pyrido[4,3-e]pyrimidine-3-carbaldehyde(1.50g,4.31mmol,1.00eq.) 

inethylacetate(220mL)wereadded10%Pd/C(0.20g)anddi-tert-butyldicarbonate(9.40, 

43.1mmol,10.0eq.).Theresultingmixturewasstirredfor16hatrtunderhydrogen(2-3 

atm).Thesolidswerefilteredoutandwashedwithdichloromethane(2x100mL).The 

combinedfiltratewasconcentratedunderreducedpressure.Theresiduewaspurifiedby 

silicagelcolumnchromatographyelutedwith0-48%ethylacetateindichloromethaneto 

afford tert-butyl 3-formyl-4-(4-methoxybenzyl)-7-methyl-5-oxo-56,7,9
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dichloromethanetoafford4-(4-methoxybenzyl)-7-methyl-5-oxo-4,5-dihydropyrazolo[1,5-
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tetrahydropyrazolo[1,5-a]pyrido[4,3-e]pyrimidine-8(4H)-carboxylate(1.03g,53%yield)as 

awhitesolid.LCMS(ESImlz):453[M+H]~.  

[0299] Asuspensionoftert-butyl3-formyl-4-(4-inethoxybenzyl)-7-niethyl-5

oxo-5,6,7,9-tetrahydropyrazoloII1,5-a]pyrido[4,3-e]pyriinidine-S(4Th-carboxylate (3.06 

6.76mniol,1.00eq.)inTFA(75niL)wasstirredfor1dayat60 0 Candconcentratedunder 

reducedpressure.Theresiduewastrituratedwithdiethylether/dichiorornethane(280niLv/v 

3/1).Thesolidswerecollectedbyfiltrationwashedwithn-hexane(300mL)anddriedto 

afford 7-methyl-5-oxo-4,5,6,7,8,9-hexahydropyrazolo[1,5-a]pyrido[4,3-e]pyrimidine-3

carbaldehydetrifluoroaceticacidsalt(2.57gcrude)asalightpurplesolidwhichwasused 

inthenextstepdirectlywithoutanyfurtherpurification.LCMS(ESImlz):233[M+H

TFA]~.  

[0300] To a mixture of7-methyl-5-oxo-4,5,6,7,8,9-hexahydropyrazolo[1,5

a]pyrido[4,3-e]pyrimidine-3-carbaldehydetrifluroaceticacidsalt(2.57g,7.43mmol,1.00 

eq.)inTHF/MeOH(100mLv/v 4/1)wereaddedtrimethylamine(7.66g,59.4mmol,8.00 

eq.)andBoc2O(4.73g,21.7mmol,2.92eq.)atrt.Theresultingmixturewasstinedfor4 

hoursatrtandconcentratedunderreducedpressure.Theresiduewaspurifiedbyreverse 

phasechromatographywithfollowingcondition:Column:AgelaC18Column,330 S Mobile 

PhaseA:Water(10mMNH4HCO3),MobilePhaseB:ACN;Flowrate:50mL/min' 

Gradient:0%Bto41%Bin20mm toaffordtert-butyl3-formyl-7-methyl-5-oxo-5,6,7,9

tetrahydropyrazolo[1,5-a]pyrido[4,3-e]pyrimidine-8(4H)-carboxylate(1.68g,68%yield)as 

[0301] To a mixture of tert-butyl 3-formyl-7-methyl-5-oxo-5,6,7,9

tetrahydropyrazoloII1,5-a]pyrido[4,3-e]pyrimidine-8(4H)-carboxylate(S85mg, 2.66mmol, 

1.00eq.)and(4-(methylcarbamoyl)phenyl)boronicacid(2.70g,13.3mmol,5.00eq.)in 

DMF(16mL)wereaddedcopper(II)trifluoromethanesulfonate(2.19g,5.32mmol,2.00eq.) 

andpyridine(1.05g,13.3mmol,5.00eq.)atrt.Theresultingmixturewasstirredfor16 

hoursat600 Cunderoxygenandconcentratedunderreducedpressure.Theresiduewas 

purifiedbyreversephasechromatographywithfollowingcondition:Column:AgelaC18 

Column,330g;MobilePhase S Water(10mMNH4HCO3),MobilePhase S ACN;Flow 

rate:50mL/rmwGradient:0%Bto55%Bin25mm toaffordtert-butyl3-formyl-7-methyl

4-(4-(methylcarbamoyl)phenyl)-5-oxo-5,6,7,9-tetrahydropyrazolo1,5-a]pyridoL4,3
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alightyellowsolid.LCMS(ESIm/z):333[M+H]~.
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e]pyrimidine-8(4H)-carboxylate(828mg,67%yield)asalightyellowsolid.LCMS(ESI, 

m/z):466[M+H]~.  

[0302] To a solution of tert-butyl 3-forniyl-7-niethyl-4-(4

(inethylcarbainoyl)phenyl)-5-oxo-5,6,7,9-tetrahydropyrazoloII1,5-a]pyrido[4,3-e]pyrimidine

8(4H)-carboxylate (682 rug, 1.46 rurnol 1.00 eq.) in THF (30 mL) was added 

ethynylmagnesiunibromide(29.3mL,14.6mmol,10.0eq.,0.5MsolutioninTHF)at-78 0 C 

undernitrogenthenstirredfor6hoursat-10 0 C.Thereactionmixturewasquenchedwith 

saturatedaqueousammoniumchloride(100mL)at0 0 C.Themixturewasextractedwith 

ethylacetate(3x300mL)andtheorganiclayerswerecombinedwashedwithwater(3x 

500mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwith0-80% 

ethylacetateindichloromethanetoaffordtert-butyl3-(1-hydroxyprop-2-yn-1-yl)-7-methyl

4-(4-(methylcarbamoyl)phenyl)-5-oxo-5,6,7,9-tetrahydropyrazoloII1,5-a]pyrido[4,3

e]pyrimidine-8(4H)-carboxylate(462mg,64%yield)asalightyellowsolid.LCMS(ESI, 

m/z):492[M+H]~.  

[0303] Toasolutionoftert-butyl3-(1-hydroxyprop-2-yn-1-yl)-7-methyl-4-(4

(methylcarbamoyl)phenyl)-5-oxo-5,6,7,9-tetrahydropyrazoloII1,5-a]pyrido[4,3-e]pyrimidine

8(4H)-carboxylate(462mg,0.940mmol,1.00eq.)inDCM(45mL)wasaddedTFA(4.5 

mL)andtriethoxysilane(4.5mL)at-78 0 Cundernitrogen.Thenthemixturewasstinedfor 

2hoursat-60 0 Candconcentratedunderreducedpressure.Theresiduewaspurifiedby 

MobilePhaseA:Water(0.05%TFA),MobilePhaseB:ACN;Flowrate:40mE/mm' 

Gradient:0%Bto100%Bin40mm'WaveLength:220nmtoaffordtert-butyl7-methyl-4

(4-(methylcarbamoyl)phenyl)-5-oxo-3-(prop-2-yn-1-yl)-5,6,7,9-tetrahydropyrazolo[1,5

a]pyrido[4,3-e]pyrimidine-8(4H)-carboxylate(172mg,38%yield)asalightyellowsolid.  

LCMS(ESImlz):476LM+H]~.  

[0304] Toasolutionoftert-butyl7-methyl-4-(4-(methylcarbamoyl)phenyl)-5

oxo-3-(prop-2-yn-1-yl)-5,6,7,9-tetrahydropyrazoloL1,5-a]pyridoL4,3-e]pyrimidine-8(4H)

carboxylate(172mg,0.360mmol,1.00eq.)inDCM(12mL)wasaddedTFA(4mL).The 

resultingmixturewasstirredfor1houratrtandconcentratedunderreducedpressure.The 

residuewaspurifiedbyreversephasechromatographywithfollowingcondition:Column: 
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reversephasechromatographywithfollowingcondition:Column:AgelaC18Column120g;
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AgelaCisColumn120g~MobilePhaseA:Water(0.05%TFA),MobilePhaseB:ACN; 

Flowrate:40niL/miwGradient:0%Bto100%Bin40mm toaffordN-methyl-4-(7-methyl

5-oxo-3-(prop-2-yn-1-yl)-6,7,8,9-tetrahydropyrazolo[1,5-a]pyrido[4,3-e]pyrimidin-4(5H)

yl)benzamidetrifluoroaceticacidsalt(118mg,67%yield)asalightbrownsolid.LCMS 

(ESImlz):376[M+H-TFA]~.  

[0305] A mixture of N-methyl-4-(7-methyl-5-oxo-3-(prop-2-yn-l-yl)-6,7,8,9

tetrahydropyrazoloII1,5- a]pyrido[4,3-e]pyrimidin-4(5H)-yl)benzamide trifluoroacetic acid 

salt(208mg,0.425mmol,1.00eq.),4-bromo-3-(trifluoromethyl)benzoicacid(226mg, 

0.840mmol,1.97eq.),EDCI(266mg,1.40mmol,3.29eq.),HOBT(225mg,1.68mmol, 

3.95eq.)andDIBA(0.548g,4.25mmol,10.0eq.)inDMF(10mL)wasstirredfor3hours 

atrt.Thesolidswerefilteredoutandthefiltratewaspurifiedbyreversephase 

chromatographywithfollowingcondition:Column:AgelaC18Column120g;MobilePhase 

A:Water(10mMNLbHCO3),MobilePhaseB:ACN~Flowrate:50 , Gradient:0% 

Bto100%Bin40min'WaveLength:220nmtoaffordthecrudeproduct.Thentheproduct 

wasre-purifiedbyprep-HPLCwithfollowingcondition:Column:XBridgePrepOBDC18 

Column, 30 x150 mm, 5 um' Mobile Phase A: Water (10 mmol/L 

S 

NH4HCO3+0.1%NH3.H20),MobilePhaseB:ACN;Flowrate:60mL/minGradient:34%B 
to64%Bin7mm toafford4-(8-(4-bromo-3-(trifluoromethyl)benzoyl)-7-methyl-5-oxo-3

(prop-2-yn-1-yl)-6,7,8,9-tetrahydropyrazolo[1,5-a]pyrido[4,3-e]pyrimidin-4(5H)-yl)-N

methylbenzamide(166mg,62%yield)asawhitesolid.LCMS(ESImlz):626[M+H]~.  

methyl-5-oxo-3-(prop-2-yn-1-yl)-6,7,8,9-tetrahydropyrazolo[1,5-a]pyrido[4,3-e]pyrimidin

4(5H)-yl)-N-methylbenzamide(78)(166mg)waspurifiedbyprep-ChiralHPLCwith 

followingcondition:Column:CHIRALARTAmylose-SA,2x25cm,5um'MobilePhase 

A:MtBE(0.5%2MNH3-MeOH)--HPLCMobilePhaseB: S Flowrate:20 

mL/minU, Gradient: 50% B to 50% B in 11.5 mm to afford(R)-4-(8-(4-bromo-3

(trifluoromethyl)benzoyl)-7-methyl-5-oxo-3-(prop-2-yn-1-yl)-6,7,S,9

tetrahydropyrazolo1,5-a]pyridoL4,3-e]pyrimidin-4(5H)-yl)-N-methylbenzamide (78a) (the 

first eluting enantiomer 44.0 mg) as a white solid and (S)-4-(8-(4-bromo-3

(trifluoromethyl)benzoyl)-7-methyl-5-oxo-3-(prop-2-yn-1-yl)-6,7,S,9

tetrahydropyrazolo1,5-a]pyridoL4,3-e]pyrimidin-4(5H)-yl)-N-methylbenzamide (7Sb) (the 
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[0306] The racemic product 4-(8-(4-bromo-3-(trif7luoromethyl)benzoyl)-7-
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secondelutingenantioiner42.0mg)asawhitesolid.LCMS(ESImlz):626[M+H]~. 1 H 

NMR(400MHzCDCl 3 )67.95-7.93(in,2H),7.84-7.80(in,3H),7.52-7.40(in,3H),6.38

6.36(in,1H),5.84-5.59(brin,1H),4.69-4.30(hrin,1H),3.05(dJ 4.8Hz,3H),2.88-2.66 

(in,2H),2.49(dJ 2.7Hz,2H),2.00(dJ 2.8Hz, 1H),1.33(dJ 6.8Hz,3H).  

Exainpie47 
II[4-[(11S)-12-[4-broino-3-(trifluoroinethyl)benzoyl]-5-(cyclopropylinethyl)-11-inethyl-8

oxo-2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]benzoyl]-inethyl
ainino]inethyl(2S)-2-ainino-3-inethyl-butanoate(90)andN-(hydroxyinethyl)-N-inethyl-4
[rac-(11S)-12-[4-broino-3-(trifluoroinethyl)benzoyl]-5-(cyclopropylinethyl)-11-inethyl-8

oxo-2,3,7,12~tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]benzainide(91) 

0 
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0 
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(91) 
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itovernight 
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0 0 

N 0 NH2HCI 
HOI, dioxane I 

rt,2h 

0 

(90) 

[0307] A 250 mL round-bottom flask was charged with (2S)-2-L(tert

butoxycarbonyl)amino]-3-methylbutanoicacid(2.00g,9.21mmol,1.00eq.),chioromethyl 

sulfurochioridate(1.82g,11.0mmol,1.20eq.),Bu4NHSO4(1.56g,4.60mmol,0.50eq.), 

sodiumbicarbonate(2.32g,27.6mmol,3.00eq.),water(50mL)anddichioromethane(50 

mL)at00 C.Theresultingsolutionwasstirredforovernightatrtanddilutedwith 

dichloromethane(100mL).Themixturewaswashedwithwater(3x80mL).Theorganic 

layerswerecombineddriedoveranhydroussodiumsulfatefilteredandconcentratedunder 

reducedpressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwith 

ethylacetate/petroleum(1110)toaffordchloromethyl(2S)-2-L(tert-butoxycarbonyl)amino]- 3

methylbutanoate(566mg,23%yield)asacolorlessoil.LCMS(ESImlz):266[M+H]~ 

[0308] A100mLround-bottomflaskwaschargedwith44(11S)-12-[4-bromo-3

(trifluoromethyl)benzoyl]-5- (cyclopropylmethyl)-11-methyl-8-oxo-2,3,7,12

etraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-trien-7-yl]-N-methylbenzamide (80.0 mg, 

0.125mmol,1.00eq.),chloromethyl(2S)-2-Ijtert-butoxycarbonyl)amino]-3-methylbutanoate 

(66.2mg,0.250mmol,2.00eq.),cesiumcarbonate(81.1mg,0.250mmol,2.00eq.)and 

(50mL).Themixturewasextractedwithethylacetate(3x100mL).Theorganiclayerswere 

combinedwashedwithsaturatedsodiumchloridesolution(3x50mL),driedover 

anhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewas 

purifiedbyPrep-TLCwithethylacetateIpetroleum(8/1)toafford4-[(11S)-12-[4-bromo-3

(trifluoromethyl)benzoyl]- 5- (cyclopropylmethyl)

11-rnethyl-S-oxo-2,3,7,12~tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-trien-7-yl]-N-(hydr 

oxymethyl)-N-methylbenzamide(91)(23.4mg,27%yield)asawhitesolid.LCMS(ESI, 

m/z):672[M+H]~. 1 HNMR(400MHzDMSO-d 6 )68.35(s,1H),8.00-7.91(in,4H),7.88 

(dJ 2.0Hz1H),7.79-7.62(in,2H),7.51-7.45(in,2H),5.64-5.60(in,1H),5.08-5.02(in, 
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DMF(30mL).Theresultingsolutionwasstirredovernightatrtandquenchedwithwater



WO2022/115384 PCT/IiS2021/060366 

1H),4.42-4.27(ni,1H),4.16-4.10(in,1H),3.91-3.85(in,1H),2.52-2.48(ni,4H),2.84-2.78 

(in,4H),1.05(dJ 6.5Hz,1H),0.68-0.52(in,1H),0.35-0.19(in,2H),-0.19--0.24(in,2H).  

[0309] A100niLroundbottoinflaskwaschargedwith4-[(11S)-12-[4-broino-3

(trifluoroinethyl)benzoyl]-5- (cyclopropylinethyl)-11-methyl-8-oxo-2,3,7,12-tetraazatricyclo 

[7.4.0.OA{2,6}]trideca-1(9),3,5-trien-7-yl]-N-(hydroxyinethyl)-N-inethylbenzamide(200nig, 

0.297rurnol, 1.00eq.), (2S)-2-[(tert-butoxycarbonyl)aniino]-3-niethylbutanoicacid(77.5mg, 

0.356nrniol,1.20eq.),DMAP(54.5nig,0.446nmniol,1.50eq.),DCC(92.0ing,0.446mmol, 

1.50eq.)anddichioroniethane(50niL).Theresultingsolutionwasstirredforovernightatrt 

andquenchedwithwater(100niL).Theinixturewasextractedwithdichloroniethane(3x 

100niL).Theorganiclayerswerecombineddriedoveranhydroussodiunisulfatefiltered 

andconcentratedunderreducedpressure.Theresiduewaspurifiedbysilicagelcolunin 

chroniatographyelutedwithethylacetate/petroleuni(1/2)toafford(1- {4-[(1iS)-12-14

broino-3-(trifluoroniethyl)benzoyl]-5-(cyclopropylniethyl)-11-niethyl-8-oxo-2,3,7,12

tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5-trien-7-yl]phenylI-N

isnethylforniainido)niethyl (2S)-2-[(tert-butoxycarbonyl)amino]-3-niethylbutanoate (136.6 

mg,53%yield)asayellowsolid.LCMS(ESImlz):871[M+H]~.  

[0310] A100niLroundbottoniflaskwaschargedwith(1-{4-[(11S)-12-[4

broino-3-(trifluoroniethyl)benzoyl]-5-(cyclopropylniethyl)-11-niethyl-8-oxo-2,3,7,12

tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5-trien-7-yl]phenylI-N
e 

niethylfornianiido)niethyl(2S)-2-[(tert-butoxycarbonyl)aimno]- 3-niethylbutanoate(180nig, 

solutionwasstined2hatrtandconcentratedunderreducedpressure.Thecrudeproductwas 

purified byPrep-HPLCwithfollowingconditions:Column:XBridgePrepOBDC18 

Colunin,30x150mm,5uni'MobilePhaseA:Water(0.05%TFA),MobilePhaseB:ACN; 

Flowrate:60mE/mm'Gradient:33%Bto63%Bin7ruintoafford(1-{4-L(11S)-12-L4

bronio-3-(trifluoroniethyl)benzoyl]- 5-(cyclopropylniethyl)-11-niethyl-8-oxo-2,3,7,12

tetraazatricyclo~7.4.O.OA{2,61]trideca-1(9),3,5-trien-7-yl]phenyl}-N

niethylforniamido)niethyl(2S)-2-aniino-3-niethylbutanoatehydrochloride(90)(40.9rug, 

25%yield)asawhitesolid. 1 HNMR(400MHzDMSO-d 6 )68.67(s,1H),8.39(s,2H), 

8.13-7.97(in,3H),7.96-7.85(in,2H),7.82-7.72(in, 1H),7.63(ddJ 8.6,2.1Hz1H), 

7.51-7.39(in,1H),7.31-6.99(in,2H),5.95(s,1H),4.86(dJ 36Hz2H),4.38(in,1H), 
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0.206nrniol,1.00eq.)andhydrogenchloride(30niL1Min1,4-dioxane). Theresulting



WO2022/115384 PCT/IiS2021/060366 

3.92(dJ 49Hz1H),2.85-2.83(in,4H),2.78-2.63(in,1H),2.19-1.98(in,1H),1.47-1.33 

(in,2H),1.03(dJ 6.4Hz,3H),0.93(tJ 6.8Hz,6H),0.62-0.57(in,1H),0.39-0.22(in, 

2H),-0.11--0.13(in,2H).LCMS(ESIinlz):771[M+H-HC1]~ 

Exainpie48 
(11R)-12-L4-broino-3-(trifluoroinethyl)benzoyl]-5-isobutyl-11-inethyl-7- 14-(4-inethyl-1,2,4
triazol-3-yl)phenyl]-2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-8-one(60a) 
and(11S)-12-[4-broino-3-(trifluoroinethyl)benzoyl]-5-isobutyl-11-inethyl-7-[4-(4-inethyl
1,2,4-triazol-3-yl)phenyl]-2,3,7,~ 
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[0311] Toastirredsolutionofacetonitrile(3.00g,73.1mmol,1.00eq.)inTHF 

(100mL)wasaddedLDA(36.6mL,73.1mmol,1.00eq.,2MinTHF)dropwiseover2hat

780Cunderanitrogenatmosphere. Themixturewasstirredfor1hat-78 0 C. Isobutyl 

bromide(11.0g,80.4mmol,1.10eq.)inTHF(100mL)wasaddeddropwise.Themixture 

wasstirredfor16hatrt.ThereactionwasquenchedwithsaturatedNH4Cl(200mL)atrt.  

Themixturewasextractedwithdichioromethane(3x200mL). Thecombinedorganic 

layerswerewashedwithbrine(3x200mL)anddriedoveranhydroussodiumsulfate.After 

filtrationthefiltratewasconcentratedunderreducedpressuretoafford4-methylpentanitrile 

(7.00gcrude)asadarkyellowoil.GCMS(ESIm/z):97[M]~.  

[0312] Toastirredmixtureof4-methylpentanitrile(7.00g,72.0mmol,1.00eq.) 

inTHF(200mL)wasaddedt-BuOK(24.2g,216mmol,3.00eq.)at0 0 Cunderanitrogen 

185 

(60a) (60b)
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e 

atmosphere. Themixturewasstirredfor15millatrtunder nitrogenatmosphere. Ethyl 

formate(26.7g,360mmol,5.00eq.)wasaddeddropwiseveryslowlyandthemixturewas 

stirredforovernightatrtunderanitrogenatmosphere.Thereactionwasquenchedwith1.0 

MHCl(500mL)at0 0 C.Themixturewasextractedwithethylacetate(3x500mL).The 

combinedorganiclayerswerewashedwithbrine(2x500mL)anddriedoveranhydrous 

sodiumsulfate. Afterfiltrationthefiltratewasconcentratedunderreducedpressureto 

afford2-formyl-4-methylpentanenitrile(8.00g,89%yield)asadarkyellowoil. GCMS 

(ESIm/z):125[M]~.  

[0313] A 500 mL round-bottom flask was charged with 2-formyl-4

methylpentanenitrile(16.0g,128mmol,1.00eq.),[(4-methoxyphenyl)methyl]hydrazine 

hydrochloride(16.9g,89.5mmol,0.70eq.),EtOH(300mL)andH 2 0(60mL).Themixture 

wasstinedovernightat85 0 Cunderanitrogenatmosphereandthenconcentratedunder 

reducedpressure. ThemixturewasbasifiedtopH8withsaturatedNaHCO3(aq.). The 

mixturewasextractedwithethylacetate(3x500mL).Thecombinedorganiclayerswere 

washedwithbrine(2x500mL)anddriedoveranhydroussodiumsulfate.Afterfiltration 

thefiltratewasconcentratedunderreducedpressure.Theresiduewaspurifiedbysilicagel 

column chromatography, eluted with ethyl acetate:hexane (1:1) to afford 

methoxyphenyl)methyl]-4-(2-methylpropyl)pyrazol-3-amine(12.0g,36%yield)asadark 

yellowoil.LCMS(ESImlz):260[M+H]~.  

[0314] A 500 mE round-bottom flask was charged with 1-1j4

2-bromo-5-fluoropyridine-4-carboxylicacid(6.13g,27.8mmol, 1.20eq.),NNN',N'

tetramethyl-O-(7-azabenzotriazol-1-yl)uroniumhexafluorophospate(5.00g,46.4mmol,2.00 
e 

eq.)),NN-diisopropylethylamine(15.0g,116mmol,5.00eq.)andDMF(100mL). The 

mixturewasstirredforovernightatrtundernitrogen.Thereactionwasquenchedwithwater 

(500mL).Thesolutionwasextractedwithethylacetate(3x500mL).Theorganiclayers 

werecombinedwashedwithbrine(3x500mL),driedoveranhydroussodiumsulfate 

filteredandconcentratedunderreducedpressure. Theresiduewaspurifiedbysilicagel 

columnchromatographyelutedwithethylacetate:petroleumether(3:7)toafford2-bromo-5

fluoro-N-{1- ~4-methoxyphenyl)methyl]-4-(2-methylpropyl)pyrazol-3-yl}pyridine-4

carboxamide(7.66g,72%yield)asadarkyellowoil.LCMS(ESIm/z):461LM+H]~.  

186 

methoxyphenyl)methyl]-4-(2-methylpropyl)pyrazol-3-amine(6.02g,23.2mmol, 1.00eq.),
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[0315] A500ruLround-bottomflaskwaschargedwith2-bronio-5-fluoro-N-{1

[(4-methoxyphenyl)methyl]-4-(2-methylpropyl)pyrazol-3-yl}pyridine-4-carboxamide (2.00 

g,4.34niniol,1.00eq.),triniethyl-1,3,5,2,4,6-trioxatriborinane(5.46g,21.7mmol,5.00eq., 

50%w/winTHF),1,1'-bis(diphenylphosphino)ferrocenepalladiunidichloride(0.354g,0.433 

mmol,0.10eq.),K2C03(1.80g,13.0mniol,3.00eq.)and1,4-dioxane(200mL). The 

mixturewasstirredforovernightat100 0 Cundernitrogen.Thereactionwasquenchedwith 

water(500mL).Thesolutionwasextractedwithethylacetate(3x500mL).Theorganic 

layerswerecombinedwashedwithbrine(2x500mL),driedoveranhydroussodium 

sulfatefilteredandconcentratedunderreducedpressure.Theresiduewaspurifiedbysilica 

gelcolumnchromatographyelutedwithethylacetate:petroleumether(1:1)toafford5

fluoro-N-{1- [(4-methoxyphenyl)methyl]-4-(2-methylpropyl)pyrazol-3-yl}-2-methylpyridine

4-carboxamide(1.32g,77%yield)asadarkyellowoil.LCMS(ESIm/z):397[M+H]~.  

[0316] A100mLround-bottomflaskwaschargedwith5-fluoro-N-{14(4

methoxyphenyl)methyl]-4- (2-methylpropyl)pyrazol- 3-yl}-2-methylpyridine-4-carboxamide 

(1.30g,3.28mmol,1.00eq.)andtrifluoroaceticacid(30mL).Thereactionwasstinedfor1 

dayat600 Candthenconcentratedunderreducedpressure. Theresiduewaspurifiedby 

silicagelcolumnchromatographyelutedwithdichloromethane:methanol(92:8)toafford5

fluoro-2-methyl-N-[4-(2-methylpropyl)-1H-pyrazol-3-yl]pyridine-4-carboxamide (0.816 g, 

90%yield)asayellowsolid.LCMS(ESIm/z):277[M+H]~.  

[0317] A500mLround-bottomflaskwaschargedwith5-fluoro-2-methyl-N-[4

cesiumcarbonate(24.8g,76.0mmol,5.00eq.)andDMF(50mL).Themixturewasstined 

for16hat100 0 C. Thereactionwasquenchedwithwater(300mL). Thesolutionwas 

extractedwithethylacetate(3x500mL).Theorganiclayerswerecombinedwashedwith 

brine(3x500mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunder 

reducedpressuretoafford3-isobutyl-7-methylpyrazolo1,5- a]pyridoL4,3-e]pyrimidin-5(4H)

one(2.30g,59%yield)asawhitesolid.LCMS(ESIm/z):257[M+H]~.  

[0318] A 500 mE round-bottom flask was charged with 3-isobutyl-7

methylpyrazoloL1,5-a]pyridoL4,3-e]pyrimidin-5(4H)-one(5.31g,20.7mmol, 1.00eq.)), 

aceticacid(100mL)and10%palladiumcarbon(0.5g).Thesolutionwasstirredfor16hat 

600 Cunderahydrogenatmosphere(2~3atm).ThesolidwasfilteredoffThefiltratewas 
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(2-methylpropyl)-1H-pyrazol-3-yl]pyridine-4-carboxamide(4.20g,15.2mmol,1.00eq.),
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concentrated under reduced pressure to afford 3-isobutyl-7-methyl-6,7,8,9

tetrahydropyrazolo[1,5-a]pyrido[4,3-e]pyriniidin-5(4H)-one(4.50gcrude)asayellowsolid.  

LCMS(ESIm/z):261[M+H]~.  

[0319] A500mEround-bottomflaskwaschargedwith3-isobutyl-7-methyl

6,7,8,9-tetrahydropyrazolo[1,5-a]pyrido[4,3-e]pyriniidin-5(4H)-one(4.50g,17.3nunol,1.00 

eq.),NN-diisopropylethylamine(11.2g,86.4mmol,5.00eq.),Boc2O(7.54g,34.5mmol, 

2.00eq.)andDCM(200mL). Themixturewasstirredfor2hatrt. Thereactionwas 

quenchedwithwater(200mL).ThesolutionwasextractedwithDCM(3x200mL).The 

organiclayerswerecombinedwashedwithbrine(3x200mL),driedoveranhydrous 

sodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewaspurified 

bysilicagelcolumnchromatographyelutedwithethylacetate:petroleumether(3:7)to 

afford tert-butyl 3-isobutyl-7-methyl-5-oxo-5,6,7,9-tetrahydropyrazolo[1,5-a]pyrido[4,3

e]pyrimidine-8(4H)-carboxylate(5.12g,82%yield)asanoff-whitesolid.LCMS(ESIm/z): 

361[M+H]~.  

[0320] A 250 mL round-bottom flask was charged with 4

bromobenzoylhydrazine(10.0g,46.5mmol,1.00eq.),DMF-DMA(6.65g,55.8mmol,1.20 

eq.)andDMF(60mL).Themixturewasstirredfor2hat130 0 C.Themixturewascooled 

tort.CH3NH2(17.5g,186mmol,4.00eq.,33%inEtOH)andAcOH(16.8g,270mmol, 

6.00eq.)wereadded.Themixturewasstined2hat130 0 C.Thereactionwasquenched 

withwater(100mL).ThepHvalueofthemixturewasadjustedto7withNaOH(2molIL) 

washedwithwater(3x100mL),driedoveranhydroussodiumsulfatefilteredand 

concentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatographyelutedwithCH2Cl2:MeOH(10:1)toafford3-(4-bromophenyl)-4-methyl

1,2,4-triazole(4.80g,43%yield)asalightyellowoil.LCMS(ESImlz):238[M+H]~.  

[0321] A250mLround-bottomflaskwaschargedwith3-(4-bromophenyl)-4

methyl-1,2,4-triazole(4.80g,20.2mmol,1.00eq.),2-(5,5-dimethyl-1,3,2-dioxaborinan-2

yl)-5,5-dimethyl-1,3,2-dioxaborinane(5.69g,25.2mmol,1.50eq.),Pd(PPh 3 )2 C12 (1.18g, 

1.68mmol,0.10eq.),KOAc(5.94g,60.5mmol,3.00eq.)andDMSO(40mL). The 

solutionwasstirredforovernightat60 0 Cunderanitrogenatmosphere.Themixturewas 

extractedwithethylacetate(3x300mL).Thecombinedorganiclayerswerewashedwith 

188 

andthenextractedwithethylacetate(3x300mL). Theorganiclayerswerecombined,
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water(3x300mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunder 

reducedpressure. TheresiduewaspurifiedbyreverseHashchromatographywiththe 

followingconditions:columnCiscolumnmobilephaseACNinwater(0.05%TFA),10% 

to50%gradientin23miwdetectorUV254nmtoafford4-(4-methyl-1,2,4-triazol-3

yl)phenylboronicacid(2.74g,67%yield)asalightyellowoil. LCMS(ESImlz):204 

[M+H]~.  

[0322] A100mLround-bottomflaskwaschargedwithtert-butyl11-methyl-5-(2

methylpropyl)-8-oxo-2,3,7,12~tetraazatricyclo[7.4.0.0A{2,6}]trideca-1(9),3,5-triene-12

carboxylate(300mg,0.832mmol,1.00eq.),4-(4-methyl-1,2,4-triazol-3-yl)phenylboronic 

acid(253mg,1.25mmol,1.50eq.),Cu(OAc)2(151mg,0.832mmol,1.00eq.),Et3N(253 

mg,2.47mmol,3.00eq.)andDCM(10mL).Themixturewasstirredfor2hatrtunderan 

oxygenatmosphere. Thereactionwasquenchedwithwater(100mL). Themixturewas 

extractedwithDCM(3x100mL).Theorganiclayerswerecombinedwashedwithwater(3 

x100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwithethyl 

acetate:petroleumether(1:1)toaffordtert-butyl11-methyl-7-[4-(4-methyl-1,2,4-triazol-3

yl)phenyl]-5-(2-methylpropyl)-8-oxo-2,3,7,12-tetraazatricyclo[7.4.0.OA{2,61]trideca

1(9),3,5-triene-12-carboxylate(100mg,23%yield)asayellowsolid. LCMS(ESImlz): 

518[M+H]~.  

[0323] A100mLroundbottomflaskwaschargedwithtert-butyl11-methyl-7-[4

tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5-triene-12-carboxylate(100mg,0.193mmol, 

1.00eq.),TFA(2.00mL)andDCM(10mL).Themixturewasstirredfor4hatrtandthen 

concentratedunderreducedpressuretoafford11-methyl-7-[4-(4-methyl-1,2,4-triazol-3

yl)phenyl]-5-(2-methylpropyl)-2,3,7,12~tetraazatricyclo[7.4.0.0A{2,6}]trideca~1(9),3,5-trien

8-onetrifluoroaceticacidsalt(90mgcrude)asayellowoil. LCMS(ESImlz):418[M

TFA+H]~.  

[0324] A40mLvialwaschargedwith11-methyl-7-L4-(4-methyl-1,2,4-triazol-3

yl)phenyl]-5-(2-methylpropyl)-2,3,7,12~tetraazatricycloL7.4.0.0A{2,6}]trideca~1(9),3,5-trien

8-one trifluoroacetic acid salt (90.0 mg, 0.169 mmol, 1.00 eq.), 4-bromo-3

(trifluoromethyl)benzoicacid(69.7mg,0.259mmol,1.50eq.),EDCI(62.0mg,0324mmol, 
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(4-methyl-1,2,4-triazol-3-yl)phenyl]-5-(2-methylpropyl)-8-oxo-2,3,7,12-
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1.90eq.),HOBT(43.7ing,0.324mmol,1.90eq.),DIBA(83.6rug,0.648mniol,3.80eq.) 

andDMF(10mL).Themixturewasstirredforovernightatrt.Thereactionwasquenched 

withwater(50niL).ThemixturewasextractedwithEtOAc(3x100niL).Thecombined 

organiclayerswerewashedwithwater(3x80mL),driedoveranhydroussodiumsulfate 

filteredandconcentratedunderreducedpressure. Theresiduewaspurifiedbyprep-TLC 

withCH2Cl2:MeOH(10:1)toaffordthecrudeproduct.Thecrudeproductwaspurifiedby 

prep-chiral-HPLCwiththefollowingconditions:Column:CHIRALARTAmylose-SA,2x 

25cm,5gm~MobilePhaseA:MtBE(0.5%2MNH3-MeOH)--HPLCMobilePhaseB: 
e 

EtOH--HPLQFlowrate:20mL/miwGradient:50%Bto50%Bin12rmntoafford(1iR)

12-(4-bromo-3-chlorobenzoyl)-11-methyl-7-14-(4-methyl-1,2,4-triazol-3-yl)phenyl]-5-(2

methylpropyl)-2,3,7,12~tetraazatricyclo~7.4.O.OA{2,61]trideca-1(9),3,5-trien-8-one(60a)(the 

firstelutingenantiomerRt 1.9mm 17.8mg,16%yield)asawhitesolidand(11S)-12

(4-bromo-3-chlorobenzoyl)-11-methyl-7-L4-(4-methyl-1,2,4-triazol-3-yl)phenyl]-5-(2

methylpropyl)-2,3,7,12~tetraazatricyclo~7.4.O.OA{2,61]trideca-1(9),3,5-trien-8-one(6Gb)(the 

secondelutingenantiomerRt 2.63 mm,35mg,32%yield)asawhitesolid.LCMS(ESI, 

m/z):668[M+H]~. 1 HNMR(400MHzCDCl 3 )S8.40(brs,1H),7.93(in,2H),7.86-7.78 

(in,2H),7.66-7.43(in,4H),5.86(brm1H),4.48(brm2H),3.87(s,3H),2.88-2.60(in, 

2H),1.57(dJ 7.0Hz, 2H),1.39-1.19(in,4H),0.61(dJ 6.5Hz,6H).  

Example49 

(cyclopropylmethyl)-11-methyl-8-oxo-2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5
trien-7-yl]benzoyl]amino]methylphosphate(103) 

0 0 
-U 

0 N~0~p0 N 
I 0 

I 

0 

[0325] To a solutionofrac-(S)-4-(8-(4-bromo-3-(trifluoromethyl)benzoyl)-3

(cyclopropylmethyl)-7-methyl-5-oxo-6,7,8,9-tetrahydropyrazoloII1,5-a]pyrido[4,3

e]pyrimidin-4(5H)-yl)-N-(hydroxymethyl)-N-methylbenzamide(410ing,0.610minol,1.00 

eq.)inanhydrousdichloromethane(20mL)wereaddedN-methylimidazole(206mg,2.51 

190 

DimethylImethyl-L4-Lrac-(11S)-12-L4-bromo-3-(trifluoromethyl)benzoyl]-5-
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mmol,4.10eq.)anddiniethylphosphorochioridate(144rug,1.00mmol,1.60eq.)at-20 0 C.  

Themixturewaswarmedtortnaturallyandstirredfor16liatrt. Themixturewas 

concentratedunderreducedpressure.Theresiduewaspurifiedbysilicagelcolumn 

chromatographyelutedwith0-16%methanolindichloromethanetoaffordthecrude 

product. Thecrudeproductwasre-purifiedbyprep-HPLCwiththefollowingcondition: 

Column:XselectCSHCisOBDColumn30x150mm5gm~MobilePhaseA:Water 

S 

(O.05%TFA),MobilePhaseB:ACN;Flowrate:60mL/minGradient:36%Bto65%Bin7 
rmn'WaveLength:254nmtoafforddimethyl[methyl-[4-[rac-(11S)-12-[4-bromo-3

(trifluoromethyl)benzoyl]-5- (cyclopropylmethyl)-11-methyl-8-oxo-2,3,7,12

tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]benzoyl]amino]methylphosphate(103) 

(87.5mg,18%yield)asawhitesolid.LCMS(ESImlz):780[M+H]~. 1 HNMR(300MHz 

Chloroform-d)67.96-7.94(in,3H),7.84(dJ 8.1Hz1H),7.77(s,1H),7.67(ddJ S.1, 

2.0Hz1H),7.46(dJ 8.7Hz2H),6.31(dJ 4.2Hz,1H),6.01(s,1H),5.05-4.98(in, 

1H),4.74-4.67(in, 1H),4.45-4.42(in,1H),3.73(dJ 11.4Hz,6H),3.07(dJ 4.8Hz 

3H),2.94-2.81(in,2H),1.48(dJ 69Hz, 2H),1.07(dJ 6.6Hz,3H),0.66-0.61(in,1H), 

0.45-0.39(in,2H),-0.06- -0.11(in,2H).  

Example50 
Methyl[methyl-[4-[rac-(11S)-12-[4-bromo-3-(trifluoromethyl)benzoyl]-5

(cyclopropylmethyl)-11-methyl-8-oxo-2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5
trien-7-yl]benzoyl]amino]methylhydrogenphosphate(107) 

-p 

0 N~0~pON%% I OH 

0 

[0326] Toasolutionofrac-(S)-(4-(8-(4-bromo-3-(trifluoromethyl)benzoyl)-3

(cyclopropylmethyl)-7-methyl-5-oxo-6,7,8,9-tetrahydropyrazoloII1,5-a]pyrido[4,3

e]pyrimidin-4(5H)-yl)-N-methylbenzamido)methyldimethylphosphate(103)(219ing,0.280 

minol,1.00eq.)inacetonitrile(12mL)wasaddedbromotrimethylsilane(0.320mL2.42 

ininol,8.60eq.)at-20 0 C.Themixturewasstirredfor2hatrtandthenconcentratedunder 

reducedpressure.Theresiduewasdissolvedinmethanol(20mL)andwater(1.25mL).The 

191 

0 0



WO2022/115384 PCT/IiS2021/060366 

mixturewasstirredfor1liatrtandthenconcentratedunderreducedpressure.Theresidue 

waspurifiedbyreversephasechromatographywithfollowingcondition:Column:AgelaC18 

Column,120g~MobilePhaseA:Water(0.05%TFA),MobilePhaseB:ACN;Flowrate:40 

mE/mm Gradient:0%Bto45%Bin30rniwWaveLength:220nmtoaffordthecrude 

product. Thecrudeproductwasre-purifiedbyprep-HPLCwiththefollowingcondition: 

Column:XBridgeShieldRPi 8 OBDColumn,19x250mm,10gm~MobilePhaseA:Water 

S 

(0.05%TFA),MobilePhaseB:ACN;Flowrate:25mL/minGradient:40%Bto65%Bin7 
mm' Wave Length: 254 nm to affordmethyl [methyl-[4-[rac-(115)-12-[4-bromo-3

(trifluoromethyl)benzoyl]-5-(cyclopropylmethyl)-11-methyl-8-oxo-2,3,7,12

tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]benzoyl]amino]methyl hydrogen 

phosphate(107)(28.0mg,13%yield)asawhitesolid.LCMS(ESImlz):766[M+H]~.  

NMR(400MHzMethanol-d4)68.03-7.94(in,4H),7.79-7.68(in,2H),7.53(dJ 8.4Hz 

2H),6.48(brs,1H),4.94-4.92(in,1H),4.82-4.81(in,1H),4.36(brs,1H),3.65(dJ 11.2 

Hz,3H),2.99(s,3H),2.79-2.63(in,2H),1.51-1.49(in,6H),0.65(s,1H),0.40-0.30(in,2H), 

-0.05--0.20(in,2H).  

Example51 
[methyl-[4-[rac-(11S)-12-[4-bromo-3-(trifluoroinethyl)benzoyl]-5-(cyclopropylmethyl)-11

methyl-8-oxo-2,37,12-tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-7
yl]benzoyl]amino]methyldihydrogenphosphate(110) 

0 0 

I OH 

0 

[0327] Toasolutionofrac-(S)-(4-(8-(4-broino-3-(trifluoromethyl)benzoyl)-3

(cyclopropylinethyl)-7-methyl-5-oxo-6,7,8,9-tetrahydropyrazoloII1,5-a]pyrido[4,3

e]pyriinidin-4(5H)-yl)-N-inethylbenzamido)methyldimethylphosphate(103)(181ing,0.230 

mmol 1.00 eq.) in anhydrous dichloromethane (10 inL) was added NO

bis(triinethylsilyl)acetainide(0.630inL,2.55minol,11.0eq.)atrt.Themixturewasstined 

for1hatrtundernitrogen.lodotriinethylsilane(0.270mL,1.86ininol,8.00eq.)wasadded 

at-780 C.Themixturewasstinedfor3hatrtandthenconcentratedunderreducedpressure.  
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Theresiduewasdissolvedinacetonitrile(7niL)andwater(3niL),stirredfor5minutesatrt 

andconcentratedunderreducedpressure. Theresiduewaspurifiedbyreversephase 

chromatographywithfollowingcondition:Column:AgelaC18Column120g;MobilePhase 

A:Water(0.05%TFA),MobilePhaseB:ACN;Flowrate:40 , Gradient:0%Bto 

50%Bin30 e WaveLength:220nmtoaffordthecrudeproduct.Thecrudeproductwas 

re-purifiedbyprep-HPLCwiththefollowingcondition: S XselectCSHCisOBD 

Column30x150mm5gmn;MobilePhaseA:Water(0.05%TFA),MobilePhaseB:ACN; 

Flowrate:60mL/min'Gradient:47%Bto67%Bin7mm,67%B;WaveLength:254nm' 

RT(min):5.68toafford[methyl-[4-[rac-(11S)-12-[4-bromo-3-(trifluoromethyl)benzoyl]-5

(cyclopropylmethyl)- 11-methyl-8-oxo-2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5

trien-7-yl]benzoyl]amino]methyldihydrogenphosphate(110)(60.0mg,34%yield)asa 

whitesolid.LCMS(ESImlz):752[M+H]~. 1 HNMR(400MHzMethanol-d4)68.03-7.96 

(in,4H),7.83-7.70(in,2H),7.63-7.54(in,2H),5.98(s,1H),4.86-4.80(in,2H),4.54-4.46 

(in,2H),3.05-3.02(in,1H),2.96(s,3H),2.82-2.79(in,1H),1.51(dJ 6.8Hz2H),1.09 

(dJ 6.4Hz,3H),0.68-0.67(iniLl),0.42-0.33(in,2H),-0.11- -0.15(in,2H).  

Example52 
N-methyl-4-[rac-(11R)-5-benzyl-12-[4-bromo-3-(trifluoromethyl)benzoyl]- 11-cyclopropyl
8-oxo-2,3,7,12-tetrazatricycloL7.4.0.0A2,6]trideca-1(9),3,5-trien-7-yl]benzamide(104a)and 

N-methyl-4-[rac-(11S)-5-benzyl-12-[4-bromo-3-(trifluoromethyl)benzoyl]- 11-cyclopropyl-8

CONHMe OONHMe 

e 

0 0 N 

104a 104b 
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Bn 
N PMBNH NH HOI H2 N 

~t- II _____________________ 
t-BuOKTHF EtCHwater N~N 

rL4h 800 C,4h PMB 

0 Br Bn 

V'"0 
H Bn I N-~PMB OH ~ j' 

N N N 

_____________ I H 

HATUDIEADMF N~N Pd(dppf)012 ,K2 003 ,dioxane 

II overnight '4 

PMB 1100 Covernight 
Bn 

NH Gs2003DMF 
%% , TFA N N ____________________ 

600 C,4h H 120~Covernight 
Bn 

CONHMe 0 

NH HO%8  I 
I Pd/CEA,(Boc)2 0 

OH ______________ 

Cu(AcO)2,Et3NDOM overnight 
III2days 

0 0 

NH NH OH 
I I 

p 

rt2h EDGIHOBtDIEADMF 

N TFA ii overnight 

0 0 

[0328] A1Lroundbottomflaskwaschargedwithbeuzylacetonitrile(25.0g, 

0.190mol,1.00eq.)andanhydroustetrahydrofuran(500mL).t-BuOK(64.1g,0.571mol, 

3.00eq.)wasaddedat00 C.Themixturewasstirredfor10minsatrt.Ethylformate(70.6 

g,0.954mol,5.00eq.)wasaddeddropwiseat0 0 C.Thesolutionwasstirredfor4hatrt.  

Thereactionwasquenchedwithwater(1L).Themixturewasextractedwithethylacetate(3 

x500mL).Thecombinedorganiclayerswerewashedwithbrine(2x500mL)andwater 
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(500niL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressuretoafford2-forniyl-3-phenylpropanenitrile(30.0gcrude)asabrownyellowoil.  

[0329] A 1 L round bottom flask was charged with 2-formyl-3

phenyipropanenitrile(30.0g,188nimol,1.00eq.),[(4-niethoxyphenyl)methyl]hydrazine 

hydrochloride(35.5g,188mmol,1.00eq.),EtOH(300mL)andwater(100mL). The 

solutionwasstirredfor4hat80 0 Candthenconcentratedunderreducedpressure. The 

residuewasdilutedwithethylacetate(1L),washedwithwater(3x300mL),driedover 

anhydroussodiumfilteredandconcentratedunderreducedpressure. Theresiduewas 

purifiedbytriturationwithethylacetate(80mL).Thelightyellowsolidwascollectedby 

filtration and dried under reduced pressure to afford 4-benzyl-1-[(4

methoxyphenyl)methyl]pyrazol-3-amine(21.0g,38%yield)asalightyellowsolid.LCMS 

(ESImlz):294[M+H]~ 

[0330] A250mLroundbottomflaskwas chargedwith4-benzyl-1-[(4

methoxyphenyl)methyl]pyrazol-3- amine (10.0 g, 34.1 mmol, 1.00eq.), 2-brorno-5

fluoroisonicotinicacid(9.00g,40.9mmol,1.20eq.),HATU(19.4g,51.1isnmol,1.50eq.), 

DIBA(13.2g,102mind,3.00eq.)andDMF(100mL). Themixturewasstinedfor 

overnightatrt.Thereactionwasquenchedwithwater(500mL).Thesolidswerecollected 

by filtration and dried under reduced pressure to afford N-{4-benzyl-1-[(4

methoxyphenyl)methyl]pyrazol-3-yl}-2-bromo-5-fluoropyridine-4-carboxamide (14.5 
85%yield)asalightyellowsolid.LCMS(ESImlz):495[M+H]~.  

methoxyphenyl)methyl]pyrazol-3-yl}-2-bromo- 5-fluoropyridine-4-carboxamide (1.00 
2.02mmol,1.00eq.),cyclopropylboronicacid(0.220mg,2.42minol,1.20eq.),K 2 C03 

(0.843g,6.06minol,3.00eq.),Pd(dppf)C12(0.148g,0.200mmol,0.100eq.)and1.4

dioxane(20mL)atrt. Themixturewasstirredforovernightat100 0 Cundernitrogen 

atmosphere.Thereactionwasquenchedwithwater(100mL).Themixturewasextracted 

withethylacetate(3x100mL).Theorganiclayerswerecombinedwashedwithbrine(3x 

100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure.TheresiduewaspurifiedbysilicagelcolumnchromatographyelutedwithEA:PE 

(2:1) to affordN-{4-benzyl-1-L(4-methoxyphenyl)methyl]pyrazol-3-yl}-2-cyclopropyl-5
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fluoropyridine-4-carboxanPde(0.50g,54%yield)asayellowsolid.LCMS(ESImlz):457 

[M+H]~.  

[0332] A250ruLround-bottomflaskwaschargedwithN-{4-benzyl-1-1j4

inethoxyphenyl)inethyl]pyrazol-3-yl}-2-cyclopropyl-5-fluoropyridine-4-carboxamide(1.00 

g,2.19mmol,1.00eq.)andtrifluoroaceticacid(20niL)atrt.Themixturewasstirredfor4h 

at600 Candthenconcentratedunderreducedpressure.Themixturewasdilutedwithethyl 

acetate(50mL).Themixturewaswashedwithofsaturatedsodiumbicarbonatesolution(3x 

50mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure.TheresiduewaspurifiedbysilicagelcolumnchromatographyelutedwithEA:PE 

(1:1)toaffordN-(4-benzyl-1H-pyrazol-3-yl)-2-cyclopropyl-5-fluoropyridine-4-carboxamide 
(720mg,98%yield)asalightyellowsolid.LCMS(ESImlz):337[M+H]~.  

[0333] A250mLround-bottomflaskwaschargedwithaddedN-(4-benzyl-1H

pyrazol-3-yl)-2-cyclopropyl-5-fluoropyridine-4-carboxamide(1.00g,2.97nunol,1.00eq.), 

Cs2CO3(2.91g,8.92nunol,3.00eq.)andDMF(25mL)atrt.Themixturewasstinedfor 

overnightat120 0 C. Thereactionwasquenchedwithwater(100mL). Themixturewas 

extractedwithdichloromethane(3x100mL). Theorganiclayerswerecombinedwashed 

withbrine(3x100mL),driedoveranhydroussodiumsulfatefilteredandconcentrated 

underreducedpressure. TheresiduewasrecrystallizedwithBA(20mL). Thesolidwas 

collected by filtration and dried to afford 5-benzyl-11-cyclopropyl-2,3,7,12

tetraazatricyclo[7.4.0.0A{2,6I]trideca~1(9),3,5,10,12-pentaen-S-one(880mg,94%yield)asa 

[0334] A100mLround-bottomflaskwaschargedwith5-benzyl-11-cyclopropyl

2,3,7,12-tetraazatricyclo[7.4.0.OA{2,6}]trideca-1(9),3,5,10,12-pentaen-8-one(400mg,1.26 

nunol,1.00eq.),4-(methylcarbamoyl)phenylboronicacid(271mg,1.52mmol 1.20eq.), 

Cu(OAc)2(230mg,1.26mmol,1.00eq.),Et3N(384mg,3.79mmol,3.00eq.)andDCM(30 

mL)atrt.Themixturewasstirredfor2daysatrtunder02atmosphere.Thereactionwas 
e 

quenchedwithwater(100mL). Themixturewasextractedwithdichloromethane(3x100 

mL). Theorganiclayerswerecombinedwashedwithbrine(3x100mL),driedover 

anhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewas 

purifiedbysilicagelcolumnchromatography, elutedwithBA:PB(1:1)toafford4-{5

benzyl-1~12
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pentaen-7-yl}-N-nrnthylbenzamide(200mg,35%yield)asagreenishsolid. LCMS(ESI, 

m/z):450[M+H]~.  

[0335] A 100 niLround-bottomflaskwas chargedwith4-{5-benzyl-11

cyclopropyl-8-oxo-2,3,7,12-tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5,10,12-pentaen-7

yl}-N-niethylbenzamide(200mg,0.445mniol,1.00eq.),10%Pd/C(20mg),Boc2O(194 

mg,0.890mmol,2.00eq.)andBA(100mL). Themixturewasstirredforovernightatrt 

underhydrogen(2-3atm)atmosphere.ThesolidwasfilteredoffandwashedwithBA(3x 

20mL).Thefiltratewasconcentratedunderreducedpressure.Theresiduewaspurifiedby 

silicagelcolumnchromatographyelutedwithEA:PE(2:1)toaffordtert-butyl5-benzyl-11

cyclopropyl-7- [4-(methylcarbamoyl)phenyl]-8-oxo-2,3,7,12

tetraazatricyclo[7.4.O.OA{2,61]trideca-1(9),3,5-triene-12-carboxylate(110mg,44%yield)as 

anoff-whitesolid.LCMS(ESImlz):554[M+H]~.  

[0336] A100mLround-bottomflaskwaschargedwithtert-butyl5-benzyl-11

cyclopropyl-7- [4-(methylcarbamoyl)phenyl]-8-oxo-2,3,7,12

tetraazatricyclo[7.4.O.OA{2,61]trideca-1(9),3,5-triene-12-carboxylate(100mg,0.181mmol, 

1.00eq.),TFA(2mL)andDCM(10mL).Themixturewasstinedfor2hatrtandthen 

concentratedunderreducedpressuretoafford4-{5-benzyl-11-cyclopropyl-8-oxo-2,3,7,12

tetraazatricyclo[7.4.O.OA{2,61]trideca-1(9),3,5-trien-7-yl}-N-methylbenzamidetrifluoroacetic 

acidsalt(100mgcrude)asayellowoil.LCMS(ESImlz):454[M-TFA+H]~.  

[0337] A40 mLvialwas charged with 4-{5-benzyl-11-cyclopropyl-8-oxo

trifluoroaceticacidsalt(100mg,0.176mmol,1.00eq.),4-bromo-3-(trifluoromethyl)benzoic 

acid(71.2mg,0.264mmol,1.50eq.),EDCI(50.7mg,0.264mmol,1.50eq.),HOBT(35.8 

mg,0.264mmol,1.50eq.),DIBA(142mg,1.10mmol,6.25eq.)andDMF(20mL).The 

mixturewasstinedforovernightatrt. Thereactionwasquenchedwithwater(100mL).  

Themixturewasextractedwithethylacetate(3x100mL). Theorganiclayerswere 

combinedwashedwithbrine(3x100mL),driedoveranhydroussodiumsulfatefiltered 

andconcentratedunderreducedpressure.TheresiduewaspurifiedbyPrep-TLC(PE:EA 

1:1)toaffordthecrudeproduct.ThecrudeproductwaspurifiedbyChiral-Prep-HPLCwith 

thefollowingconditions:Column:CHIRALARTCellulose-SA,2x25cm,5 S Mobile 

PhaseA'MtBE(0.5%2MNH3-MeOH)--HPLCMobilePhaseB:EtOH--HPLC;Flowrate: 
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20ruL/nijirGradient:50%Bto50%Bin16mmWaveLength:220/254nnitoafford4

[rac-(11R)-5-benzyl-12-[4-bronio-3- (trifluoroinethyl)benzoyl]- 11-cyclopropyl-8-oxo

2,3,7,12-tetraazatricyclo[7.4.0.OA{2,6}]trideca-1(9),3,5-trien-7-yl]-N-niethylbenzamide (the 

firstelution,6.0mg,4%yield)asawhitesolid.LCMS(ESImlz):704[M+H]~. 1 HNMR 

(400MHzChloroform-d)ii7.92-7.67(in,4H),7.47(s,2H),7.28(dJ 2.2Hz1H),7.22 

(dJ 8.3Hz, 1H),7.17-7.07(in,3H),6.69(s,2H),6.14(dJ 5.1Hz1H),5.98-4.69(in, 

2H),3.40-2.97(in,6H),2.97-2.78(in,2H),1.32-1.17(in,1H),0.67-0.10(in,4H);and4-[rac

(11S)-5-benzyl-12-[4-bronio-3-(trifluoronrnthyl)benzoyl]-11-cyclopropyl-8-oxo-2,3,7,12
tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5-trien-7-yl]-N-niethylbenzamide (the second 

elution,8.5mg,5%yield)asawhitesolid.LCMS(ESIirilz):704[M+H]~. 1 HNMR(400 

MHzChloroforni-d)tI7.92-7.67(in,4H),7.47(s,2H),7.28(dJ 2.1Hz1H),7.22(dJ 

8.3Hz1H),7.16-7.10(in,3H),6.68(s,2H),6.15(dJ 5.1Hz1H),5.98-4.69(in,2H), 

3.33-2.99(in,6H),2.97-2.76(in,2H),1.30-1.13(in,1H),0.74-0.11(in,4H).  

Exainple53 
rac-(1iR)-12-[4-broino-3-(trifluoroinethyl)benzoyl]-7-[1-(2-hydroxyethyl)benzotriazol-5-yl]
5-isobutyl-11-inethyl-2,3,7,12~tetrazatricycloL7.4.0.0A2,6]trideca~1(9),3,5-trien-8-one(1GSa) 
andrac-(1iS)-12-[4-broino-3-(trifluoroniethyl)benzoyl]-7-[1-(2-hydroxyethyl)benzotriazol
5 -yl]-5-isobutyl-11-inethyl-2,3,7,12-tetrazatricyclo[7.4.0.0A2,6]trideca-1(9),3,5-trien-8-one 

(108b) 

0 N 0 N 

N N 

F3C 

0 N'I 0 N 

lOSa 108b 
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TFA 0 

chiralseparation I08a+I08b 

[0338] A250mEroundbottomflaskwaschargedwith4-bromo-1-fluoro-2

nitrobenzene(10.0g,45.5mmol,1.00eq.),tetrahydrofuran(100mL),ethanolamine(3.33g, 

54.5mrnol,1.20eq.)andtriethylamine(13.8g,136mmol,3.00eq.).Theresultingsolution 

wasstinedfor4hat60 0 C.Themixturewasallowedtocooldowntoroomtemperature 

quenchedwithwater(200mL)andextractedwithethylacetate(3x100mL).Theorganic 
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layerswerecombinedwashedwithsaturatedbrine(3x30niL),driedoveranhydrous 

sodiumsulfatefilteredandconcentratedunderreducedpressuretoafford2-[(4-bromo-2

nitrophenyl)amino]ethanol(12.1gcrude)asayellowsolid.LCMS(ESImlz):261[M+H]~.  

[0339] A 100mLroundbottomflaskwaschargedwith2-[(4-bromo-2

nitrophenyl)amino]ethanol(12.1g,46.3mmol,1.00eq.),aceticacid(40mL)andzinc(9.09 

g,139mmol,3.00eq.).Theresultingsolutionwasstirredforovernightat60 0 C.Themixture 

wasallowedcooldowntoroomtemperatureandthesolidwasfilteredoffThefiltercake 

waswashedwithethylacetate(3x10mL).Thefiltratewasconcentratedunderreduced 

pressure.Thenthemixturewasdilutedwithwater(100mL).Themixturewasextractedwith 

ethylacetate(3x100mL)andtheorganiclayerswerecombinedwashedwithbrine(3x100 

mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.  

TheresiduewaspurifiedbysilicagelcolumnchromatographyelutedwithethylacetateI 

petroleumether(1/10)toafford2-[(2-amino-4-bromophenyl)amino]ethanol(5.60g,52% 

yield)asabrownsolid.LCMS(ESImlz):231[M+H]~.  

[0340] A 100 mLroundbottomflaskwas chargedwith2-[(2-amino-4

bromophenyl)amino]ethanol(5.60g,24.2mmol,1.00eq.),concentratedhydrogenchloride 

(4.1mL)andwater(20mL).Sodiumnitrite(3.01g,43.6mmol,1.80eq.)inwater(10mL) 

wasaddeddropwiseat0 0 C.Themixturewasstinedfor4hat0 0 C.ThepHvalueofthe 

mixturewasadjustedto7-8with10%Na2CO3andthenextractedwithethylacetate(3x50 

mL).Thecombinedorganiclayerswerewashedwithsaturatedbrine(3x50mL),driedover 

purifiedbysilicagelcolumnchromatographyelutedwithEA:PE(1:10)toafford2-(5

bromo-1,2,3-benzotriazol-1-yl)ethanol(1.60g,27%yield)asayellowsolid. LCMS(ESI, 

m/z):242[M+H]~.  

[0341] A100mLroundbottomflaskwaschargedwith2-(5-bromo-1,2,3

benzotriazol-1-yl)ethanol(1.60g,6.61mmol,1.00eq.),dichloromethane(30mL),imidazole 

(2.70g,39.7minol,6.00eq.)andt-butyldimethylchlorosilane(3.98g,26.4mmol,4.00eq.).  

Thesolutionwasstirredfor2hatrt.Thereactionwasquenchedwithwater(100mL).The 

mixturewasextractedwithdichloromethane(3x100mL). Theorganiclayerswere 

combinedwashedwithbrine(3x100mL),driedoveranhydroussodiumsulfatefiltered 

andconcentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 
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chromatography, eluted with EA:PE (1:20) to afford 5-brorno-1-{2-[(tert

butyldimethylsilyl)oxy]ethyl}- 1,2,3-benzotriazole(2.30g,97%yield)asayellowsolid.  

LCMS(ESImlz):356[M+H]~.  

[0342] A 100 ruLroundbottomflaskcharged with 5-bronio-1- {2-[(tert
butyldiniethylsilyl)oxy]ethyl}-1,2,3-benzotriazole(2.30g,6.46mniol,1.00eq.),2-(5,5

dimethyl-1,3,2-dioxaborinan-2-yl)-5,5-dimethyl-1,3,2-dioxaborinane(2.92g, 12.9mmol, 

2.00eq.),potassiumacetate(1.27g,12.9mmol,2.00eq.)andPd(PPh 3 )2 C12 (0.23g,0.323 

mmol,0.05eq.)andDMSO(20mL).Thesolutionwasstirredforovernightat60 0 Cunder 

nitrogenatmosphere. Thereactionwasquenchedwithwater(100mL). Themixturewas 

extractedwithBA(3x100mL).Theorganiclayerswerecombinedwashedwithbrine(3x 

100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure.TheresiduewaspurifiedbysilicagelcolumnchromatographyelutedwithEA:PE 

(1:20)toafford1- {2-[(tert-butyldimethylsilyl)oxy]ethyl}- 1,2,3-benzotriazol-5-ylboronicacid 

(1.10g,44%yield)asayellowsolid.LCMS(ESImlz):390[M+H]~.  

[0343] A 25 mL round bottom flask was charged with 1-{2-[(tert

butyldimethylsilyl)oxy]ethyl}- 1,2,3-benzotriazol-5-ylboronicacid(376mg,1. 17mmol,1.50 

eq.),dichloromethane(10mL),tert-butyl 11-methyl-5-(2-methylpropyl)-8-oxo-2,3,7,12

tetraazatricyclo[7.4.0.OA{2,61]trideca-1(9),3,5-triene-12-carboxylate(281mg,0.780mmol, 

1.00eq.),cupricacetate(141mg,0.780mmol,1.00eq.)andtriethylamine(158mg,1.56 

mmol,2.00eq.)atrtunderoxygenatmosphere.Thesolutionwasstirredforovernightatrt.  

dichloromethane(3x50mL).Theorganiclayerswerecombinedwashedwithbrine(3x50 

mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.  

TheresiduewaspurifiedbyPrep-TLC(ethylacetate1petroleumether 1110)toaffordtert

butyl 7-[1-(2-hydroxyethyl)-1,2,3-benzotriazol-5-yl]-11-methyl-S-oxo-5-propyl-2,3,7,12

tetraazatricycloL7.4.0.OA{2,61]trideca-1(9),3,5-triene-12-carboxylate(140mg,28%yield)as 

abrownsolid.LCMS(ESImlz):636[M+H]~.  

[0344] A250mLroundbottomflaskwaschargedwithtert-butyl7-(1-{2-L(tert

butyldimethylsilyl)oxy]ethyl}- 1,2,3-benzotriazol-5-yl)-11-methyl-S- (2-methylpropyl)-8-oxo

~(140mg,0.283 

mmol,1.00eq.),DCM(6mL)andTFA(1mL). Themixturewasstirredfor2hatrtand 

201 

Thereactionwasquenchedwithwater(50mL). Themixturewasextractedwith
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thenconcentratedunderreducedpressuretoafford7-II1-(2-hydroxyethyl)-1,2,3-benzotriazol

5 -y']-1 1-niethyl-5-(2-methylpropyl)-2,3,7,12~tetraazatricyc1oIj7.4.O.OA{2,6}]trideca~1(9),3,5~ 

trien-S-onetrifluoroaceticsalt(150ingcrude)asabrownsolid.LCMS(ESImlz):422[M

TFA+H]~.  

[0345] A50mEroundbottomflaskwaschargedwith7-[1-(2-hydroxyethyl)

1,2,3-benzotriazol-5-yl]-11-methyl-5-(2-methylpropyl)-2,3,7,12

tetraazatricyclo[7.4.O.OA{2,61]trideca-1(9),3,5-trien-8-onetrifluoroaceticsalt(149mg,0.278 

mmol,1.00eq.),DMF(15mL),4-bromo-3-(trifluoromethyl)benzoicacid(112mg,0.417 

mmol,1.50eq.),HOBT(75.0mg,0.556mmol,2.00eq.),EDCI(106.4mg,0.556mmol, 

2.00eq.)andDIBA(179mg,1.390mmol,5.00eq.).Themixturewasstirredforovernight 

atrtundernitrogenatmosphere. Thereactionwasquenchedwithwater(50mL). The 

mixturewasextractedwithBA(3x30mL). Theorganiclayerswerecombinedwashed 

withbrine(3x30mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunder 

reducedpressure.TheresiduewaspurifiedbyPrep-TLC(dichloromethane:methanol- 5OS1) 

toaffordthecrudeproduct.ThecrudeproductwaspurifiedbyPrep-CHIRAL-HPLCwith 

thefollowingconditions:Column:CHIRALARTCellulose-SA,2x5cm,5 S Mobile 

PhaseA:MtBE(0.5%2MNH3-MeOH)--HPLCMobilePhaseB:EtOH--HPLC;Flowrate: 
20mL/min~Gradient:50%Bto50%Bin9 S 

mmWaveLength:220/254nmtoaffordrac

(11R)-[4-bromo-3- (trifluoromethyl)benzoyl]-7-II1-(2-hydroxyethyl)- 1,2,3-benzotriazol-5-yl]

11-methyl-5-(2-methylpropyl)-2,3,7,12~tetraazatricyclo[7.4.0.0A{2,6}]trideca~1(9), 3, 5

bromo-3-(trifluoromethyl)benzoyl]-7-[1-(2-hydroxyethyl)-1,2,3-benzotriazol-5-yl]-11

methyl-5-(2-methylpropyl)-2,3,7,12~tetraazatricyclo[7.4.0.0A{2,6}]trideca~1(9),3,5-trien-8

one)(lOSb)(thesecondelution,5.0mg,3%yield)asawhitesolid.LCMS(ESImlz):672 

[M+H]~.1HNMR(400MHzChloroform-d)68.10(dJ 11.7Hz, 1H),7.85(tJ 9.1Hz 

3H),7.57-7.43(in,3H),4.87(qJ 5.2Hz, 2H),4.50(s,1H),4.29(tJ 4.9Hz2H),2.84 

(s,1H),2.71(dJ 16.3Hz, 1H),1.50-1.31(in,6H),1.20(s,2H),0.48(dJ6.6Hz,3H), 

0.44(dJ6.6Hz,3H).  

202 

trien-S-one)(lOSa)(thefirstelution,5.60mg,3%yield)asawhitesolid'andrac-(11S)-[4-
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Example54 
SynthesisofIntermediatesI-1to1-25 

4-(oxolan-3-ylmethyl)-1H-pyrazole (I-i) 

OH 
Br DHP, TFA THPN~N Br THR~.  

~r _____________________________________________________________ 

800Covernight N nBuLiTHF 
-7S0 Ctort1 lh 

Et3SiHTFA 

DCE 
overnight 

(I-I) 

[0346] A mixture of 4-bromopyrazole (7.00 g, 47.6 mmol, 1.00 eq.), 

dihydropyran(6.01g,71.4mmol,1.50eq.)andtrifluoroaceticacid(0.271g,2.38mmol, 

0.05eq.)wasstirredforovernightat80 0 C.Themixturewasdilutedwithethylacetate(200 

nTh)andwashedwithsaturatedsodiumbicarbonate(3x20mL)andsaturatedsodium 

chloride(1x20mL)anddriedoveranhydroussodiumsulfate.Afterfiltrationthefiltrate 

wasconcentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatographyelutedwithdichloromethane:petroleumether(9:1)toafford4-bromo-1

(oxan-2-yl)pyrazole(9.30g,84%yield)asalightyellowoil. LCMS(ESImlz):231 

[0347] Amixtureof4-bromo-1-(oxan-2-yl)pyrazole(3.00g,13.0mmol,1.00eq.) 

andtetrahydrofuran(50mL)undernitrogenwasaddedn-butyllithium(7.8mL,19.5mmol, 

1.50eq.2.5Minheaxane)at-78 0 C. Themixturewasstinedfor0.5hat-78 0 Cthen 

oxolane-3-carbaldehyde(1.95g,19.5mmol,1.50eq.)wasadded.Themixturewasstined 

for1hatrt.Thereactionwasquenchedwithsaturatedammoniumchloride(50mLaq.)at0 

oc. Themixturewasextractedwithethylacetate(3x50mL). Theorganiclayerswere 

combinedwashedwithwater(3x20mL),driedoveranhydroussodiumsulfatefilteredand 

concentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatographyelutedwithethylacetate:petroleumether(1:3)toaffordII1-(oxan-2

yl)pyrazol-4-yl](oxolan-3-yl)methanol(1.80g,55%yield)asayellowoil. LCMS(ESI, 

m/z):253[M+H]~.  

203 

[M+H]~.
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[0348] A250niLround-bottomflaskwaschargedwith[1-(oxan-2-yl)pyrazol-4

yl](oxolan-3-yl)methanol(1.80g,7.13mmol,1.00eq.),triethylsilane(12.4g,107mmol, 

15.0eq.),trifluoroaceticacid(24.4g,214mniol,30.0eq.)and1,2-dichioroethane(20niL)at 

rt.Themixturewasstirredforovernightatrtandthenconcentratedunderreducedpressure.  

ThemixturewasbasifiedtopH8-9withsaturatedsodiumbicarbonate(aq.)andextracted 

withdichioromethane(3x50mL).Theorganiclayerswerecombinedwashedwithwater(3 

x50mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure. Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwith 

THF:ethylacetate(1:4)toafford4-(oxolan-3-ylmethyl)-1H-pyrazole(800mg,74%yield)as 

alightyellowoil.LCMS(ESIm/z):153[M+H]~.  

4-~(3,3-difluorocyclobutyl)methyl]- 1H-pyrazole (1-2) 

0 0 -0 0 0 HO HCIHN- N N Br 
____________________ p1  1 

EDGIHOEtDIEADMF ___________________ 

F rtovernight F n-BuLiTHF F 
F F 780 Cto~j2h F 

0 

NaBH4,Me0H TFAEt3SiHDOE 'I 

rt,2h 60~Covernight F 

F (1-2) F 

[0349] A250mLroundbottomflaskwaschargedwith3,3-difluorocyclobutane

1-carboxylicacid(5.00g,36.7mmol,1.00eq.),methoxy(methyl)aminehydrochloride(3.94 

g,40.4mmol,1.10eq.),HOBt(7.45g,55.2mmol,1.50eq.),EDCI(10.5g,55.1mmol,1.50 

eq.),DIBA(19.0g,147mmol,4.00eq.)andDMF(100mL).Thesolutionwasstirredfor 

overnightatrt.Thereactionwasquenchedwithwater(100mL). Themixturewasextracted 

withethylacetate(3x100mL).Theorganiclayerswerecombinedwashedwithwater(3x 

100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwithethyl 

acetate:petroleumether(1:5)toafford3,3-difluoro-N-methoxycyclobutane-1-carboxamide 

(4.00g,61%yield)asawhitesolid.LCMS(ESImlz):180[M+H]~.  

204 

F
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[0350] A250mEroundbottomflaskwaschargedwith4-bromo-1-(oxan-2

yl)pyrazole(2.00g,8.66mmol,1.00eq.)andTHF(30mL).n-BuLi(5.2mL,13.0mmol, 

1.50eq., 2.5Minheaxane)wasaddeddropwiseat-78 0 Cunderanitrogenatmosphere.The 

solution was stirred for 30 mm at -78 0C, and then 3,3-difluoro-N-methoxy-N

methylcyclobutane-1-carboxamide(1.86g,10.4mmol,1.20eq.)wasaddedat-78 0 C.The 

mixturewasstirredfor2hatrt. Thereactionwasquenchedwithwater(100mL). The 

mixturewasextractedwithethylacetate(3x100mL).Theorganiclayerswerecombined, 

washedwithwater(3x100mL),driedoveranhydroussodiumsulfatefilteredand 

concentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatography, eluted with ethyl acetate:petroleum ether (1:5) to afford 4-(3,3

difluorocyclobutanecarbonyl)-1-(oxan-2-yl)pyrazole(1.85g,79%yield)asawhitesolid.  

LCMS(ESIm/z):271[M+H]~.  

[0351] A 250 mL round bottom flask was charged with 4-(3,3

difluorocyclobutanecarbonyl)-1-(oxan-2-yl)pyrazole(1.80g,6.66mmol, 1.00eq.)and 

MeOH(50mL),andthenNaBH4(0.755g,20.0mmol,3.00eq.)wasaddedat0 0 C.The 

solutionwasstinedfor2hatrt. Thereactionwasquenchedwithwater(100mL). The 

mixturewasextractedwithethylacetate(3x100mL).Theorganiclayerswerecombined, 

washedwithwater(3x100mL),driedoveranhydroussodiumsulfatefilteredand 

concentratedunderreducedpressuretoafford(3,3-difluorocyclobutyl)[1-(oxan-2-yl)pyrazol

4-yl]methanol(1.85gcrude)asalightyellowoil.LCMS(ESImlz):273[M+H]~.  

difluorocyclobutyl)[1-(oxan-2-yl)pyrazol-4-yl]methanol(1.80g,6.61mmol,1.00eq.),TFA 

(22.6g,198mmol,30.0eq.),Et 3 SiH(11.5g,99.1mmol,15.0eq.)andDCE(30mL).The 

mixturewasstinedforovernightat60 0 Candthenconcentratedunderreducedpressure.  

ThereactionwasquenchedwithsaturatedNaHCO3(100mL). Themixturewasextracted 

withethylacetate(3x100mL).Theorganiclayerswerecombinedwashedwithwater(3x 

100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure. Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwith 

dichloromethane:methanol(20:1)toafford4-L(3,3-difluorocyclobutyl)methyl]-1H-pyrazole 

(990mg,87%yield)asawhitesolid.LCMS(ESImlz):173LM+H]~.  

205 

[0352] A 250 mL round bottom flask were charged with (3,3-
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7-brorno-N-r(4-methoxyphenyl)niethyll-N-methyl-r1,2,4]triazolor4,3-alpyridin-3-amine (1-3) 

H S 
CH3NCSEtOH N N% II HN-S 

N N N DCCCH 3CN 

Br N~NH2 rtovernight I H H 80O~ overnight Br N 
H Br 

PMB\ 

NaHTHFPMBCI 

6000 overnight N 
Br 

(1-3) 

[0353] A 100 mL round-bottom flask was charged with 4-bromo-2

hydrazinylpyridine(7.60g,40.4mmol,1.00eq.),methylisothiocyanate(4.36g,60.6mmol, 

1.20eq.)andEtOH(100mL). Themixturewasstinedforovernightatrtandthen 

concentratedunderreducedpressure. Petroleumether(50mL)wasaddedtothe e 

Thesolidswerecollectedbyfiltrationwashedwithpetroleumether(3x10mL)anddriedto 

afford2-(4-bromopyridin-2-yl)-N-methylhydrazine-1-carbothioamide(9.70g,92%yield)as 

, /z):262LM+H]~.  

ayellowsolid.LCMS(ESIm [0354] A250mLround-bottomflaskwaschargedwith1-L(4-bromopyridin-2

yl)amino]-3-methylthiourea(9.70g,37.1minol,1.00eq.),DCC(11.5g,55.7mmol,1.50 

nitrogenatmosphere. Theprecipitatedsolidswerecollectedbyfiltrationandwashedwith 

ethylacetate(3x100mL).Theresiduewaspurifiedbysilicagelcolumnchromatography, 

eluted with dichloromethane:methanol (10:1) to afford 7-bromo-N-methyl

Li,2,4]triazoloL4,3-a]pyridin-3-amine(7.70g,91%yield)asalightyellowsolid. LCMS 

(ESIm/z):227LM+H]~.  

[0355] A100mEround-bottomflaskwaschargedwith7-bromo-N-methyl

11,2,4]triazolol4,3-a]pyridin-3-amine(4.00g, 17.6mmol, 1.00eq.),4-methoxybenzyl 

chloride(4.14g,26.4mmol,1.50eq.),NaH(0.85g,21.2mmol,1.20eq.,60%dispersionin 

mineraloil)andTHF(35mL).Themixturewasstirredforovernightat60 0 C.Thereaction 

wasquenchedwithice/water(50mL).Themixturewasextractedwithethylacetate(3x200 

mL). Theorganiclayerswerecombinedwashedwithwater(3x100mL),driedover 

206 

eq.)andacetonitrile(100mL). ThemixturewasstirredforovernightatSO 0 Cundera
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anhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewas 

purifiedbysilicagelcolumnchromatographyelutedwithdichloromethane:methanol(10:1) 

toafford7-bromo-N-II(4-methoxyphenyl)methyl]-N-methyl-II1,2,4]triazolo[4,3-a]pyridin-3

amine(1.90g,31%yield)asabrownsolid.LCMS(ESIm/z):347[M+H]~.  

4-(4,5-dimethyl-1,2,4-triazol-3-y= l)phenvlboronic acid (1-4) 

0 S 
CH3IMe200 Lawesson'sreagent ______________ N N 

H THFrefluxovernight H rt,3days 
Br 

I N~N 0 
B S 

1.NH2NH2H2OMeGH NrN I N 

ill10mm N ____________________________ HO% 
Pd(dppf)012,AcOKI4-dioxane I 

2.CH3CH(OEt)3  Br U OH 
800 Covernight (1-4) 

reflux,30mirt 

[0356] A 250 mL round-bottom flask was charged with 4-bromo-N

methylbenzamide(5.00g,23.4mmol,1.00eq.),LawessonsReagent(18.9g,46.7mmol, 

2.00eq.)andtetrahydrofuran(100mL).Thesolutionwasrefluxedforovernightandthen 

concentratedunderreducedpressure. Themixturewasdilutedwithwater(200mL)and 

extractedwithethylacetate(3x200mL).Theorganiclayerswerecombinedwashedwith 

andconcentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatographyelutedwithethylacetate:petroleumether(3:1)toafford4-bromo-N

methylbenzenecarbothioamide(4.63g,86%yield)asayellowsolid.LCMS(ESImlz):230 

[M+H]~.  

[0357] A 100 mL round-bottom flask was charged with 4-bromo-N

methylbenzenecarbothioamide(1.00g,4.35mmol,1.00eq.),methyliodide(1.85g,13.0 

mmol,3.00eq.)andacetone(30mL). Themixturewasstirredfor3daysatrt. The 

precipitatedsolidswerecollectedbyfiltrationandwashedwithtetrahydrofuran(3x30mL).  

The solid was dried to afford (Z)-L(4

207 

saturatedsodiumchloridesolution(3x50mL),driedoveranhydroussodiumsulfatefiltered
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bromophenyl)(methylsulfanyl)methylidene](methyl)amine(856rugS1%yield)asayellow 

solid.LCMS(ESImlz):244[M+H]~.  

[0358] A 100 niL round-bottom flask was charged with 

bromophenyl)(methylsulfanyl)niethylidene](methyl)amine(1.00g,4.10mmol,1.00eq.)and 

methanol(10mL).Hydrazinehydrate(0.307g,6.14mmol,1.50eq.)wasaddeddropwiseat 

00 C.Thesolutionwasstirredfor10mm atrtandthenconcentratedunderreducedpressure 

toaffordthecrudeintermediate. CH3 CH(OEt)3 (1.33g,8.19mmol,2.00eq.)andethyl 
alcohol(20mL)wereadded. Thesolutionwasrefluxedfor30mm. Thereactionwas 

quenchedwithwater(100mL).Themixturewasextractedwithethylacetate(3x100mL).  

Theorganiclayerswerecombinedwashedwithwater(3x50mL),driedoveranhydrous 

sodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewaspurified 

bysilicagelcolumnchromatographyelutedwithmethanol:dichloromethane(1:12)toafford 

methyl5-hydroxy-2-methylpyrazole-3-carboxylate(0.599g,58%yield)asalightbrown 

semi-solid.LCMS(ESImlz):252[M+H]~.  

[0359] A100mLround-bottomflaskwaschargedwith3-(4-bromophenyl)-4,5

dimethyl-1,2,4-triazole(500mg,1.98mmol,1.00eq.),2-(5,5-dimethyl-1,3,2-dioxaborinan

2-yl)-5,5-dimethyl-1,3,2-dioxaborinane(1.34g,5.95mmol,3.00eq.),Pd(dppf)C12(72.6mg, 

0.10mmol,0.05eq.),AcOK(584mg,5.95mmol,3.00eq.)and1,4-dioxane(50mL).The 

solutionwasstinedforovernightat80 0 C.Thereactionwasquenchedwithwater(100mL).  

Themixturewasextractedwithethylacetate(3x100mL). Theorganiclayerswere 

concentratedunderreducedpressure. The residue was purifiedby reverse flash 

chromatographywiththefollowingconditions:Column:AgelaC18Column120 S Mobile 

PhaseA:Water(0.05%TFA),MobilePhaseB:ACN;Flowrate:60 , Gradient:5% 

Bto55%Bin40mm toafford4-(4,5-dimethyl-1,2,4-triazol-3-yl)phenylboronicacid(144 

mg,33%yield)asawhitesolid.LCMS(ESImlz):218LM+H]~.  

208 

combinedwashedwithwater(3x50mL),driedoveranhydroussodiumsulfatefilteredand
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4j73-niethylimidazol-4-yl- )phenvlboronic acid (1-5) 

I 

N N 

I> 0 I> N N 

Br HONB 
I 

OH 
800 C,6h (1-5) 

[0360] A250ruLround-bottomflaskwaschargedwith5-(4-bromophenyl)-1

methylimidazole(2.00g,8.44mmol,1.00eq.),2-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)

5,5-diinethyl-1,3,2-dioxaborinane(5.72g,25.3mmol,3.00eq.),Pd(dppf)C12.CH2C12(0.34g, 

0.422mmol,0.05eq.),AcOK(2.48g,25.3mmol,3.00eq.)and1,4-dioxane(100mL).The 

solutionwasstirredfor6hat80 0 Candthenconcentratedunderreducedpressure. The 
reactionwasquenchedwithwater(100mL),andthe I.  

mixturewasextractedwithethylacetate 

(3x100mL). Theorganiclayerswerecombinedwashedwithwater(3x50mL),dried 

overanhydroussodiumsulfate filteredandconcentratedunderreducedpressure. The 

residuewaspurifiedbyreverseflashchromatographywiththefollowingconditions: 

Column:AgelaC18Column120 S MobilePhaseA:Water(0.05%TFA),MobilePhaseB: 

ACN;Flowrate:60mL/min'Gradient:15%Bto75%Bin40 e toafford 

methylimidazol-4-yl)phenylboronicacid(1.23g,72%yield)asanoff-whitesolid. LCMS 

4-CS-methyl-1,2,3-triazol-1-vl)phenvlboronic acid (1-6) 

0%BI N~N 
NZN B I 
I I 

0 
HONB 

Br Pd(dppf)G12CH2012,AcOK,1,4-dioxane I 
OH 

800Covernight (1-6) 

[0361] A250mLround-bottomflaskwaschargedwith1-(4-bromophenyl)-5

methyl-1,2,3-triazole(2.00g,8.40mmol,1.00eq.),2-(5,5-dimethyl-1,3,2-dioxaborinan-2

yl)-5,5-dimethyl-1,3,2-dioxaborinane(5.69g,25.2mmol,3.00eq.),Pd(dppf)C12.CH2Cl2 

(0.34g,0.420mmol,0.05eq.),AcOK(2.47g,25.2mmol,3.00eq.)and1,4-dioxane(100 

209 

(ESImlz):203[M+H]~.
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mL).Thesolutionwasstirredforovernightat80 0 Candthenconcentratedunderreduced 

pressure.Themixturewasdilutedwithwater(100niL)andextractedwithethylacetate(3x 

100mL). Theorganiclayerswerecombinedwashedwithwater(3x50mL),driedover 

anhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewas 

purifiedbyreverseflashchromatographywiththefollowingconditions:Column:AgelaC18 

Column,120g~MobilePhaseA:Water(0.05%TFA),MobilePhaseB:ACN;Flowrate:60 

mE/mmU, Gradient:5%Bto65%Bin35mm toafford4-(5-methyl-1,2,3-triazol-1

yl)phenylboronicacid(1. 13g,66%yield)asanoff-whitesolid. LCMS(ESImlz):204 

[M+H]~.  

4115-methyl-1,2,4-triazol-1-yl- )phenvlboronic acid (1-7) 

I 
ON B 

I 0 
I I NN -Thea-- N/N 

Pd(dppf)012,AcOK 
Br 1,4-dioxane,1000 C,3h(HO)2 B 

(1-7) 

[0362] Amixtureof1-(4-bromophenyl)-5-methyl-1,2,4-triazole(1.40g,5.88 

mmol, 1.00eq.), 2-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)-5,5-dimethyl-1,3,2-dioxaborinane 

(1.46g,6.47mmol 1.10eq.),Pd(dppf)C12.CH2Cl2(0.480g,0.590mmol,0.10eq.)and 

mixturewascooledtortandthesolidswerefilteredoff 
underanitrogenatmosphere.The U 

Thefiltratewasconcentratedunderreducedpressure.Theresiduewaspurifiedbyreverse 

phasechromatographywiththefollowingcondition:Column:AgelaC18Column 120g; 

MobilePhaseA:Water(0.05%TFA),MobilePhaseB:ACN;Flowrate:60mE/mm' 

Gradient:5%Bto55%Bin40mm toafford4-(5-methyl-1,2,4-triazol-1-yl)phenylboronic 

acid(1.10g,92%yield)asayellowsolid.LCMS(ESImlz):204[M+H]~.  
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AcOK(1.15g,11.8mmol,2.00eq.)in1,4-dioxane(30mL)wasstirredfor3hoursat100 0 C
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4-(4-methyl-5-oxo-1,2,4-oxadiazol-3-yl- )phenvlboronic acid (1-8) 

I 
0% 

B 
I 0 

CH3I N 
N K2C03,DMF ___ 

Br tovernightBr Pd(PPh3)2C12,AcOKDMSO 
600 Qovernight OH 

(1-8) 

[0363] A40ruLvialwaschargedwith3-(4-bromophenyl)-4H-1,2,4-oxadiazol-5

one(2.00g,8.30nrniol,1.00eq.),methyliodide(1.77g,12.4nimol,1.50eq.),potassium 

carbonate(3.44g24.9mmol,3.00eq.)andDMF(20mL). Themixturewasstirredfor 

overnightatrt.Thereactionwasquenchedwithwater(50mL).Themixturewasextracted 

withethylacetate(3x100mL).Theorganiclayerswerecombinedwashedwithwater(3x 

100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwithethyl 

acetate:petroleumether(1:1)toafford3-(4-bromophenyl)-4-methyl-1,2,4-oxadiazol-5-one 

(1.58g,75%yield)asawhitesolid.LCMS(ESIm/z):255[M+H]~.  

[0364] A40mLvialwaschargedwith3-(4-bromophenyl)-4-methyl-1,2,4

oxadiazol-5-one(1.50g,5.88mmol,1.00eq.),Pd(PPh 3 )2 C12 (0.413g,0.588mmol,0.10eq.), 

AcOK(1.73g,17.6mmol,3.00eq.)andDMSO(20mL). Themixturewasstinedfor 

overnightat60 0 Cunderanitrogenatmosphere.Thereactionwasquenchedwithwater(100 

combinedwashedwithwater(3x100mL),driedoveranhydroussodiumsulfatefiltered 

andconcentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatographyelutedwithethylacetate:petroleumether(1:1)toaffordthecrudeproduct.  

Theresiduewaspurifiedbyreverseflashchromatographywiththefollowingconditions: 

columnC18columwmobilephaseacetonitrileinwater(0.05%TFA),0%to50%gradient 

in50mm toafford4-(4-methyl-5-oxo-1,2,4-oxadiazol-3-yl)phenylboronicacid(0.560g, 

43%yield)asayellowsolid.LCMS(ESIm/z):221[M+H]~.  
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mL).Themixturewasextractedwithethylacetate(3x150mL).Theorganiclayerswere
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4-(2-methyl-5-oxo-1,2,4-oxadiazol-3-yl- )phenvlboronic acid (1-9) 

NH 
CNCH3NHOHHCIEt3NEtOH CDIDCE 

N 
Br 800 C,2h I 600 C,3h 

Br 

I 
NO OB NO 

B 0 I N Am0 

Br I 
Pd(Ph3)2C12,AcOKDMSO OH (1-9) 

600 Covernight 

[0365] A250mEround-bottomflaskwaschargedwith4-bromobeuzonitrile 

(1.00g,5.49mmol,1.00eq.),N-methylhydroxylamine(646mg,13.7mmol,2.50eq.),Et3N 
e 

(2.50g,24.7mniol,4.50eq.),andethanol(20mL).Themixturewasstirredfor2hat80 0 C 

and then concentrated under reduced pressure to afford4-bromo-N-hydroxy-N

methylbenzenecarboximidamide(630mgcrude)asawhitesolid. LCMS(ESImlz):229 

LM+H]~.  

[0366] A250mLround-bottomflaskwaschargedwiththecrude4-bromo-N

hydroxy-N-methylbenzenecarboximidamide(630mg,2.75mmol,1.00eq.),CDI(1.45g, 

8.99mmol,3.27eq.)andDCE(100mL). Thesolutionwasstirred3hat60 0 C. The 

reaction was quenched with water (100 mL). The mixture was extracted with 

100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure. Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwith 

methanol:dichloromethane(1:10)toafford3-(4-bromophenyl)-2-methyl-1,2,4-oxadiazol-5

one(420mg,60%yield)asawhitesolid.LCMS(ESImlz):255[M+H]~.  

[0367] A100mLround-bottomflaskwasadded3-(4-bromophenyl)-2-methyl

1,2,4-oxadiazol-5-one(1.00g,3.92mmol,1.00eq.),2-(5,5-dimethyl-1,3,2-dioxaborinan-2

yl)-5,5-dimethyl-1,3,2-dioxaborinane(0.973g,4.31mmol,1. 10eq.),Pd(PPh 3 )2 C12 (1.38g, 

1.96mmol,0.50eq.),KOAc(1.15g,11.7mmol,3.00eq.)andDMSO(30mL)atrt.The 

mixturewasstirredforovernightat60 0 Cunderanitrogenatmosphere. Thereactionwas 

quenchedwithwater(100mL).Themixturewasextractedwithethylacetate(3x100mL).  

212 

dichloromethane(3x100mL).Theorganiclayerswerecombinedwashedwithwater(3x
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Theorganiclayerswerecombinedwashedwithwater(3x100mL),driedoveranhydrous 

sodiumsulfate filteredandconcentratedunderreducedpressure. Themixturewas 

concentratedunderreducedpressure. Thecrudeproductwaspurifiedbyprep-HPLCwith 

thefollowingconditions:Column:XBridgePrepOBDCisColumn,30x 150mm,5um 

MobilePhaseA:Water(0.1%TFA),MobilePhaseB:ACN;Flowrate:60mL/miw 

Gradient:47%Bto73%Bin7mm toafford4-(2-methyl-5-oxo-1,2,4-oxadiazol-3

yl)phenylboronicacid(450mg,52%yield)asawhitesolid.LCMS(ESImlz):221[M+H]~.  

5- r4-15.~5-dimethyl-1,3,2-dioxaborinan-2-y- l)phenvll-1-methyl-1,2,4-triazole(I-10) 

I cx 
NrN B NSW~N 

0 N 
N___________________ 0 

~L 

Br Pd(PPh3)2012,AcOKDM80 i 
60~Covernight 0 (1-10) 

[0368] A40mLvialwerechargedwith5-(4-bromophenyl)-1-methyl-1,2,4

triazole(0.300g, 1.26mmol 1.00eq.),2-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)-5,5

dimethyl-1,3,2-dioxaborinane(1.42g,6.30mmol,5.00eq.),Pd(PPh 3 )2 C12 (88.4mg,0.126 

mmol,0.10eq.),AcOK(247mg,2.52mmol,2.00eq.)andDMSO(5mL).Themixturewas 

stirredforovernightat60 0 Cunderanitrogenatmosphere.Thereactionwasquenchedwith 

layerswerecombinedwashedwithwater(3x50mL),driedoveranhydroussodiumsulfate 

filteredandconcentratedunderreducedpressure.Theresiduewaspurifiedbysilicagel 

columnchromatographyelutedwithethylacetate/petroleumether(2/1)toafford5-L4-(5,5

dimethyl-1,3,2-dioxaborinan-2-yl)phenyl]-1-methyl-1,2,4-triazole(320mg,94%yield)asa 

yellowsolid.LCMS(ESIm/z):272[M+H]~.  

213 

water(50mL). Themixturewasextractedwithethylacetate(3x50mL). Theorganic
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(4j71-(4-niethoxybenzyl)-4-niethyl-1H-1,2,3-triazol-5-yl) 

- phenvl)boronicacid(I-11) 

I I H N NH CI N 
- NNH NH 

PCI5  IMN2H4inTHF CDI N 
Tolreflux,16h THFrt4h I -vs THFreflux,3h Br 

step3 

Br Br Br 

I 

0 13 
I 

PMB-CI, K2C03  W-PMB 0 N 
N 

DMF,500 C,16h N Pd(dppf)C12KOAc 
1,4-dioxane,1000 C,3h HO..I (I-Il) 

OH 

[0369] Toasuspensionof4-bromo-N-methylbenzamide(2.14g,10.0mmol,1.00 

eq.)intoluene(50mL)wasaddedphosphorouspentachioride(3.13g,15.0mmol,1.5eq.).  

Themixturewasrefluxedfor16underanitrogenatmosphere.Themixturewascooledand 

concentratedunderreducedpressuretoafford(Z)-4-bromo-N-methylbenzimidoylchloride 

(2.33gcrude)asalightyellowsolidwhichwasusedinthenextstepdirectlyand 

immediatelywithoutanyfurtherpurification.  

[0370] Asuspensionof(Z)-4-bromo-N-methylbenzimidoylchloride(2.33g,10.0 

(50mL,1MinTHF)at0 0 Cundernitrogen. Themixturewasstirredfor4hatrtunder 

nitrogen.Themixturewascooledandusedinthenextstepdirectlyandimmediatelywithout 

anyfurtherpurification.LCMS(ESImlz):228[M+H]~.  
e [0371] Toamixtureof(E)-4-bromo-N-methylbenzohydrazonamideinTHF 

(10.00mmolassumedfromreactionmixtureoflaststep)wasaddedCDI(8.11g,50.00 

mmol,5.0eq.)batchwiseat0 0 Cundernitrogen. Themixturewasrefluxedfor3hunder 

nitrogenandthenconcentratedunderreducedpressure. Theresiduewaspurifiedbysilica 

gelcolumnchromatographyelutedwith0-70%dichloromethaneinethylacetatetoafford5

(4-bromophenyl)-4-methyl-2,4-dihydro-3H-1,2,4-triazol-3-one(634mg,25%yield)asa 

yellowsolid.LCMS(ESImlz):254[M+H]~.  
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mmol,1.00eq.)inTHF(100mL)wasaddeddropwisetoananhydroushydrazinesolution
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[0372] Amixtureof5-(4-bromophenyl)-4-methyl-2,4-dihydro-3H-1,2,4-triazol-3

one(634mg,2.50mmol,1.00eq.),potassiumcarbonate(1.73g,12.50mmol,5.00eq.)and 

4-methoxybenzylchloride(1. 17g,7.50mmol,3.00eq.)inDMF(20mL)wasstirredfor16li 

at50C.Thereactionwasquenchedwithwater(100mL).Themixturewasextractedwith 

ethylacetate(3x100mL).Theorganiclayerswerecombinedwashedwithwater(3x100 

mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.  

Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwith0-60%ethyl 

acetateinpetroleumethetoafford5-(4-bromophenyl)-2-(4-methoxybenzyl)-4-methyl-2,4

dihydro-3H-1,2,4-triazol-3-one(821mg,89%yield)asanoff-whitesolid. LCMS(ESI, 

m/z):374[M+H]~.  

[0373] Toamixtureof5-(4-bromophenyl)-2-(4-methoxybenzyl)-4-methyl-2,4

dihydro-3H-1,2,4-triazol-3-one(821mg,2.20mmol,1.00eq.)and5,5,5',5'-tetramethyl-2,2'

bi(1,3,2-dioxaborinane)(994mg,4.40minol,2.00eq.)andpotassiumacetate(1.08g,11.0 

mmol,5.00eq.)in1,4-dioxane(11mL)wasaddedPd(dppf)C1 2 .CH2 Cl2 (179mg,0.22mmol, 

0.10eq.).Themixturewasstirredfor3hat100 0 C.Thesolidswerefilteredoffandthe 

filtratewasconcentratedunderreducedpressure.Theresiduewaspurifiedbyreversephase 

chromatographywithfollowingcondition:Column:AgelaC18Column120g;MobilePhase 

A:Water(0.05%TFA),MobilePhaseB:ACN;Flowrate:60 , Gradient:0%Bto 

70% B in 40 miw to afford(4-(1-(4-methoxybenzyl)-4-methyl-1H-1,2,3-triazol-5

yl)phenyl)boronicacid(670mg,90%yield)asanoff-whitesolid. LCMS(ESImlz):340 

1-r4-c5,5-dimethyl-1,3,2-ioxaborinan-2-yl) -3-(trifluoromethyl 

penv1  - )pyrazole(I-12) 

CF3  CF3  N--CF3 

OH N- 0 0 I 
I 1 1* '4 1 

BOH HN B-B 
________________________ 0 0 

Cu(OTf)2,PyridineDMF Pd(PPh3)2012,AcOKDMSO 0B1 7 
Br 1 

600Covernight 60"Covernight (1-12) 

[0374] A250mLround-bottomflaskwaschargedwith4-bromophenylboricacid 

(500mg,2.49mmol,1.00eq.),3-(trifluoromethyl)-1H-pyrazole(406mg,2.98mmol,1.20 

eq.),Cu(OTf)2(900mg,2.49mmol, 1.00eq.),pyridine(590mg,7.47mmol,3.00 
e 

eq.)andDMF(20mL). Themixturewasstirredforovernightat60 0 Cunderanoxygen 

215 

[M+H]~.
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atmosphere.Thereactionwasquenchedwithwater(100mL).Themixturewasextracted 

withethylacetate(3x100mL).Theorganiclayerswerecombinedwashedwithwater(3x 

100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwithethyl 

acetate:petroleumether(1:5)toafford1-(4-bromophenyl)-3-(trifluoromethyl)pyrazole(510 

mg,70%yield)asawhitesolid.LCMS(ESImlz):291[M+H]~.  

[0375] A250mEround-bottomflaskwaschargedwith1-(4-bromophenyl)-3

(trifluoromethyl)pyrazole (100 mg, 0.344 mmol, 1.00 eq.),2-(5,5-dimethyl-1,3,2

dioxaborinan-2-yl)-5,5-dimethyl-1,3,2-dioxaborinane (232 mg, 1.03 mmol, 3.00 eq.), 

Pd(PPh3 )2 C12 (121mg,0.172mmol,0.50eq.),AcOK(67.4mg,0.688mmol,2.00eq.) 

andDMSO(20mL) atrt. Themixturewasstirredforovernightat60 0 CunderN2 

atmosphere.Thereactionwasquenchedwithwater(100mL).Themixturewasextracted 

withethylacetate(3x100mL).Theorganiclayerswerecombinedwashedwithwater(3x 

100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwithethyl 

acetate:petroleumether(1:3)toafford1- [4-(5,5-dimethyl-1,3,2-ioxaborinan-2-yl)phenyl]-3

(trifluoromethyl)pyrazole(89.0mg,80%yield)asayellowoil. LCMS(ESImlz):325 

[M+H]~.  

3- 14-CS,5-dimethyl-1,3,2-dioxaborinan-2-yl)phenyll-4-r(4-methoxvphenvl) methyl]-5

0 CF3  CF3 

HNk PMB-CI,0s2003,ACN PMB\ N 

F N 60~c overnight N 

Br N2H4H20,THF 
Br 

6000 overnight 

0 0 PMB 
' I 
B-B 

, 
0 0 N 

WI 

AcOKPd(PPh3)012,DMSO 0 
B 

60~Covernight I 
0 (1-43) 

216 

(trifluoromethyl)-1,2,4-triazole (I-13)
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[0376] A 250 mE round-bottom flask was charged with4

bromobenzenecarboximidamidehydrochloride(3.56g,15.1mmol,1.00eq.),ethyl2,2,2

trifluoroacetate (2.14 g, 15.1 nimol 1.00 eq.), NaOH (0.60 g, 15.1 mmol, 1.00 

eq.),hydrazinehydrate(0.751g,15.1mniol,1.00eq.)andTHF(60niL).Themixturewas 

stirredforovernightat60 0 C.Therectionwasquenchedwithwater(200mL).Themixture 

wasextractedwithethylacetate(3x100mL).Theorganiclayerswerecombinedwashed 

withwater(3x100mL),driedoveranhydroussodiumsulfatefilteredandconcentrated 

underreducedpressure. Theresiduewaspurifiedbysilicagelcolumnchromatography, 

eluted with ethyl acetate:petroleum ether (1:1) to afford 3-(4-bromophenyl)-5

(trifluoromethyl)-4H-1,2,4-triazole(3.10g,70%yield)asalightyellowoil. LCMS(ESI, 

m/z):292[M+H]~.  

[0377] A250mLround-bottomflaskwaschargedwith3-(4-bromophenyl)-5

(trifluoromethyl)-4H-1,2,4-triazole(3.10g,10.6mniol,1.00eq.),PMB-Cl(4.99g,31.8 

mmol,3.00eq.),Cs2CO3(10.4g,31.8mmol,3.00eq.)andacetonitrile(50mL). The 

mixturewasstinedforovernightat60 0 Candthenconcentratedunderreducedpressure.  

Themixturewasdilutedwithwater(100mL),extractedwithethylacetate(3x100mL), 

driedoveranhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.The 

residue was purified by silica gel column chromatography, eluted with ethyl 

acetate:petroleumether(1:1)toafford3-(4-bromophenyl)-4-[(4-methoxyphenyl)methyl]-5

(trifluoromethyl)-1,2,4-triazole(2.70g,62%yield)asalightyellowoil.LCMS(ESImlz): 

[0378] A100mLround-bottomflaskwaschargedwith3-(4-bromophenyl)-4-1j4

methoxyphenyl)methyl]-5-(trifluoromethyl)-1,2,4-triazole(2.70g,6.55mmol,1.00eq.),2

(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)-5,5-dimethyl-1,3,2-dioxaborinane (4.44 g, 19.7 

mmol,3.00eq.),AcOK(1.29g,13.1mmol,2.00eq.),Pd(PPhQ 2 Cl2 (0.460g,0.655mmol, 

0.10eq.)andDM80(30mL). Themixturewasstirredforovernightat60 0 Cundera 

nitrogenatmosphere. Thereactionwasquenchedwithwater(100mL). Themixturewas 

dilutedwithwater(100mL),extractedwithethylacetate(3x100mL),driedoveranhydrous 

sodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewaspurified 

bysilicagelcolumnchromatographyelutedwithethylacetate:petroleumether(1:1)to 

afford3- L4-(5~5-dimethyl-1,3,2-dioxaborinan-2-yl)phenyl]-4-I~4-methoxyphenyl)methyl]-5

217 

412[M+H]~.
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(trifluoroinethyl)-1,2,4-triazole(2.40g,82%yield)asayellowsolid.LCMS(ESImlz):446 

[M+H]~.  

2-(4-('595-dimethyl-13 9 2-dioxaborinan-2-y- l)phenvl)-4-methvl-2H-1 9 29 3-triazole(I-14) 
+ 

N2 BF4 

N-- 0 
I NaOHH20,MeOH 

Br NW 
____________________ N 0 600Covernight 

Cu(OAc)2,Cs2CO3,CH3CNB 
rt12h 

OH 
0 0 

NAI 0 AcOHAg2 003 ,DMSO N 'I I 

I 0 0 

1200Covernight AcOKPd(PPh 3)C12,DMSO 

Br 60~C overnight 

N
I 

0% 
B 

I 0 (1-14) 

[0379] A250niLround-bottomflaskwaschargedwithmethyl(2Z)-3-aminobut

32.6mmol,1.50eq.),Cu(OAc)2(3.94g,21.7mmol,1.00eq.),Cs2CO3(14.15g,43.4mmol, 

2.00eq.)andCH3CN(100mL)atrt. Themixturewasstirredfor2hatrtandthen 

concentratedunderreducedpressure. Themixturewasdilutedwithwater(200mL)and 

extractedwithethylacetate(3x100mL).Theorganiclayerswerecombinedwashedwith 

water(3x100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunder 

reducedpressure. Theresiduewaspurifiedbysilicagelcolumnchromatographyeluted 

withethylacetate:petroleumether(1:1)toaffordmethyl2-(4-bromophenyl)-5-methyl-1,2,3

triazole-4-carboxylate(3.40g,53%yield)asalightyellowoil. LCMS(ESImlz):296 

[M+H]~.  

[0380] A 250 mE round-bottom flask was charged with methyl 

bromophenyl)-5-methyl-1,2,3-triazole-4-carboxylate(3.40g,11.5mmol,1.00eq.),NaOH 

218 

2-enoate(2.50g,21.7mmol,1.00eq.),4-bromobenzenediazoniumtetrafluoroborate(8.84g,
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(0.920g,22.9mmol,2.00eq.),H 2 0(5mL)andMeOH(20mL).Themixturewasstirredfor 

overnightat60 0 C.ThepHvalueofthemixturewasadjustedto4withiNHCl(aqj.The 

mixturewasconcentratedunderreducedpressuretoafford2-(4-bromophenyl)-5-methyl

1,2,3-triazole-4-carboxylicacid(3.92gcrude)asayellowsolid. LCMS(ESImlz):282 

[M+H]~.  

[0381] A100mLround-bottomflaskwaschargedwith2-(4-bromophenyl)-5

methyl-1,2,3-triazole-4-carboxylicacid(2.70g,9.57mmol,1.00eq.),Ag2CO3(264mg, 

0.957mmol,0.10eq.)andDMSO(30mL).Themixturewasstirredforovernightat120C.  

Thereactionasquenchedwithwater(100mL). Themixturewasextractedwithethylacetate 

(3x100mL).Theorganiclayerswerecombinedwashedwithwater(3x100mL),dried 

overanhydroussodiumsulfate filteredandconcentratedunderreducedpressure. The 

residue was purified by silica gel column chromatography, eluted with ethyl 

acetate:petroleumether(1:1)toafford2-(4-bromophenyl)-4-methyl-1,2,3-triazole(750mg, 

33%yield)asayellowsolid.LCMS(ESImlz):238[M+H]~.  

[0382] A100mLroundbottomflaskwaschargedwith2-(4-bromophenyl)-4

methyl-1,2,3-triazole(1.00g,4.20mmol,1.00eq.),2-(5,5-dimethyl-1,3,2-dioxaborinan-2

yl)-5,5-dimethyl-1,3,2-dioxaborinane(1.42g,6.30mmol,1.50eq.),AcOK(1.24mg,12.6 

mmol,3.00eq.),Pd(PPh3)2C12(294mg,0.420mmol,0.10eq.)andDMSO(10mL)atrt.  

Themixturewasstinedforovernightat60 0 Cunderanitrogenatmosphere. Thereaction 
e 

wasquenchedwithwater(100mL).Themixturewasextractedwithethylacetate(3x300 

anhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewas 

purifiedbysilicagelcolumnchromatographyelutedwithethylacetate:petroleumether(2:1) 

to afford 2-(4-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)-4-methyl-2H-1,2,3-triazole 

(800mg,70%yield)asayellowsolid.LCMS(ESImlz):272[M+H]~.  
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mL). Theorganiclayerswerecombinedwashedwithwater(3x100mL),driedover
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5-i?4115Ii 5-dimethyl-1,3,2-dioxaborinan-2-y- 1)phenvl)-4-(4-niethoxvbenzvl)-2-nrnthvl-2,4

dihydro-3H-1,2,4-triazol-3-one (I-15) 

0 
XNH2 N 

I 
CHO NH2  AcOHBr2 

_________________________ 0 

Br AcOHMeOH N-IL 
60CCovernight i NH2  100C2h 

PMB~ 
I 

PMB B N N PMB-CI, K2C03, DMF I 

N N-. 0 
600,overnight N 0% 

Br AcOKPd(PPh3)2012,DMSO I 0 (I-I5) 
Br 60~Covernight 

[0383] A100ruLround-bottomflaskwaschargedwith4-bromo-benzaldehyde 

(5.00g,27.0nimol,1.00eq.),3-amino-3-methylurea(2.40g,27.0mmol,1.00eq.),methanol 

(50mL)andaceticacid(2.5mL).Themixturewasstirredforovernightat60 0 Candthen 

concentratedunderreducedpressure. Themixturewasdilutedwithethylacetate(50mL) 

andwashedwithwater(3x10mL). Thecombinedorganiclayersdriedoveranhydrous 

sodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewaspurified 

bysilicagelcolumnchromatographyelutedwithethylacetate:petroleumether(1:7)to 

afford1- [(B)-[(4-bromophenyl)methylidene]amino]- 1-methylurea(5.00g72%yield)asa 

whitesolid.LCMS(ESImlz):256[M+H]~.  

bromophenyl)methylidene]amino]-1-methylurea(4.00g,15.6mmol,1.00eq.)andacetic 

acid(15mL).Br2(5.00g,31.2mmol,2.00eq.)wasaddedtothemixtureatrt.Themixture 

wasstinedfor2hat100 0 C. Thereactionwasquenchedwithwater(100mL). Themixture 

wasextractedwithethylacetate(3x50mL). Theorganiclayerswerecombinedwashed 

withwater(3x20mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunder 

reducedpressure. Theresiduewaspurifiedbysilicagelcolumnchromatographyeluted 

withethylacetate:petroleumether(1:5)toafford5-(4-bromophenyl)-2-methyl-4H-1,2,4

triazol-3-one(1.30g,26%yield)asayellowsolid.LCMS(ESImlz):254[M+H]~.  

[0385] A100mLround-bottomflaskwaschargedwith5-(4-bromophenyl)-2

methyl-4H-1,2,4-triazol-3-one (1.30 g, 5.12 mmol 1.00 eq.), 1-(chloromethyl)-4

methoxybenzene(1.20g,7.67mmol,1.50eq.),K 2 C03 (2.12mg,15.3mmol,3.00eq.)and 
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[0384] A 100 mL round-bottom flask was charged with
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DMF(15niL).Themixturewasstirredforovernightat60 0 C.Thereactionwasquenched 

withwater(50mL).Themixturewasextractedwithethylacetate(3x50niL).Theorganic 

layerswerecombinedwashedwithwater(3x20mL),driedoveranhydroussodiumsulfate 

filteredandconcentratedunderreducedpressure. Theresiduewaspurifiedbysilicagel 

columnchromatographyelutedwithethylacetate:petroleumether(1:6)toafford 

bromophenyl)-4-[(4-methoxyphenyl)methyl]-2-methyl-1,2,4-triazol-3-one (800 mg, 42% 

yield)asalightyellowsolid.LCMS(ESImlz):374[M+H]~.  

[0386] A100mLround-bottomflaskwaschargedwith5-(4-bromophenyl)-4-1j4

methoxyphenyl)methyl]-2-methyl-1,2,4-triazol-3-one(800mg,2.14mmol,1.00eq.),2-(5,5

dimethyl-1,3,2-dioxaborinan-2-yl)-5,5-dimethyl-1,3,2-dioxaborinane(725mg,3.21mmol, 

1.50eq.),KOAc(420mg,4.28mmol,2.00eq.),Pd(PPhQ 2 Cl2 (75.0mg,0.107mmol,0.05 

eq.)andDMSO(10mL).Themixturewasstinedforovernightat60 0 C.Thereactionwas 

quenchedwithwater(50mL).Themixturewasextractedwithethylacetate(3x50mL).  

Theorganiclayerswerecombinedwashedwithwater(3x20mL),driedoveranhydrous 

sodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewaspurified 

bysilicagelcolumnchromatographyelutedwithethylacetate:petroleumether(1:6)to 

afford 5-(4-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)-4-(4-methoxybenzyl)-2-methyl

2,4-dihydro-3H-1,2,4-triazol-3-one(700mg,80%yield)asyellowoil. LCMS(ESImlz): 

408[M+H]~.  

methoxyphenvl)methvll-4-methvl-1,2,3-triazole (I-16) 

Br Br CHO ~NO2 

NHCHSIIK2C03,DMF n-BuLlTHFDMF __________________ 

Br Nat rt2h Br ~N-N N~NN NaN3,NH4OAcAcOHDMF 
-780 C,4h Br 1000 C,3h 

N. N. 0 0 
\ I B-B 

NHPMBCICs 2CO3 1ACN \ I 1% PMB 
PMB 0 0 

600 C,4h -N_____ Pd(PPh3)2012,AcOKI4-dioxane 0B NI.N 
Br N Br N 90"Covenight I0 (1-16) 
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5- rs-(5.~5-dimethyl-1,3,2-dioxaborinan-2-yl)-2-methvlpvrazol-3-vll- 1- rC4-



WO2022/115384 PCT/IiS2021/060366 

[0387] A250ruLroundbottomflaskwaschargedwith3,5-dibromo-1H-pyrazole 

(10.0g,44.3niniol,1.00eq.),CH 3 I(7.54g,53.1nimol,1.20eq.),K 2 C03 (12.3g,88.5 

mmol,2.00eq.)andDMF(50mL).Thesolutionwasstirredfor2liatrt.Thereactionwas 

quenchedwithwater(200mL).Themixturewasextractedwithethylacetate(3x100mL).  

Theorganiclayerswerecombinedwashedwithwater(3x100mL),driedoveranhydrous 

sodiumsulfatefilteredandconcentratedunderreducedpressuretoprovide3,5-dibromo-1

methylpyrazole(8.00g,75%yield)asacolorlessoil.LCMS(ESImlz):239[M+H]~.  

[0388] A250mLroundbottomflaskwaschargedwith 3,5-dibromo-1

methylpyrazole(8.00g,33.3mmol,1.00eq.)andtetrahydrofuran(100mL).n-butyllithium 

(20.0mL,50.0mmol,1.50eq.,2.5Minheaxane)wasaddeddropwiseat-78 0 Cundera 

nitrogenatmosphere.Thesolutionwasstirredfor1hat-78 0 C.Dimethylformamide(4.88 

g,66.7mmol,2.00eq.)wasaddedat-78 0 C.Thesolutionwasstinedfor2hat-78 0 C.The 

reactionwasquenchedwithwater(200mL).Themixturewasextractedwithethylacetate(3 

x100mL).Theorganiclayerswerecombinedwashedwithwater(3x100mL),driedover 

anhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewas 

purifiedbysilicagelcolumnchromatographyelutedwithethylacetate:petroleumether(1:8) 

toafford5-bromo-2-methylpyrazole-3-carbaldehyde(3.10g,49%yield)asawhitesolid.  

LCMS(ESIm/z):189[M+H]~.  

[0389] A250mLroundbottomwaschargedwith5-bromo-2-methylpyrazole-3

carbaldehyde(4.50g,23.8mmol,1.00eq.),azidosodium(4.64g,71.4mmol,3.00eq.), 

NH4OAc(1.84g,23.8mmol,1.00eq.). Thesolutionwasstinedfor3hat100 0 C. The 

reactionwasquenchedwithsaturatedsodiumbicarbonatesolution(200mL).Themixture 

wasextractedwithethylacetate(3x100mL).Theorganiclayerswerecombinedwashed 

withwater(3x100mL),driedoveranhydroussodiumsulfatefilteredandconcentrated 

underreducedpressure. Theresiduewaspurifiedbysilicagelcolumnchromatography, 

elutedwithethylacetate:petroleumether(1:5)toafford4-(5-bromo-2-methylpyrazol-3-yl)-5

methyl-3H-1,2,3-triazole(2.50g,43%yield)asawhitesolid. LCMS(ESImlz):242 

LM+H]~.  

[0390] A 250 mLroundbottom flask was charged with 4-(5-bromo-2

methylpyrazol-3-yl)-5-methyl-3H-1,2,3-triazole(2.50g,10.3mmol,1.00eq.),cesium 
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nitroethane(8.94g,119mmol,5.00eq.),aceticacid(0.710g,11.9mmol,0.50eq.)and
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carbonate(6.75g,20.7mmol,2.00eq.),4-niethoxybenzylchloride(2.43g,15.5mniol,1.50 

eq.)andacetonitrile(50niL).Thesolutionwasstirredfor4hat60 0 C.Thereactionwas 

quenchedwithwater(100mL).Themixturewasextractedwithethylacetate(3x100niL).  

Theorganiclayerswerecombinedwashedwithwater(3x100mL),driedoveranhydrous 

sodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewaspurified 

bysilicagelcolumnchromatographyelutedwithethylacetate:petroleumether(1:8)to 

afford 5-(5-bromo-2- methylpyrazol-3-yl)-1-[(4-methoxyphenyl)methyl]-4-methyl-1,2,3

triazole(2.90g,77%yield)asawhitesolid.LCMS(ESImlz):362[M+H]~.  

[0391] A100niLroundbottomwaschargedwith5-(5-bromo-2-methylpyrazol-3

yl)-1-[(4-methoxyphenyl)methyl]-4-methyl-1,2,3-triazole(2.40g,6.63nimol,1.00eq.), 

Pd(PPh3 )2 C12 (0.230g,0.331nimol,0.05eq.),2-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)-5,5

dimethyl-1,3,2-dioxaborinane(2.99g,13.2mmol,2.00eq.),AcOK(1.63g,16.5mmol,2.50 

eq.)and1,4-dioxane(50mL). Thesolutionwasstinedforovernightat90 0 Cunder 

nitrogen.Thereactionwasquenchedwithwater(100niL).Themixturewasextractedwith 

ethylacetate(3x100niL).Theorganiclayerswerecombinedwashedwithwater(3x100 

mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.  

Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwithethylacetateto 

afford 5-[5-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)-2-methylpyrazol-3-yl]-1-[(4

methoxyphenyl)methyl]-4-methyl-1,2,3-triazole(2.00g,76%yield)asawhitesolid.LCMS 
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(ESImlz):396[M+H]~.
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Tert-butyl 5-benzyl-1 1-ethyl-8-oxo-2,37,12~tetraazatricyc1or7.4.O.OA{2,61itrideca-1(9)35
triene-12-carboxylate (I-17) 

Bn 
o N PMBNHNHHOI H2N 

~-p II _______________________ 

rt4h EtOHwater N~N 800 0,4h 9' PMB 

0 Br xx 

I N 
H Bn OH H Bn 
N _____________________ N 

_________________ I\ Pd(dppf)012 ,1(2003,dioxane F ~ N~N 
~L F o N~N 

HATUDIE/kDMF 

rtovernight 9' 

PMB 110O( overnight PMB 

EAPd/CH2  H Bn TFA NA H Bn Cs20031DMF 

rt1 4h N N 1200Covernight 
F I\ 600 C,4h 

Ne~N F 0 
PMB 

0 0 0 

Pd/C, H2  DIEA, (Boc)20, Et3N 

BrtcoH6 0 0 2 daYsHN rt4h Boc~V 

[0392] A500niLround-bottomflaskwaschargedwithbenzylacetonitrile(5.00 

g,38.1mmol,1.00eq.),t-BuOK(12.8g,114mmol,3.00eq.),ethylformate(14.1g,190 
e minol,5.00eq.)andTHF(200mL)at0 0 C. Themixturewasstirredfor4hatrt. The 

x100mL).Theorganiclayerswerecombinedwashedwithwater(3x100mL),driedover 

anhydroussodiumsulfatefilteredandconcentratedunderreducedpressuretoafford2

formyl-3-phenylpropanenitrile(5.22gcrude)asayellowoil.  

[0393] A 1 L round bottom flask was charged with 2-formyl-3

phenylpropanenitrile(5.00g,31.4mmol,1.00eq.),[(4-methoxyphenyl)methyl]hydrazine 

hydrochloride(7.11g,37.6mmol,1.20eq.),EtOH(300mL)andH20(100mL). The 

solutionwasstined4hat80 0 Candthenconcentratedunderreducedpressure.Theresidue 

wasdilutedwithethylacetate(1L),washedwithwater(3x300mL),driedoveranhydrous 

sodiumfilteredandconcentratedunderreducedpressure. Theresiduewaspurifiedby 

triturationwithethylacetate(30mL).Thelightyellowsolidwascollectedbyfiltrationand 
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reactionwasquenchedwithwater(200mL).Themixturewasextractedwithethylacetate(3
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driedtoprovide4-benzyl-1-1j4-niethoxyphenyl)niethyl]pyrazol-3-amine(5. 11g,55%yield) 

asalightyellowsolid.LCMS(ESImlz):294[M+H]~.  

[0394] A 500niLroundbottomflaskwas chargedwith4-benzyl-1-1j4

methoxyphenyl) methyl]pyrazol-3-amine (10.0 g, 34.1 mmol, 1.00 eq.),2-brorno-5

fluoropyridine-4-carboxylicacid(9.00g,40.9mmol,1.20eq.),HAT!](19.4g,51.2mmol, 

1.50eq.),DIBA(13.2g,102mmol,3.00eq.)andDMF(50mL).Themixturewasstirredfor 

overnightatrt.Thereactionwasquenchedwithwater(200mL).Thesolidwascollectedby 

filtrationwashedwithwater(3x20mL)anddriedtoaffordN-{4-benzyl-1-[(4

methoxyphenyl)methyl]pyrazol-3-yl}-2-bromo-5-fluoropyridine-4-carboxamide (12.0 
71%yield)asayellowsolid.LCMS(ESImlz):495[M+H]~.  

[0395] A 40 mL vial was charged with N-{4-benzyl-1-1j4

methoxyphenyl)methyl]pyrazol-3-yl}-2-bromo-5- fluoropyridine-4-carboxamide (1.00 
2.02mmol,1.00eq.),ethenylboronicacid(0.174g,2.42mmol 1.20eq.),potassium 

carbonate(0.843g,6.06mmol,3.00eq.),Pd(dppf)C12(0.147mg,0.200mmol,0.10eq.)and 

1,4-dioxane(10mL)atrt.Themixturewasstinedforovernightat110 0 Cunderanitrogen 

atmosphere.Thereactionwasquenchedwithwater(100mL).Themixturewasextracted 

withethylacetate(3x100mL).Theorganiclayerswerecombinedwashedwithwater(3x 

100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwithethyl 

acetate:petroleumether(2:1)toaffordN-{4-benzyl-1-R4-methoxyphenyl)methyl]pyrazol-3

LCMS(ESImlz):443[M+H]~.  

[0396] A100mLround-bottomflaskwaschargedwithN-{4-benzyl-1-1j4

methoxyphenyl)methyl]pyrazol-3-yl}-2-ethenyl-5-fluoropyridine-4-carboxamide (1.80 
4.07mmol,1.00eq.),ethylacetate(50mL)and10%Pd/C(0.45g)atrt.Themixturewas 

stirredfor4hatrtunderahydrogenatmosphere(2-3atm).Thesolidswerefilteredoffand 

washedwithethylacetate(3x10mL).Thefiltratewasconcentratedunderreducedpressure 

toaffordN-{4-benzyl-1- L(4-methoxyphenyl)methyl]pyrazol-3-yl}-2-ethyl-5- fluoropyridine

4-carboxamide(1.74g,96%yield)asalightyellowsolid.LCMS(ESImlz):445[M+H]~.  

[0397] A100mLround-bottomflaskwaschargedwithN-{4-benzyl-1-[(4

methoxyphenyl)methyl]pyrazol-3-yl}-2-ethyl-5-fluoropyridine-4-carboxamide(1.50g,3.38 
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yl}-2-ethenyl-5-fluoropyridine-4-carboxamide(510mg,57%yield)asayellowsolid.
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mmol,1.00eq.)andTFA(10mL). Themixturewasstirredfor4hat60 0 Candthen 

concentratedunderreducedpressuretoaffordN-(4-benzyl-1H-pyrazol-3-yl)-2-ethyl-5

fluoropyridine-4-carboxamide(1.02gcrude)asalightyellowsolid.LCMS(ESImlz):325 

[M+H]~.  

[0398] A250niLround-bottomflaskwaschargedwithN-(4-benzyl-1H-pyrazol

3-yl)-2-ethyl-5-fluoropyridine-4-carboxamide(1.00g,3.08mmol,1.00eq.),DMF(50 

mL)andCs2CO3(3.01g,9.24mmol,3.00eq.)atrt.Themixturewasstirredforovernightat 

1200 C.Thereactionwasquenchedwithwater(200mL).Themixturewasextractedwith 

dichloromethane(3x100mL).Theorganiclayerswerecombinedwashedwithwater(3x 

100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure to provide 5-benzyl-11-ethyl- 2,3,7,12~tetraazatricyclo[7.4.O.OA{2,6}]trideca~ 

1(9),3,5,10,12-pentaen-S-one(700mgcrude)asalightyellowsolid. LCMS(ESImlz): 

305[M+H]~.  

[0399] A100mLround-bottomflaskwerechargedwith5-benzyl-11-ethyl

2,3,7,12-tetraazatricyclo[7.4.O.OA{2,6}]trideca~1(9),3,5,1O,12~pentaen~8~one(1.87g,6.14 

mmol,1.00eq.),10%Pd/C(0.330g,)andAcOH(50mL)atrt.Themixturewasstirredfor2 

daysat600 Cunderahydrogenatmosphere(2-3atm). Thesolidswerefilteredoffand 

washedwithethylacetate(3x10mL).Thefiltratewasconcentratedunderreducedpressure 

to afford5-benzyl-11-ethyl-2,3,7,12~tetraazatricyclo[7.4.O.OA{2,6I]trideca~1(9),3,5-trien-8

one(1.50g,79%yield)asanoff-whitesolid.LCMS(ESImlz):309[M+H]~.  

2,3,7,12-tetraazatricyclo[7.4.O.OA{2,6}]trideca~1(9),3,5~trien~8~one(920mg,2.98mmol, 

1.00eq.),Et3N(0.600g,5.97mmol,2.00eq.),(Boc)20(0.780g,3.58mmol,1.20eq.)and 

dichloromethane(50mL).Themixturewasstinedfor4hatrt.Thereactionwasquenched 

withwater(200mL).Themixturewasextractedwithdichloromethane(3x100mL).The 

organiclayerswerecombinedwashedwithwater(3x100mL),driedoveranhydrous 

sodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewaspurified 

bysilicagelcolumnchromatographyelutedwithethylacetate:petroleumether(1:1)to 

afford tert-butyl 5-benzyl-11-ethyl-8-oxo-2,3,7,12~tetraazatricyclo~7.4.O.OA{2,6}]trideca

1(9),3,5-triene-12-carboxylate(1.05g,86%yield)asanoff-whitesolid.LCMS(ESImlz): 

409LM+H]~.  
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[0400] A100mEround-bottomflaskwerechargedwith5-benzyl-11-ethyl-
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(4j75-(trifluoromethyl)-1H-tetrazol-1-vi- )phenvl)boronic acid (I-18) 

CI 
NH2  F3 C~ FSCfN 

PPh3, TFA, TEA N NaN3, ACN N~..  

Br 0014,reflux,3h rtl6h N 
Br Br 

0 0 
BB F3CfN 

' / 
'I Nh' 

0 0 N 
Pd(dppf)C12,AcOK 

1,4-dioxane,100~C,3h HOBI (1-18) 
OH 

[0401] Toamixtureoftriphenyiphosphine(34.50g,132mmol,2.50eq.)and 
e 

triethylamine(5.35g,53.0iznmol,1.00eq.)inCC14(25niL)wasaddedTFA(5.02g,44.0 

mirnol,0.80eq.)at0 0 C. Themixturewasstirredfor15ruinsat0 0 C. Asolutionof4

broinoaniline(9.12g,53.0isnniol,1.00eq.)inCC14(30niL)wasaddedat0 0 C.Themixture 

wasrefluxedfor3h.Thesolidswerefilteredoffandwashedwithhexane(3x100mL).The 

combinedfiltratewasconcentratedunderreducedpressure. Theresiduewaspurifiedby 

silicagelcolumnchromatographyelutedwith0-20%ethylacetateinpetroleumetherto 

afford(E)-N-(4-bromophenyl)-2,2,2-trifluoroacetimidoylchloride(9.93g,65%yield)asa 

[0402] To a solution of (E)-N-(4-bromophenyl)-2,2,2-trifluoroacetimidoyl 

chloride(2.80g,9.77mmol,1.00eq.)inacetonitrile(16mL)wasaddedNaN3(0.636g,9.77 

mmol,1.00eq.)atrt. Themixturewasstirredfor16hatrtandthenconcentratedunder 

reducedpressure. Theresiduewaspurifiedbysilicagelcolumnchromatographyeluted 

with0-50%ethylacetateinpetroleumethertoafford1-(4-bromophenyl)-5-(trifluoromethyl)

1H-tetrazole(926mg,32%yield)asapaleyellowoil.LCMS(ESImlz):293LM+H]~.  

[0403] To a mixture of 1-(4-bromophenyl)-5-(trifluoromethyl)-1H-tetrazole 

(0.926g,3.16mmol,1.00eq.)and5,5,5',5'-tetramethyl-2,2'-bi(1,3,2-dioxaborinane)(1.43g, 

6.32mmol,2.00eq.)andpotassiumacetate(1.55g,15.8mmol,5.00eq.)in1,4-dioxane(24 

mL)wasaddedPd(dppf)C1 2 .CH2 Cl2 (257mg,0.320mmol,0.10eq.). Themixturewas 
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lightyellowliquid.
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stirredfor3hat100 0 C.Thesolidswerefilteredoffandthefiltratewasconcentratedunder 

reducedpressure.Theresiduewaspurifiedbyreversephasechromatographywithfollowing 

condition:Column:AgelaC18Column,330g~MobilePhaseA:Water(0.05%TFA),Mobile 

PhaseB:ACN;Flowrate:60mL/miwGradient:0%Bto60%Bin40mm toafford(4-(5

(trifluoromethyl)-1H-tetrazol-1-yl)phenyl)boronicacid(704mg,86%yield)asalightyellow 

solid.LCMS(ESImlz):259[M+H]~.  

5- r4-15.~5-dimethyl-1,3,2-dioxaborinan-2-y- l)phenvll-1-methyl-1,2,3-triazole(I-19) 

N 
N I 

''j 

N bq~ /'II' N 
"I I (n-Bu)3Sn IN 
I. 0 0~.  

-Vt- N I ~L I 
Pd(PPh3)4,DMF Br AcOKDMSO 0 
1000Covernight 

6000 overnight (1-19) 

[0404] A100mEvialwaschargedwith4-bromoiodobenzene(1.50g,5.30 

mmol,1.00eq.),tetrakis(triphenylphosphine)palladium(0.310g,0.265mmol,0.05eq.), 

DMF(20mL)and1-methyl-5-(tributylstannyl)-1,2,3-triazole(3.95g,10.6mmol,2.00eq.).  

Thesolutionwasstirredforovernightat100 0 Cundernitrogenatmosphere. Thereaction 
e 

wasquenchedwithwater(100mL).Themixturewasextractedwithethylacetate(3x100 

mL). Theorganiclayerswerecombinedwashedwithwater(3x100mL),driedover 

anhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewas 

bromophenyl)-1-methyl-1,2,3-triazole(400mg,31%yield)asawhitesolid. LCMS(ESI, 

m/z):238LM+H]~.  

[0405] A40mLvialwaschargedwith5-(4-bromophenyl)-1-methyl-1,2,3

triazole(400mg, 1.68mmol 1.00eq.),2-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)-5,5

dimethyl-1,3,2-dioxaborinane(759mg,3.36mmol,2.00eq.),Pd(PPhQ 2 Cl2 (59.0mg,0.084 

mmol,0.05eq.),AcOK(330mg,3.36mmol,2.00eq.)andDM50(20mL).Thesolution 

wasstirredforovernightat60 0 Cundernitrogenatmosphere. Thereactionwasquenched 

withwater(100mL). Themixturewasextractedwithethylacetate(3x100mL). The 

organiclayerswerecombinedwashedwithwater(3x100mL),driedoveranhydrous 

sodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewaspurified 
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purifiedbysilicagelcolumnchromatographyelutedwithEA:PE(1:5)toafford
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bysilicagelcolumnchromatographyelutedwithEA:PE(1:5)toafford5-[4-(5,5-dimethyl

1,3,2-dioxaborinan-2-yl)phenyl]-1-niethyl-1,2,3-triazole(1-19)(350rug,76%yield)asa 

whitesolid.LCMS(ESImlz):272[M+H]~.  

tert-butyl 5-benzyl-11-methvl-7-r5- (methvlcarbamovl 12

- )pyridin-2-vll-8-oxo-2 9 39 7.  tetraazatricyclor7.4.O.OA{2~6Iltrideca-1(9t3 9 5-triene-12-carboxylate (1-20) 

COOMe 
0 COOMe 

H 
I A A 

H 

NI GuiK3 P04 
1000C.overnight 

CONHMe 

MeNH2,MeOH 

600 CovernightBoc 

N 

(1-20) 

[0406] A100mLround-bottomflaskwaschargedwithtert-butyl5-benzyl-11

methyl-8-oxo-2,3,7, ~ 

(500mg,1.27mmol,1.00eq.),methyl6-iodopyridine-3-carboxylate(500mg,1.90mmol, 

mg,0.127mmol,0.10eq.),K 3 P04 (538mg,2.54mmol,2.00eq.)andtoluene(10mL).The 

mixturewasstinedforovernightat100 0 Cundernitrogenatmosphere. Thereactionwas 

quenchedwithwater(100mL).Themixturewasextractedwithethylacetate(3x100mL).  

Theorganiclayerswerecombinedwashedwithbrine(3x100mL),driedoveranhydrous 

sodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewaspurified 

byPrep-HPLwiththefollowingconditions:Column:YMC-ActusTriartCisExRS,30x150 

mm,5jim;MobilePhaseA:Water(10mmolILNH4HCO3+0.1%NH3.H20),MobilePhaseB: 

ACN;Flowrate:60 , Gradient:55%Bto75%BinSmiwWaveLength:254nmto 

affordtert-butyl5-benzyl-7-L5-(methoxycarbonyl)pyridin-2-yl]-11-methyl-S-oxo-2,3,7,12

229 

1.50eq.),methyl[2-(methylamino)ethyl]amine(22.4mg,0.254mmol,0.20eq.),Cul(24.1
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tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-triene-12-carboxylate(220mg,33%yield)as 

awhitesolid.LCMS(ESImlz):530[M+H]~.  

[0407] A100niLround-bottomflaskwaschargedwithtert-butyl5-benzyl-7-[5

(methoxycarbonyl) pyridin-2-yl]-11-methyl-8-oxo-2,3,7,12

tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-triene-12-carboxylate(220mg,0.415mmol, 

1.00eq.),CH3NH2(0.5mL,30%w/winethanol)andCH 3 OH(10mL)atrt.Themixture 

wasstirredforovernightat60 0 Candthenconcentratedunderreducedpressure.Theresidue 

waspurifiedbyprep-TLC(CH2Cl2/MeOH 10/1)toaffordtert-butyl5-benzyl-11-methyl-7

[5-(methylcarbamoyl)pyridin-2-yl]-8-oxo-2,3,7,12-tetraazatricyclo[7.4.0.OA{2,6}]trideca

1(9),3,5-triene-12-carboxylate(1-20)(150mg,68%yield)asayellowsolid. LCMS(ESI, 

m/z):529[M+H]~.  

1-(2-((tert-butyldimethylsilyl)oxy)ethyl)-5-C5,5-dimethyl-1,3,2-dioxaborinan-2-yl)-1H
benzordlrl,2,3]triazole (1-21) 

Br Br 0 
OH CH3I, K2C03DMF n-BuLi CO2 THF 

7 NH w -U.- -U.  

%4t% / rL 2h ~ N -78oQ,4h N 
Br N Br N Br N0~ 

0 0 
Im OxalylchlorideDMFDCM NH 

ooc2h NH2NH2MeOH m 

2.MeOHEt3N t%¾4 N reflux,5h a-er NH2 

'0BB 

(1)DMF-DMADMF,130oQ,4h ~ dp N1 __________ 0 0 
-- U (2)MeNH2AcOHDMF,1300C,4h Pd(PPh92CI2,AcOKDixoane 
~"ea I 

Br N 600 Covernight 

N I 

-- U 

0 
B N I 
0 (1-21) 
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[0408] A250ruLroundbottomflaskwaschargedwith3,5-dibromo-1H-pyrazole 

(10.0g,44.3mniol,1.00eq.),DMF(50niL,684mmol,15.0eq.),methyliodide(6.60g, 

46.5mmol,1.05eq.)andK 2 C03 (12.2g,88.5mmol,2.00eq.).Thesolutionwasstirredfor 

2hatrtandthendilutedwithwater(100mL).The e wasextractedwithethylacetate 

(3x100mL).Thecombinedorganiclayerswerewashedwithwater(3x100mL),dried 

overanhydroussodiumsulfate filteredandconcentratedunderreducedpressure. The 

residuewaspurifiedbysilicagelcolumnchromatographyelutedwithEA:PE(1:10)to 

afford3,5-dibromo-1-methylpyrazole(10.3g,97%yield)asacolorlessoil. LCMS(ESI, 

m/z):239[M+H]~.  

[0409] A 500mLroundbottomflaskwaschargedwith 3,5-dibromo-1

methylpyrazole(9.40g,39.2mmol,1eq.)andtetrahydrofuran(100mL).Butyllithium(23.5 

mL,58.8mmol,1.50eq.,2.5mol/Linn-hexane)wasaddeddropwisetoabovemixtureat

780 Cundernitrogenatmosphere. Thesolutionwasstined2hat-78 0 Candthenstined 

other2hat-78 0 CunderC02atmosphere.Thereactionwasquenchedwithwater(10mL)at 

-780 Candthenconcentratedunderreducedpressuretoafford5-bromo-2-methylpyrazole-3

carboxylicacid(9.23gcrude).LCMS(ESImlz):205[M+H]~.  

[0410] A 250 mE round bottom flask was charged with 5-bromo-2

methylpyrazole-3-carboxylicacid(7.81g,38.1mmol,1.00eq.),DCM(100mL)andDMF 

(0.03gcat.).Theoxalylchloride(24.2g,190mmol,5.00eq.)wasaddeddropwiseat0 0 C 

undernitrogenatmosphere.Thesolutionwasstirredfor2hat0 0 C.Amixturesolutionof 

dropwiseat0 0 Cundernitrogenatmosphere.Thesolutionwasstinedforother2hatrt.The 

reactionwasquenchedwithwater(100mL).The mixturewasextractedwithethylacetate 

(3x50mL).Thecombinedorganiclayerswerewashedwithbrine(3x50mL),driedover 

anhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewas 

purifiedbysilicagelcolumnchromatographyelutedwithEA:PE(1:5)toaffordmethyl5

bromo-2-methylpyrazole-3-carboxylate(6.02g,72%yield)asayellowsolid.LCMS(ESI, 

m/z):219LM+H]~.  

[0411] A250mEroundbottomflaskwaschargedwithmethyl5-bromo-2

methylpyrazole-3-carboxylate(4.50g,20.5mmol, 1.00eq.),methanol(100mL)and 

hydrazinehydrate(1.32g,21. 1mmol,1.03eq.,80%inwater).Themixturewasstirredfor5 
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methanol(12.2g,380mmol,10.0eq.)andEt3N(19.3g,190mmol,5.00eq.)wasadded
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h at 70 0C and then concentratedunder reducedpressure to afford 5-brorno-2

methylpyrazole-3-carbohydrazide(4.40gcrude)asayellowsolid.LCMS(ESImlz):219 

[M+H]~.  

[0412] A 100 mE round bottom flask was charged with 5-brorno-2

inethylpyrazole-3-carbohydrazide(1.00g,4.57mmol,1.00eq.),DMF(20mL)andDMF

DMA(0.63g,27.4mmol,6.00eq.).Thesolutionwasstirredfor4hat130 0 C.Themixture 

wasallowedtocooltort.Methylamine(3.78g,36.5mmol,8.00eq.,30%w/winEtOH)and 

aceticacid(1.37g,22.8mmol,5.00eq.)wereadded.Thesolutionwasstirredforother4h 

at1300 C.Themixturewasallowedtocooltort. Thereactionwasquenchedwithwater 

(100mL).resultingmixturewasextractedwithBA(3x50mL).Theorganiclayerswere 

combinedwashedwithwater(3x50mL),driedoveranhydroussodiumsulfatefilteredand 

concentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatographyelutedwithMeOH:CH2Cl2(1:10)toafford3-(5-bromo-2-methylpyrazol-3

yl)-4-methyl-1,2,4-triazole(260mg,24%yield)asalightyellowsolid.LCMS(ESImlz): 

242[M+H]~.  

[0413] A 100 mLroundbottom flask was charged with 3-(5-bromo-2

methylpyrazol-3-yl)-4-methyl-1,2,4-triazole(443mg,1.83minol,1.00eq.),2-(5,5-dimethyl

1,3,2-dioxaborinan-2-yl)-5,5-dimethyl-1,3,2-dioxaborinane(1.24g,5.49mmol,3.00eq.), 

1,4-dioxane (20 mL), potassium acetate (539 mg, 5.49 mmol, 3.00 eq.) and 

bis(triphenylphosphine)palladiumdichloride(128mg,0.183mmol,0.10eq.).Themixture 

rt.Thesolidwasfilteredoffandthefiltercakewaswashedwith1,4-dioxane(3x5mL).  

Thefiltratewasconcentratedunderreducedpressure.Theresiduewaspurifiedbyreverse 

flashchromatographywiththefollowingconditions:columnAgelaCisColumn 120g; 

mobilephaseMeCNinWater,5%to15%gradientin20mm;detectorUV254nm.The 

eluent was concentratedunder reducedpressure to afford 3-L5-(5,5-dimethyl-1,3,2

dioxaborinan-2-yl)-2-methylpyrazol-3-yl]-4-methyl-1,2,4-triazole(50mg,10%yield)asa 

yellowsolid.LCMS(ESImlz):276LM+H]~.  
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wasstinedfor2hat60 0 Cundernitrogenatmosphere.Themixturewasallowedtocoolto
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tert-butyl 3-benzyl-7-methyl-4-(5-(4-niethyl-4H-1,2,4-triazol-3-vi- )pyridin-2-vl)-5-oxo
5Ii 6,7,9-tetrahydropyrazolor1,5-alpyridor4,3-elpyrimidine-S(4H)-carboxylate (1-22) 

0 0 1.DMF-DMADMF 
NH2NH2 H20, MeOH 1000 C,2h 

I 600Covrnight H 2.CH3NH2,DMF N 
I N I N 1000 C,2h N 

0 

NrN 

0 N 

N 

H N 
A

N 
H (1-22) 

GuiK3 P04 toluene,1200Covernight 

[0414] A100mLroundbottomflaskwaschargedwithmethyl6-iodopyridine-3

carboxylate(1.00g,3.80mmol,1.00eq.),hydrazinemonohydrate(1.19g,19.0mmol,5.00 

eq.,80%inwater)andMeOH(50mL).Themixturewasstirredforovernightat60 0 Cand 

concentratedunderreducedpressure. Theresiduewasdissolvedwithethylacetate(100 

mL),washedwithwater(3x50mL),driedoveranhydroussodiumsulfatefilteredand 

concentratedunderreducedpressuretoafford6-iodonicotinohydrazide(980mgcrude)asa 

[0415] A100mLroundbottomflaskwaschargedwith6-iodopyridine-3

carbohydrazide(980mg,3.72mmol,1.00eq.),DMF-DMA(543mg,4.56mmol,1.22eq.) 

mixturewasstirredfor2hat100 0 Candthencooledtort.  
andDMF(20mL). The e 

CH3NH2(0.70mL,30%w/winmethanol)andAcOH(1.37g,22.8mmol,6.00eq.)were 

added.Thesolutionwasstirredfor2hat100 0 C.Themixturewasdilutedwithwater(100 
e 

nTh)andthepHofthemixturewasadjustedto9usingNaOH(1mmolIL).Themixturewas 

extractedwithEtOAc(3x100mL).Theorganiclayerswerecombinedwashedwithwater 

(3x100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure.Theresiduewaspurifiedbysilicagelcolumnchromatographyelutedwith 

CH2Cl2:MeOH(10:1)toafford2-iodo-5-(4-methyl-1,2,4-triazol-3-yl)pyridine(90.0mg,8% 

yield)aslightyellowsolid.LCMS(ESImlz):287[M+H]~.  
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whitesolid.LCMS(ESImlz):264LM+H]~.
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[0416] A40ruLvialwaschargedwithtert-butyl11-niethyl-5-(2-inethylpropyl)

8-oxo-2,3,7,12-tetraazatricyclo[7.4.O.OA{2,6}]trideca-1(9),3,5-triene-12-carboxylate (200 

rug,0.506nunol,1.00eq.),6-bronio-3-niethylimidazo[4,5-c]pyridine(90rug,0.313nrniol, 

0.6 eq.), copper(I) iodide (40 rug, 0.210 mniol, 0.20 eq.), niethyl[2

(methylainino)ethyl]amine(10.0rug,0.114nunol,0.22eq.),K 3 P04 (430rug,2.02nimol, 

4.00eq.)andtoluene(10niL). Themixturewasstirredforovernightat120 0 Cunder 

nitrogenatmosphere. Thereactionwasquenchedwithwater(100mL). Themixturewas 

extractedwithethylacetate(3x100niL).Theorganiclayerswerecombinedwashedwith 

water(3x100niL),driedoveranhydroussodiumsulfatefilteredandconcentratedunder 

reducedpressure. Theresiduewaspurifiedbysilicagelcolumnchromatographyeluted 

withCH2Cl2:MeOH(10:1)toaffordtert-butyl3-benzyl-7-methyl-4-(5-(4-methyl-4H-1,2,4

triazol-3-yl)pyridin-2-yl)-5-oxo-5,6,7,9-tetrahydropyrazoloII1,5- a]pyrido[4,3-e]pyrimidine

8(4H)-carboxylate(40mg,14%yield)asawhitesolid.LCMS(ESImlz):553[M+H]~.  

4-i?4115Ii 5-dimethyl-1,3,2-dioxaborinan-2-y- l)phenyl)-2-methyl-1-((2
(trimethylsilyl)ethoxy)methyl)-1H-imidazole (1-23) AcOH1NH4OAc1XyIene 

NH2  Ac2OTHFEt3N Nt 

rtovernight 
Br Br 

I 
0% 

B 

N- 0 
NH N-SEM 

NaHSEM-CITHF 

Br 00 04h Br Pd(PPh)2012,AcOKDMSO 60~Covernight 

N-a
N~SEM 

0% 
I 
0 (1-23) 

[0417] A250three-neckedroundbottomflaskwaschargedwith2-amino-1-(4

bromophenyl)ethan-1-onehydrochloride(12.0g,47.9mmol,1.00eq.),tetrahydrofuran(100 

niL)andaceticanhydride(14.7g,143mmol,3.00eq.).Triethylamine(14.5g,143mmol, 
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3.00eq.)wasaddeddropwiseat0 0 C. Themixturewasstirredforovernightatrt. The 

reactionwasquenchedwithwater(200niL).ThemixturewasextractedwithBA(3x100 

mL). Theorganiclayerswerecombinedwashedwithbrine(3x100mL),driedover 

anhydroussodiumsulfatefilteredandconcentratedunderreducedpressuretoaffordN-[2

(4-bromophenyl)-2-oxoethyl]acetamide(11.6g,95%yield)asayellowsolid.LCMS(ESI, 

m/z):256[M+H]~.  

[0418] A250mLthree-neckedroundbottomflaskwaschargedwithN-[2-(4

bromophenyl)-2-oxoethyl]acetamide(11.6g,45.3mmol, 1.00eq.),xylene(100mL), 

NH4OAc(17.4g,226mmol,5.00eq.)andaceticacid(13.6g,226mmol,5.00eq.). The 

solutionwasstirredforovernightat130 0 Candthenconcentratedunderreducedpressure.  

TheresiduewasdissolvedwithEA(500mL),washedwithsaturatedsodiumbicarbonate 

solution(200mL)andwater(3x200mL),driedoveranhydroussodiumsulfateand 

concentratedunderreducedpressure. Theresiduewaspurifiedbysilicagelcolumn 

chromatography, elutedwithPB:BA(1:5)toafford4-(4-bromophenyl)-2-methyl-1H

imidazole(7.86g,73%yield)asayellowsolid.LCMS(ESImlz):237[M+H]~.  

[0419] A250mLround-bottomflaskwaschargedwith4-(4-bromophenyl)-2
e 

methyl-1H-imidazole(4.00g,16.9mmol,1.00eq.)andtetrahydrofuran(100mL).Sodium 

hydride(0.808g,20.2mmol,1.20eq.,60%inmineraloil)wasaddedinportionat0 0 C 

underN2atmosphere. Thesolutionwasstinedfor1.5hatrtunderN2atmosphere. [2

(chloromethoxy)ethyl]trimethylsilane(3.66g,21.9mmol,1.30eq., in10mETHF)was 

reactionwasquenchedwithwater(100mL)at0 0 C.ThemixturewasextractedwithBA(3 

x100mL).Theorganiclayerswerecombinedwashedwithbrine(3x100mL),driedover 

anhydroussodiumsulfatefilteredandconcentratedunderreducedpressure.Theresiduewas 

purifiedbysilicagelcolumnchromatographyelutedwithBA:PB(1:3)toafford4-(4

bromophenyl)-2-methyl-1-{L2-(trimethylsilyl)ethoxy]methyl}imidazole(4.00g,64%yield) 

asayellowsolid.LCMS(BSImlz):367[M+H]~.  

[0420] A100mLroundbottomflaskwaschargedwith4-(4-bromophenyl)-2

methyl-1-{L2-(trimethylsilyl)ethoxy]methyl}imidazole(4.10g,10.9mmol,1.00eq.),DM50 

(20mL), 2-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)-5,5-dimethyl-1,3,2-dioxaborinane(7.38 

g, 32.7 mmol, 3.00 eq.), potassium acetate (3.21 g, 32.7 mmol, 3.00 eq.) and 
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addeddropwiseat0 0 C.Thesolutionwasstinedfor1.5hatrtunderN2atmosphere.The
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bis(triphenylphosphine)palladiunidichioride(0.760g,1.09mniol,0.10eq.). Themixture 

wasstirredforovernightat60 0 CunderN2atmosphere. Thereactionwasquenchedwith 

water(100mL).ThemixturewasextractedwithBA(3x30mL).Theorganiclayerswere 

combinedwashedwithwater(3x100mL),driedoveranhydroussodiumsulfateand 

concentratedunderreducedpressure.Theresiduewaspurifiedbysilicagelcolumn 

chromatographyelutedwithEA:PE(1:3)toafford4-[4-(5,5-dimethyl-1,3,2-dioxaborinan-2

yl)phenyl]-2-methyl-1- {[2-(trimethylsilyl)ethoxy]methylIimidazole(3.90g,89%yield)asa 
yellowsolid.LCMS(ESImlz):401[M+H]~.  

I 
N 

0 N 0 I 
Br N 

~N H 0  N 

N 
N 

N H 
N 

CulK3 P04 ,toluene (1-24) 
12000,overnight 

[0421] A40mLvialwaschargedwithtert-butyl11-methyl-5-(2-methylpropyl)

8-oxo-2,3,7,12-tetraazatricyclo [7.4.O.OA{2,6}]trideca-1(9),3,5-triene-12-carboxylate (500 

mg,1.39mmol,1.00eq.),6-bromo-3-methylimidazo[4,5-c]pyridine(294mg,1.39mmol, 

N'-[(pyridin-2-yl)methyl]ethanediamide(177.6mg,0.556mmol,0.40eq.),K 3 P04 (589mg, 

2.77mmol,2.00eq.)andtoluene(20mL).Themixturewasstirredforovernightat120 0 C 

undernitrogenatmosphere. Thereactionwasquenchedwithwater(50mL). Themixture 

wasextractedwithBA(3x100mL).Theorganiclayerswerecombinedwashedwithbrine 

(3x100mL),driedoveranhydroussodiumsulfatefilteredandconcentratedunderreduced 

pressure.Theresiduewaspurifiedbyprep-TLC(CH2Cl2:MeOH- OS1)toaffordtert-butyl 

11-methyl-7- {3-methylimidazo[4,5-c]pyridin-6-yl}-5- (2-methylpropyl)-S-oxo-2,3,7,12

tetraazatricyclo[7.4.O.OA{2,61]trideca-1(9),3,5-triene-12-carboxylate(250mg,37%yield)as 

awhitesolid.LCMS(ESImlz):492[M+H]~.  
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1.00eq.),copper(I)iodide(52.8mg,0.277mmol,0.200eq.),N-(2-methylnaphthalen-1-yl)-
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4-isobutyl-1-(4-inethoxybenzyl)-5-methyl-1H-pyrazol-3- amine (1-25) 

0 

Br CH3GN, LDA, THF 
-780 Ctort,16h t-BuOKTHFrt,2.5h o 

H 

PMBNNH2HOI 
~K 

EtOH/H2 0,850 C,4h PMB' 

(1-25) 

[0422] Toasolutionofacetonitrile(8.20g,200mmol,1.00eq.)inanhydrous 

THF(500mL)wasaddedLDA(100mL,200mmol,1.00eq.,2Msolutioninn-hexane)at

780 Cundernitrogenatmosphere.Themixturewasstirredfor1hat-78 0 C.Asolutionof1

bromo-2-methylpropane(30.2g,220mmol,1. 10eq.)inTHF(100mL)wasaddeddropwise 

at-780 C. Themixturewaswarmedtortnaturallyandthenstirredfor16hatrt. The 

mixturewaspouredtosaturatedNH4Cl(aq.)(1L),extractedwithdichloromethane(3xiL).  

Thecombinedorganiclayerswerewashedwithbrine(2x500mL),driedoversodium 

sulfateandfiltered. Thefiltratewasconcentratedunderreducedpressuretoafford4

methylpentanenitrile(12.2gcrude)asorangeredoilwhichwasusedfornextstepwithout 

[0423] Toasolutionof4-methylpentanenitrile(12.2g,126mmol,1.00eq.)in 

anhydrousTHF(500mL)wasaddedpotassiumtert-butoxide(42.3g,377mmol,3.00eq.)at 

00 Cundernitrogenatmosphere. Themixturewasstirredfor30minsatrt. Ethylacetate 

(61.3mL,629mmol,5.00eq.)wasaddeddropwiseveryslowlyat0 0 C.Themixturewas 

stirredfor2.5hatrt.Themixturewaspouredtoamixtureofwater(iL),concentratedHCl 

(aq.)(100mL)andice(100g).ThemixturewasextractedwithBA(3x1L).Thecombined 

organiclayerswerewashedwithbrine(2x500mL),driedoversodiumsulfateandfiltered.  

The filtrate was concentrated under reduced pressure to afford 2-acetyl-4

methylpentanenitrile(17.5gcrude)asorangeredoilwhichwasusedwithoutfurther 

purification.LCMS(ESImlz):140[M+H]~.  

237 

furtherpurification.GCMS:M 97
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[0424] Amixtureof2-acetyl-4-methylpentanenitrile(17.5g,126mmol,1.00eq.) 

and(4-niethoxybenzyl)hydrazinehydrochloride(23.7g,126mmol,1.00eq.)inethanol(600 

niL)andwater(100mL)wasstirredfor4hat85 0 C.Themixturewascooledtoambient 

temperatureandthenconcentratedunderreducedpressure. Theresiduewasdilutedwith 

water(iL)andconcentratedNH3(aq.)(200mL),andextractedwithBA(3x1L). The 

combinedorganiclayerswerewashedwithbrine(2x500mL),driedoversodiumsulfate 

andfiltered.Thefiltratewasconcentratedunderreducedpressure.Theresiduewaspurified 

bysilicagelcolumnchromatographyelutedwith0-30%BAindichloromethanetoafford4

isobutyl-1-(4-methoxybenzyl)-5-methyl-1H-pyrazol-3-amine(6.30g,18%yield)asalight 

yellowsolid.LCMS(ESImlz):274[M+H]~.  

Example55 

SynthesisofCompounds39-115and119 

[0425] Compounds39-115and119weresynthetizedfollowingthepathwaysand 

usingtheintermediatesdescribedhereinand/orknownintheart.Thechiralcentersreferred 

toasrac-(R)orrac-(S)inthecompoundnamehavebeenchosenarbitrarily.TableAdepicts 

thestructuresofCompounds39-115and119, theiranalyticaldetailsandthechiralHPLC 
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methodsusedtoassessenantiomerswhenapplicable.
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[0426] AdditionalcompoundsofFormula(I),suchasCompounds116-118and 

120-122providedinTableBcanbepreparedusingsimilarmaterialsandmethodsdescribed 

hereinsuchasthosedescribedherein.  

Table B 

Cmpd Name Structure MW 

(R)-3-benzyl-8-(4-bromo-3
N 

-'N (trifluoromethyl)benzoyl)-7-methyl
0 

N 
6a 4-(1-methyl-5-(4-methyl-4H-1,2,4- NI 

triazol-3-yl)-1H-pyrazol-3-yl)
6,7,8,9-tetrahydropyrazolo[1,5- 0 I 

________a]pyrido[4,3-e]pyrimidin-5(4H)-one 706.53 
(S)-3-benzyl-8-(4-bromo-3

N 

(trifluoromethyl)benzoyl)-7-methyl
-C

16b 4-(1-methyl-5-(4-methyl-4H-1,2,4
triazol-3-yl)-1H-pyrazol-3-yl)
6,7,8,9-tetrahydropyrazolo[1,5

_________ a]pyrido[4,3-e]pyrimidin-5(4H)-one ___________________________________________ 
(R)-3-benzyl-8-(4-bromo-3

NrN 
(trifluoromethyl)benzoyl)-7-methyl- I> 

0 N" N 
4-(5-(4-methyl-4H-1,2,4-triazol-3- N.I 

117a yl)pyridin-2-yl)-6,7,8,9- NI N 

tetrahydropyrazolo[1,5-a]pyrido[4,3
________e]pyrimidin-5(4H)-one 703.52 

(S)-3-benzyl-8-(4-bromo-3
NN (trifluoromethyl)benzoyl)-7-methyl- N~ I> 

N 
4-(5-(4-methyl-4H-1,2,4-triazol-3

tetrahydropyrazoloL1,5-a]pyridoL4,3
________e]pyrimidin-5(4H)-one ______________________________________ 

(R)-8-(4-bromo-3
(trifluoromethyl)benzoyl)-3-isobutyl

0 7-methyl-4-(4-(2-methyl-1H
11Sa imidazol-4-yl)phenyl)-6,7,8,9- NI N 

I 

tetrahydropyrazolo[1,5-a]pyrido[4,3
________e]pyrimidin-5(4H)-one ____________________________ 

(S)-8-(4-bromo-3- 667.53 

(trifluoromethyl)benzoyl)-3-isobutyl
Sb 7-methyl-4-(4-(2-methyl-1H

imidazol-4-yl)phenyl)-6,7,S,9
tetrahydropyrazolo[1,5-a]pyrido[4,3

________e]pyrimidin-5(4H)-one ______________________________________ 
a 
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117b yl)pyridin-2-yl)-6,7,8,9-
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Cmpd Name Structure MW 

(R)-4-(S-(4-bromo-3
(trifluoromethyl)benzoyl)-3-isobutyl

Br ~ 

120a 2,7-diinethyl-5-oxo-6,7,8,9- N 
tetrahydropyrazoloL1,5-a]pyrido~4,3- F30 

C 
e]pyrimidin-4(5H)-yl)-N

_________methylbenzamide _______________________________ 658.52 
(S)-4-(8-(4-bromo-3
(trifluoromethyl)benzoyl)-3-isobutyl- -a- CONHMe 

12Gb 2,7-dimethyl-5-oxo-6,7,8,9
tetrahydropyrazolo[1,5-a]pyrido[4,3
e]pyrimidin-4(5H)-yl)-N

________methylbenzamide _______________________________________ 
(R)-4-(8-(4-bromo-3
(trifluoromethyl)benzoyl)-3-isobutyl- 

Br "it'4 (yr 7-methyl-5-oxo-6,7,S,9
12la tetrahydropyrazolo[1,5-a]pyrido[4,3- F30 %tj N 

C 
D e]pyrimidin-4(5H)-yl-2-d)-N

________methylbenzamide ____________________________ 645.50 
(S)-4-(8-(4-bromo-3
(trifluoromethyl)benzoyl)-3-isobutyl

121b 7-methyl-5-oxo-6,7,8,9
tetrahydropyrazolo[1,5-a]pyrido[4,3
e]pyrimidin-4(5H)-yl-2-d)-N

________meth lbenzamide _______________________________________ 
(R)-4-(S-(4-bromo-3
(trifluoromethyl)benzoyl)-2-fluoro-3 C 

Br ~ "pipe 

tetrahydropyrazolo~1,5-a]pyrido~4,3- C II 

e e e 

e]pyrimidin-4(5H)-yl)-N________methylbenzamide _____________________________ 662.48 (trifluoromethyl)benzoyl)-2-fluoro-3- ~4~ CONHMe 
. I.  

e]pyrimidin-4(5H)-yl)-N
________methylbenzamide _______________________________________ 

ExampleA 

HBV-DNAAntiviralAssayusingHepG2.117cells 

[0427] ThefollowingassayproceduredescribestheHBVantiviralassayusing 

HepG2.117cellswhichcarryastablyintegratedgenotypeDHBVgenomeunderthecontrol 

ofaTet-offpromoterandintracellularHBVDNAquantificationasendpoint.Cellviability 
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122a isobutyl-7-methyl-S-oxo-6,7,S,9-
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isassessedinparallelbymeasuringtheintracellularATPcontentusingCellTiter-Gb 2.0 

(Proniega).  

[0428] Onday0,HepG2.117cells(whicharemaintainedinroutinecellculture 

withdoxycyclinepresentinthemediumatafinalconcentrationof1~ig/mL)wereseededin 

96-wellplates(whitewithclearbottom)atadensityof2.0x10~cells/well(0.1mL/well)in 

mediumwithoutdoxycyclinetoinducepgRNAtranscriptionandsubsequentformationof 

HBVparticles.Thecellswereincubatedat37 0 Cand5%CO2.  

[0429] Onday1, mediumwasremovedfromeachwellthetestarticleswere 

dilutedinculturemediumwithoutdoxcycylineand1004wasaddedtocellculturewells(9 

concentrations4-folddilution). Foreachplate,6untreated(merelyDMSO)wellswere 

included.ThefinalconcentrationofDMSOintheculturemediumwas2%.Eachplatewas 

prepared in duplicate (one for HBV DNA extraction one for Celliter-Glo 2.0 

measurement).Thecellswereincubatedat37 0 Cand5%C02for3days.  

[0430] Onday4,cellviabilitywasassessedusingCelliter-Glo2.0andcell 

lysateswerepreparedforHBVDNAextractionandsubsequentquantificationbyqPCR.  

HBV DNA quantification by qPCR 

[0431] Mediumwasremovedfromeachwelland1004of0.33%NP-40inH 2 0 
e 

wasaddedtoeachwell.Platesweresealedincubatedat4 0 Cfor5rmnsvortexed 

extensivelyandcentrifugedbriefly.Next,354oflysatewasaddedto654QuickExtract 

at650 Cfor6mins,98 0 Cfor2minsandfinallycooledto4 0 C. HBVDNAwasthen 

quantifiedbyqPCRwithHBV-specificprimersandprobesasspecifiedinTable1usingthe 

Bio-RadSSOAdvancedUniversalProbesSupermixonaCFX96machine(Bio-Rad).The 

PCRcycleprogramconsistedof95 0 Cfor3minsfollowedby40cyclesat95 0 Cfor10sec 

and600 Cfor30sec.  
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DNAExtractionSolution(Epicentre)inaPCRplateforeachwell.PCRplatewasincubated
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Table 1: HBV DNA Primers and Probe for HepG2.117 assay 

Items Name Sequence (5'-~3') 

HBV

forward GTGTCTGCGGCGTTTTATCA(SEQIDNO:1) 
HBVPrimer 

HBV
GACAAACGGGCAACATACCTT(SEQIDNO:2) 

reverse 
FAM/CCTCTKCAT/ZEN/CCTGCTGCTATGCCTCATC/3 

HBVProbe HBVprobe IABkFQ/(SEQIDNO: 3) 

[0432] A DNA standard was prepared by dilution of an IDT gBlock 

correspondingtotheampliconwithconcentrationsrangingfrom10A2tolOAScopies/input 
e 

(i.e.per44)andusedtogenerateastandardcurvebyplottingCqvaluesvs.HBVDNA 

standardconcentration. ThequantityofHBVDNAineachsamplewasdeterminedby 

interpolatingfromthestandardcurve.  

Cell viability 

[0433] UsingtheotherplatesthecellviabilitywasquantifiedbyCelliter-Glo 

2.Oaccordingtothemanufacturersmanual.Inbrief,100RLofreagentsolutionwasadded 

tothecultureplatesandshakenfor2'. Theplateswereincubatedatroomtemperaturefor10 

mm and e signal was subsequently measured on a VarioSkan Lux 

(ThermoFisher)platereader.  

Data analysis 

valueoftestsample)/(averageluminescencevalueof2%DM50control)x100%.HBV 

DNAinhibitionwascalculatedasfollows:100- (HBVDNAcopynumberoftestsample)/ 

(averageHBVDNAcopynumberof2%DM50control)x100%. Nonormalizationto 

entecavirwasrequiredduetotheexcellentdynamicwindowofthisassay.TheCC5oBC 5 o 

andBC9 ovaluesweredeterminedbydose-responsecurvesfittedbyGraphPadPrismusing 
~9 

"log(agonist)vs.response-- Variableslope 
[0435] AsshowninTable2compoundsofFormula(I)areactiveagainstHBV, 

where'A'indicatesanBC 5 oK50nM,'B'indicatesanBC 5 o>50nMandK500nM,'C' 

indicatesanEC5o>500nMand<5000nMand'D, e anEC5o>5000nM. Cell 

viabilityassessmentsindicatedalargewindowbetweeneffectiveantiviralconcentrationsand 

cytotoxiccompoundconcentrations.  
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Table 2 
LIepG2.117 Compound LIepG2.117 

_________ EC5o _________ EC5o 

1 A 38b A 
2 A 39a A 
3 A 39b B 
4 A 39a A 
5 A 39b B 
6 A 40a A 
7 A 40b B 
8 A 41a A 
9 A 41b B 
10 A 42 A 
11 A 43a A 
12 A 43b A 
13 B 44a A 
14 A 44b A 
15 A 45a A 
16 A 45b B 
17 A 46a A 
18 A 46b B 
19 B 47a A 
20 A 47b A 
21a A 48a A 
21b B 48b B 
22a A 49a A 
22b A 49b B 
23 A 50a A 

25 A Sla A 
26 A Sib C 
27 A 52a A 
28 A 52b B 
29 A 53a A 
30 A 53b B 
31 A 54a A 
32 A 54b B 
33 A SSa A 
34 A SSb B 
35 A 56a A 
36 A 56b B 
37a A 57a A 
37b B 57b B 
38a A 58a A 
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LIepG2.117 Compound LIepG2.117 
_________ EC5o _________ EC5o 

58b A SOa A 
59a A SOb B 
59b B Sla A 
60a A Sib B 
60b B 52a A 
61a A 52b B 
61b B 53a A 
62a A 53b B 
62b B 54a A 
63a A 54b A 
63b C 55a A 
64a A 55b A 
64b B 56a A 
65a A 56b B 
65b C 57 B 
66a A SSa A 
66b B SSb A 
67a A 59a A 
67b B 59b B 
65a A 90 D 
65b B 91 D 
69a A 92a A 
69b A 92b D 
70a B 93a A 
70b C 93b A 
71a C 94a A 
71b D 94b B 

72a A 95b B 
73b A 96 C 
73a A 97 D 
74a A 95a A 
74b B 95b B 
75a A 99a A 
75b B 99b C 
76a A lOOa A 
76b B lOOb C 
77a A 101 B 
77b A 102a A 
75a A 102b B 
75b B 103 D 
79a A 104a A 
79b B 104b A 
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Compound HepG2.117 Compound LIepG2.117 

_________ EC5o _________ EC5o 

105a A lOSa A 
105b B lOSh B 
106 A 109a B 
107 D 109b A 

[0436] Althoughtheforegoinghasbeendescribedinsomedetailbywayof 

illustrationsandexamplesforpurposesofclarityandunderstandingitwillbeunderstoodby 

thoseofskillintheartthatnumerousandvariousmodificationscanbemadewithout 

departingfromthespiritofthepresentdisclosure.Thereforeitshouldbeclearlyunderstood 

thattheformsdisclosedhereinareillustrativeonlyandarenotintendedto I. thescopeof 

thepresentdisclosurebutrathertoalsocoverallmodificationandalternativescomingwith 
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thetruescopeandspiritofthepresentapplication.
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WHAT'S CLAIMEDIS: 

1. AcompoundofFormula(I),orapharmaceuticallyacceptablesaltthereof, 

havingthestructure: 

R~R5 0 

N 
N 

0 N x (I) 

wherein: 

xisCHCDCFC(CH3)orN; 
R1 isa3,4-substitutedphenylsubstitutedwithtwomoietiesindependentlyselected 

fromthegroupconsistingof-Cl,-Br, CHF2 ,-CF3 ,-CH3 and-CN; 

andR3 areindependentlyselectedfromthegroupconsistingofhydrogenan 

unsubstitutedCp{alkylanunsubstitutedC14haloalkylanoptionallysubstitutedC3A 

cycloalkylanoptionallysubstitutedarylanoptionallysubstitutedheteroarylanoptionally 

substitutedheterocyclylanoptionallysubstitutedaryl(Cv4alkyl),anoptionallysubstituted 

heteroaryl(CiAalkyl)andanoptionallysubstitutedheterocyclyl(Cii.alkyl)S 

andR5 areindependentlyselectedfromthegroupconsistingofhydrogenan 

optionallysubstitutedheteroaryl, anoptionallysubstitutedheterocyclylanoptionally 

substitutedaryl(Cv4alkyl),anoptionallysubstitutedheteroaryl(Cm4alkyl)andanoptionally 

substitutedheterocyclyl( i~alkyl); 

andR7 areindependentlyselectedfromthegroupconsistingofhydrogenan 

unsubstitutedCp4alkylandanunsubstitutedCiAhaloalkyl; 

R8 is~CHRsaR8 be 

R8 ~ ishydrogenor 

R8 b isselectedfromthegroupconsistingofanunsubstitutedCv4alkylan 

unsubstituted C2A alkenyl, an unsubstituted C24 alkynyl, an optionally substituted 

monocyclicC3 icycloalkylanoptionallysubstitutedphenylanoptionallysubstituted 

monocyclicheteroarylandanoptionallysubstitutedmonocyclicheterocyclyl~and 
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unsubstitutedCiAalkylanunsubstitutedCiAhaloalkylanoptionallysubstitutedarylan
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R9 isasubstitutedarylanoptionallysubstitutedheteroaryloranoptionally 

substitutedheterocyc1y1~and 

providedthatbeacompoundofFormula(I),orapharmaceuticallyacceptablesalt 

thereof, cannot be selected from the group consisting of: 

0 

0 
H 

CI N 

CI N CI 

0 

A

CI 

CI 
CI 

0 

A

CI 

0 

0 

H 

CI 
CI 0 

0 
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0 
0 

0 

CI 

CI 

0 

0 
0 

H 

CI 

F 

0 

A

CI 
0 

F 

0 N 
H H 

N 

CI 
0 

0 N NA 
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0 
H H 

1/4~, 

N 

CI CI 

N NH2 
H 

CI 
0 0 

N 
0 A 

N 
H 

CI 

0 0 

N 
II 

0 NX 0 
H 

0 

0 

NH2 
/4 H 

0 
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0 

H H 

CI 

0 

0 0 

0 0 
H H 

0 

0 0 

0 
H H 

CI 
0 

N 

H H 

CI CI 

CONHMe CONHMe 
0 0 

CI CI 
0 N 0 
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GONHMe 
CONHMe 0 

CI 
CI 0 F 

0 N 

NH 

0 0 

'I CI 
0 N 0 

NH 

0 0 

I CI 
0 N o 

0 
CONHMe 

0 0 

0 N 0 

N 
CONHMe 

0 0 N 

CI CI 'I 

0 N 0 N 
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Na- N 
I 
N7 Is 0 0 N 

H 

CI CI 
0 0 

N CONHMe CONHMe 

0 ~9 

CI CI 
0 0 

CONHMe 

CI 
0 

and orapharmaceuticallyacceptablesaltof 

anyoftheforegoing.  

2. ThecompoundofClaim1, whereinR1' a3,4-substitutedphenylwhereinthe 

4-substitutionis-Br.  

3. ThecompoundofClaim2,wherein is Br Br 

F3C 

CI Br Br or Br 

4. ThecompoundofanyoneofClaims1-3,whereinR2' hydrogen.  

5. ThecompoundofanyoneofClaims1-3,whereinR 2 isanunsubstitutedC14 

alkyl.  

6. ThecompoundofanyoneofClaims1-3,whereinR 2 isanunsubstitutedC14 

haloalkyl.  

7. ThecompoundofanyoneofClaims1-3,whereinR isanoptionally 

substitutedarylanoptionallysubstitutedheteroaryloranoptionallysubstitutedheterocyclyl.  

320 
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8. ThecompoundofanyoneofClaims1-3,whereinR2' anoptionally 

substitutedaryl(C14alkyl),anoptionallysubstitutedheteroaryl(C1Aalkyl)oranoptionally 

substitutedheterocyclyl( i-~ alkyl).  

9. ThecompoundofanyoneofClaims1-8,whereinR3' hydrogen.  

10. ThecompoundofanyoneofClaims1-8,whereinR 3 isanunsubstitutedC14 

alkyl.  

11. ThecompoundofanyoneofClaims1-8,whereinR 3 isanunsubstitutedC14 

haloalkyl.  

12. ThecompoundofanyoneofClaims1-8,whereinR3. anoptionally 

substitutedC34cycloalkylanoptionallysubstitutedarylanoptionallysubstitutedheteroaryl 

oranoptionallysubstitutedheterocyclyl.  

13. ThecompoundofanyoneofClaims1-8,whereinR3. anoptionally 

substitutedaryl(Cm4alkyl),anoptionallysubstitutedheteroaryl(C1Aalkyl)oranoptionally 

substitutedheterocyclyl( i~alkyl).  

14. ThecompoundofanyoneofClaims1- 13, whereinR4 ishydrogen.  

15. ThecompoundofanyoneofClaims1-13,whereinR 4 isanunsubstitutedC14 

alkyl.  

16. ThecompoundofanyoneofClaims1-13,whereinR 4 isanunsubstitutedC14 

haloalkyl.  

17. ThecompoundofanyoneofClaims1-13,whereinR 4 isanoptionally 

18. ThecompoundofanyoneofClaims1-13,whereinR 4 isanoptionally 

substitutedaryl(Cm4alkyl),anoptionallysubstitutedheteroaryl(C1Aalkyl)oranoptionally 

substitutedheterocyclyl( i~alkyl).  

19. ThecompoundofanyoneofClaims1-18,whereinR 5 ishydrogen.  

20. ThecompoundofanyoneofClaims1-18,whereinR 5 isanunsubstitutedC14 

alkyl.  

21. ThecompoundofanyoneofClaims1-18,whereinR 5 isanunsubstitutedC14 

haloalkyl.  

22. ThecompoundofanyoneofClaims1- 18,whereinR 5 isanoptionally 

substitutedarylanoptionallysubstitutedheteroaryloranoptionallysubstitutedheterocyclyl.  
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substitutedarylanoptionallysubstitutedheteroaryloranoptionallysubstitutedheterocyclyl.
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23. ThecompoundofanyoneofClaims1-18,whereinR 5 isanoptionally 

substitutedaryl(C14alkyl),anoptionallysubstitutedheteroaryl(C1Aalkyl)oranoptionally 

substitutedheterocyclyl( i-4alkyl).  

24. ThecompoundofanyoneofClaims1-23, whereinR6 ishydrogen.  

25. ThecompoundofanyoneofClaims1-23,whereinR 6 isanunsubstitutedC14 

alkyL 

26. ThecompoundofanyoneofClaims1-23,whereinR 6 isanunsubstitutedC14 

haloalkyl.  

27. ThecompoundofanyoneofClaims1-26,whereinR 7 ishydrogen.  

28. ThecompoundofanyoneofClaims1-26,whereinR 7 isanunsubstitutedC14 

alkyL 

29. ThecompoundofanyoneofClaims1-26,whereinR 7 isanunsubstitutedC14 

haloalkyl.  

30. ThecompoundofClaim5,10,15,20,25or28,whereintheunsubstitutedCiA 

alkylismethyl.  

31. ThecompoundofanyoneofClaims1-30,whereinR 8 ~ ishydrogen.  

32. ThecompoundofanyoneofClaims1-30,whereinR 8 ~ is-CH3 .  

33. ThecompoundofanyoneofClaims1-32,whereinRsbisanunsubstitutedCi 

4alkyl.  

34. ThecompoundofanyoneofClaims1-32,whereinRsbisanunsubstitutedCi 

35. ThecompoundofanyoneofClaims1-32,whereinRsbisanunsubstitutedCi 

4alkynyL 

36. ThecompoundofanyoneofClaims1-32,whereinR 8 bj~jjanoptionally 

substitutedmonocyclicCitcycloalkyl.  

37. ThecompoundofanyoneofClaims1-32,whereinR 8 bj~jjanoptionally 

substitutedphenyl.  

38. ThecompoundofanyoneofClaims1-32,whereinR 8 bisanoptionally 

substitutedmonocyclicheteroaryl.  

39. ThecompoundofanyoneofClaims1-32,whereinR 8 bisanoptionally 

substitutedmonocyclicheterocyclyl.  
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40. ThecompoundofanyoneofClaims36-39,whereinRsbisunsubstituted.  

41. ThecompoundofanyoneofClaims36-39,whereinRsbissubstitutedwith 

oneormorehalogens.  

42. ThecompoundofanyoneofClaims1-41, whereinR9 isasubstitutedaryL 

43. ThecompoundofClaim42,whereinR 9 isasubstitutedphenyl.  

44. ThecompoundofClaim43,whereinR 9 isasubstitutedphenylwhereinthe 

phenylissubstitutedwithoneormoresubstituentsindependentlyselectedfromthegroup 

consistingof-C(0)NHCH3,halogenanunsubstituted5-or6-memberedmonocyclic 

heteroaryla5-or6-memberedmonocyclicheteroarylsubstitutedwithamoietyselected 

fromthegroupconsistingofanunsubstitutedCiAalkylandaCv4haloalkylanunsubstituted 

5-or6-ruemberedmonocyclicheterocyclyla5-or6-ruemberedmonocyclicheterocyclyl 

substitutedwithamoietyselectedfromthegroupconsistingofanunsubstitutedCiAalkyl 

andaC1-4haloalkyL 

45. ThecompoundofClaim43,whereinR 9 isasubstitutedphenylsubstituted 

with-C(0)NHCH3.  

46. ThecompoundofClaim44,whereinR9. substitutedwith5-or6-membered 

monocyclicheteroarylselectedfromthegroupconsistingofpyrazoleimidazole,1,2,3

triazole,1,2,4-triazoleandtetrazole.  

47. ThecompoundofClaim44or46,whereinthe5-or6-memberedmonocyclic 

heteroarylissubstitutedwithamoietyselectedfrommethylandCF 3 .  

monocyclicheterocyclylselectedfromthegroupconsistingof1,2,4-oxadiazol-5-oneand 

2,4-dihydro-3H-1,2,4-triazol-3-one.  

49. ThecompoundofanyoneofClaims1-41,whereinR 9 isanoptionally 

substitutedheteroaryL 

50. ThecompoundofClaim49,whereinR 9 isanoptionallysubstituted 

monocyclicheteroaryL 

51. ThecompoundofClaim50,whereinR9. selectedfromthegroupconsisting 

ofanunsubstitutedorasubstitutedpyrazoleanunsubstitutedorasubstitutedpyrazinean 

unsubstitutedorasubstitutedpyrimidineanunsubstitutedorasubstitutedpyridazineandan 

unsubstitutedorasubstitutedpyridine.  
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52. ThecompoundofClaim49,whereinR 9 isanoptionallysubstitutedbicyclic 

heteroaryl.  

53. ThecompoundofClaim52,whereinR9. selectedfromthegroupconsisting 

of an unsubstituted or a substituted indazole, an unsubstituted or a substituted 

benzo[d]isothiazoleanunsubstitutedorasubstitutedbenzo[c]isoxazoleanunsubstitutedor 

asubstitutedbenzo[d]isoxazole anunsubstitutedorasubstituted II1,2,4]triazolo[4,3
a]pyridine anunsubstitutedorasubstitutedbenzimidazoleandanunsubstitutedora 

substitutedbenzotriazole.  

54. ThecompoundofanyoneofClaims1-41,whereinR 9 isanoptionally 

substitutedheterocyclyl.  

55. ThecompoundofClaim54,whereinR 9 isanoptionallysubstituted 

monocyclicheterocyclyl.  

56. ThecompoundofClaim54,whereinR 9 isanoptionallysubstitutedbicyclic 

heterocyclyl.  

57. ThecompoundofClaim56,whereinR 9 isanunsubstitutedorasubstituted 

isoindolin-1-one.  

58. ThecompoundofanyoneofClaims49-57,whereinR9. unsubstituted.  

59. ThecompoundofanyoneofClaims49-57,whereinR9. substitutedwithone 

ormoresubstituentsindependentlyselectedfromthegroupconsistingof-C(0 HCH3 ,

NHCH3,-NHCH2CH3,-N(CH3)2,-N(CH2CH3)2,methylethyland-CF 3 .  

61. ThecompoundofanyoneofClaims1-59, whereinXisCH.  

62. ThecompoundofanyoneofClaims1-59,whereinXisC(CHQ.  
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63. ThecompoundofClaim1,whereinthecompoundisselectedfromthegroup 

consistingof: 

N 
H H 

CI CI 

0 0 

H H 

0 NH 

H 

NH 

N 

CI CI 

0 
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/N 

0 N N 
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0 0 

0 NA 

CI 
CI 1~~ 

'I N 
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NHMe 
NHMe 

0 N 
0 N 
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NHMe NHMe 
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0 0 N 
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NHMe 
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CI 

0 N 
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HN 
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N 
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HN 
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H N 
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HN I 
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N 

HN 
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N N 
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0 N 
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0 0 
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0 

-p 

0 N 
H N 

/ Fl 
0 

HN 
I H 0 

/ 

N N 
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CI 
'I 'I 
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0 

H 
H 

F 

CI 
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H H 
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CI 
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N 0 
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CI 

F 

N HN~ 
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HN~ / 
0 0 
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0 N N 
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N 
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0 NA 
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I 

0 
-9 N 
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NH 
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N H 
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N~N 0 

N 

0 
0 N 
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N 

N 

0 N 0 N 

0 0 0 0 

N~0 NH2  N NH2 
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N 0 0 
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Ni 
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NA 
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N NH 
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0 NAI N 
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0 0 N 
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pharmaceuticallyacceptablesaltofanyoftheforegoing.  

consistingof: 

H 

CI CI 

0 0 

0 0 

343 

64. ThecompoundofClaim1, whereinthecompoundisselectedfromthegroup



WO2022/115384 PCT/IiS2021/060366 

0 0 

0 0 

0 0 

N 

N N 

344 

o N o N



WO2022/115384 PCT/IiS2021/060366 

HNa~~ HN 

/ I 

N N 
H H 

N 

o N o N 

N N 
'S 'S 

N 

N 

o N a N 
H H 

N N 

CI CI 

345 

N N



WO2022/115384 PCT/IiS2021/060366 

N 

0 

1~ 

N N 

N 
o N o N 

N 

0 N a N 

N a N 
H H 

CI 

o a 

346 

H H



WO2022/115384 PCT/IiS2021/060366 

0 0 

0 0 

CI CI 

HN HN 

N N 
H H 

HN~ HN 

0 0 

N N 
H H 

CI CI 

N 

NH NH 
0 N 0 N 

N N 
H H 

N 

o N N 

347 

N



WO2022/115384 PCT/IiS2021/060366 

HN HN 

N N 
H H 

N N 
Br 

N 
H H 

N N 
/ 

N N 
H H 

N N 

N N 
H H 

CI CI 

N N 
H H 

N N 
H H 

CI 

348 

N



WO2022/115384 PCT/IiS2021/060366 

N N 

o N N 

N 

N N 

CI CI 

0 N 0 
H H 

IN 

N o N 
H H 

/ / 
N N 

'I 

N N 

349 

F



WO2022/115384 PCT/IiS2021/060366 

0 0 

0 0 
H H 

0 0 F 
H H 

N N 
-p 

N N 
H H 

N N 
-p 

N N 

I 

0 0 

350 

H H



WO2022/115384 PCT/IiS2021/060366 

N 
I 

0 N a 

N N 
-p o N o N 

H H 

N 

NH NH 
N N 

'I 

I H I Fl 
0 N 0 N 

II N 

351 

o a



WO2022/115384 PCT/IiS2021/060366 

HNa~~ HN 

/ I 

N N 
H H 

0 0 

0 0 
H H 

N 

CI CI 

0 0 

0 0 
H H 

0 

0 0 

0 0 
H H 

0 0 
H H 

352 

N



WO2022/115384 PCT/IiS2021/060366 

N 

N 

0 0 

½ ½ 
0 N N 

N 

0 0 

HN~" HN~ 

0 

H 

0 

353 

N



WO2022/115384 PCT/IiS2021/060366 

0 0 

N 

N N 

NN N 

N~N 

N N 
H H 

K K 

N N 

CI CI 

KN~N KN~N 

0 N 0 

N 

354 

N



WO2022/115384 PCT/IiS2021/060366 

0 0 

NA 
H H 

N 

0 0 

N 

0 0 

a-N 

0 N N 
H H 

N N 
H H 

N 

0 0 

NA NA 
H H 

N 

355 

CI CI



WO2022/115384 PCT/IiS2021/060366 

0 0 

0 0 
H H 

N 

CI CI 

HN~ HN~ 

0 

N H 

0 0 

HN~ HN~ 

N H 

CI CI 

NH NH 
a N a N 

-N 

N N 
H H 

356 

N



WO2022/115384 PCT/IiS2021/060366 

N 

HN~ HN~ 

0 

N H 

0 0 

N N 
N N 

/ / 
N N 
H H 

N 

N N 
N N 

/ / 
N N 
H H 

N N 
N N 

/ / 
0 N N 

H H 

N 

CI CI 

357 

N



WO2022/115384 PCT/IiS2021/060366 

-r NN 

N 0 N 
H H 

0 

N N 
H H 

N 

CI CI 

N 

K K 

a N a N 

N 

0 0 N 
H H 

N N 

F F 

358 

CI CI



WO2022/115384 PCT/IiS2021/060366 

F F 

N N 
/ / 

N N 
H H 

N 

F F 

/ / 
N N 

tEp~t N N 

0 

F H H F 

I' 

359 

H H



WO2022/115384 PCT/IiS2021/060366 

N N 
N N 

/ / o N N 
H H 

N 

N N 
N N 

/ / 
0 N N 

H H 

N 

0 0 

/ I 

/4~,, 

N 

0 0 
H H 

I' 
N 0 

0 

360 

N



WO2022/115384 PCT/IiS2021/060366 

N N 
N N 

/ / 
N N 
H H 

N 

NH NH 

N 

F 

0 N N 

N 0 

I H I H 
N 

N 
II 

0 

HN~ HN~ 

361 

N N



WO2022/115384 PCT/IiS2021/060366 

HN~" HN~ 

0 0 N 

N 

N N 

/ / 
0 N 

N> I> 
N 

F3G N 

NH 
N 

0 0 

NH 
HN~" 

N H 

HN~ N 

0 FsC~~ 

*1 ~Jfjp, N~.N 

0 

362 

0



WO2022/115384 
PCT/IiS2021/060366 

F30 

N 0 
N 

1~,~, 

0 N 0 N 

NSO 
0 

0 

1~ 

0 N 
0 N 

0 
N 

/14a 
N 

0 N 
0 N 

1 0 0 

N 
N NH2 

'I 

S 

I 
N 

0 N 0 

0 0 0 0 

NH2  
N NH2 

II ~1~ 
II 

0 N 0 

0 0 
-a

IIN0~<*#NH2  a 

0 N 
0 N 

363 

p



WO2022/115384 PCT/IiS2021/060366 

N 
I 

NW NW 
N N 

U 

0 N 0 N 

N-a 
I.  
NW 

N 
U 

0 N 0 N 

0 

N~0H 

"if' 

0 N 0 

N N 
"N 'I'N 
4' a.  

'ti~~~ 

0 N 0 N 

0 0 0 0 
'I' ~0 'I' 

.4' N 0 
/ I / 

0 N 0 

0 0 

NA NA 
H H 

I 

0 N 0 N 

a 

N N 
N 

/4, 'I 

0 N 0 N 

364 

a



WO2022/115384 PCT/IiS2021/060366 

0 0 0 0 

N~0 NH2  N 0 NH2 

,jpJF, II II 

0 N 0 

0 0 0 0 
'I' ~0 'I' 

N~oF~~ N OH 

'It,,a II OH II 

0 N 0 

OH OH 

N 
It 

~ N N 

0 N 0 N 

0 0 

NA NA 
/4 H H 

I 

0 N 0 N 

0 0 0 0 
'9' 0H " OH 

N~0 Nt~N P 
1 OH I OH 

0 N 0 

0 0 

HN% HNA 
N 

N N 

S 

0 N 0 N 

I 
N N 
I> I> 

N N 

0 N 0 N 

365 

I



WO2022/115384 PCT/IiS2021/060366 

I / 
N N 
I> I> 

U N N 

0 N 0 N 

0 0 

0 N~N N~'~ 0 A N-9
"111 H N< H 

0 N 0 N 

0 0 

hIgh H H 

0 N 0 N 

N N N 
I 

-N 

0 0 

'it, 

0 N 0 N 

N-N N-N 

N N 
1~ 

0 N 0 N 

A A 
NH NH 

p 

0 0 

I I 
0 N~ N 0 N"" N 

114 I> I> 

N N 

0 N 0 

366 

D



WO2022/115384 PCT/IiS2021/060366 

0 

H H 
a 

0 N 0 N 

0 0 

H H 
a 

0 N 0 N 
D D 

0 0 

NA NA 
H H 

'jr/i, 
I 

0 N 0 
F and F 

, or a 

pharmaceuticallyacceptablesaltofanyoftheforegoing.  

65. Apharmaceuticalcompositioncomprisinganeffectiveamountofacompound 

ofanyoneofClaims1-64,orapharmaceuticallyacceptablesaltthereofandexcipient.  

66. UseofthecompoundofanyoneofClaims1-64,orapharmaceutically 

acceptablesaltthereofinthepreparationofamedicamentforthetreatmentofhepatitisB.  

67. UseofthecompoundofanyoneofClaims1-64,orapharmaceutically 

68. TheuseofanyoneofClaims66-67,whereintheusefurthercomprisestheuse 

ofanadditionalagentselectedfromthegroupconsistingofaninterferonanucleoside 

analoganucleotideanalogasequencespecificoligonucleotideanucleicacidpolymeran 

entryinhibitorandasmallmoleculeimmunomodulator.  

69. TheuseofClaim68,whereintheadditionalagentselectedfromthegroup 

consisting ofrecombinant interferon alpha 2b IFN-a, PEG-IFN-u-2a, lamivudine 

telbivudine adefovirdipivoxil clevudineentecavirtenofoviralafenamideand.tenofovir 

disoproxil.  

70. AcompoundofanyoneofClaims1-64orapharmaceuticallyacceptablesalt 

thereofforuseinthetreatmentofhepatitisB.  
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71. AcompoundofanyoneofClaims1-64orapharmaceuticallyacceptablesalt 

thereofforuseinthetreatmentofhepatitisD.  

72. ThecompoundofanyoneofClaims70-71, whereinthecompoundcanbe 

usedincombinationwithanadditionalagentselectedfromthegroupconsistingofan 

interferonanucleosideanaloganucleotideanalogasequencespecificoligonucleotidea 

nucleicacidpolymeranentryinhibitorandasmallmoleculeimmunomodulator.  

73. ThecompoundofClaim72,whereintheadditionalagentselectedfromthe 

groupconsistingofrecombinantinterferonalpha2bIFN-aPEG-IFN-a-2alamivudine 

telbivudine adefovirdipivoxil clevudineentecavirtenofovir q and.tenofovir 

disoproxil.  

74. AmethodfortreatinghepatitisBinasubjectcomprisingadministeringtothe 

subjectinneedthereofaneffectiveamountofacompoundofanyoneofClaims1-64,ora 

pharmaceuticallyacceptablesaltthereofsufferingfromhepatitisB.  

75. AmethodfortreatinghepatitisDinasubjectcomprisingadministeringtothe 

subjectinneedthereofaneffectiveamountofacompoundofanyoneofClaims1-64,ora 

pharmaceuticallyacceptablesaltthereofsufferingfromhepatitisD.  

76. ThemethodofanyoneofClaims74-75,furthercomprisingadministeringan 

additionalagentselectedfromthegroupconsistingofaninterferonanucleosideanaloga 

nucleotideanalogasequencespecificoligonucleotideanucleicacidpolymeranentry 

inhibitorandasmallmoleculeimmunomodulator.  

consisting ofrecombinant interferon alpha 2b IFN-c, PEG-IFN-u-2a, lamivudine 

telbivudine adefovirdipivoxilclevudineentecavirtenofoviralafenanildeandtenofovir 

disoproxil.  
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77. ThemethodofClaim76,whereintheadditionalagentselectedfromthegroup



                                SEQUENCE LISTING

<110> Aligos Therapeutics, Inc.
      Sandrine Vendeville
      Yannick Debing
      Pierre Jean‐Marie Bernard Raboisson

<120> TRICYCLIC COMPOUNDS
  

<130> ALIG.062WO

<150> 63/261713           
<151> 2021‐09‐27  

<150> 63/117935           
<151> 2020‐11‐24  

<160> 3

<170> FastSEQ for Windows Version 4.0

<210> 1
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> HBV forward primer

<400> 1
gtgtctgcgg cgttttatca                                             20

<210> 2
<211> 21
<212> DNA
<213> Artificial Sequence

<220> 
<223> HBV reverse primer

<400> 2
gacaaacggg caacatacct t                                           21

<210> 3
<211> 28
<212> DNA
<213> Artificial Sequence



<220> 
<223> HBV probe

<220> 
<221> modified_base  
<222> 1
<223> N=FAM‐C

<220> 
<221> modified_base  
<222> 9
<223> N=T‐ZEN

<220> 
<221> modified_base  
<222> 28
<223> N=C‐3IABkFQ

<400> 3
nctctkcanc ctgctgctat gcctcatn                                    28
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