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BICYCLICCOMPOUNDSANDUSESTHEREOFFORTHETREATMENTOF 

DISEASES 

CROSS-REFERENCETORELATEDAPPLICATIONS 

S 

[0001] ThisapplicationclaimsprioritytoU.S.ProvisionalApplicationNo.63/108,660,filed 

onNovember2,2020,thedisclosureofwhichisherebyincorporatedbyreferenceinitsentirety.  

FIELD 

[0002] Thepresentdisclosurerelatesgenerallytocompoundscompositionsandmethods 

fortheirpreparationandusefortreatingdiseasessuchasneurodegenerativediseases.  

BACKGROUND 

[0003] Hepatocytegrowthfactor(HGF)isapleiotropicproteinfactorinvolvedinnumerous 

biologicalprocessesincludingembryonicandorgandevelopmentregenerationand 

inflammation.HGFisacriticalcontributortocortical, motorsensorysympatheticand 

parasympatheticneuronaldevelopmentandmaturation.HGFistranslatedandsecretedas 

inactivepro-HGFbutfollowingcleavagetheresultantaandn-subunitsarejoinedbya 

disulfidelinkagetoformtheactiveheterodimer.ExpressionofHGFpredominantlyoccursin 

mesenchymalcellssuchasfibroblastschondroblastsadipocytesandtheendothelium.  

Expressionhasalsobeendemonstratedinthecentralnervoussystem(CNS)includingneurons 

astrocytesandependymalcells(NakamuraandMizuno2010).AllbiologicalactivitiesofHGF 

knownreceptorforHGF.METhasknowninvolvementinavarietyofbiologicalprocesses 

withdemonstratedrolesindevelopment, regenerationandresponsetoinjury.Uponbindingof 

HGFtotheextracellulardomainofMEThomo-dimerizationoftheMETproteinleadstoauto

phosphorylationoftheintracellulardomain.PhosphorylationofMETintracellulardomains 

leadstorecruitmentandphosphorylationofavarietyofeffectorproteinsincludingGab1, 

2012 
GRB2,PhospholipaseCandStat3(Gherardietal., , OrganandTsao,2011).These 
effectorproteinstheninteractwithdownstreamsignalingpathwaysincludingPJ3KIAkt 

Ras/Raf/MAPKRAC1/CDC42,RAP/FAKamongotherstoinfluenceanarrayofcellular 

componentsincludinggeneregulationcytoskeletalrearrangementscellcycleprogressioncell 

adhesionsurvivalandproliferation(OrganandTsao2011).  

[0004] BecauseHGFhasademonstratedroleindevelopment(Nakamuraetal.,2011), 

homeostasis(FunakoshiandNakamura2003),suppressionofcelldeathandregeneration 

1 

aremediatedthroughMETatransmembranereceptortyrosinekinasethatservesasthesole



WO2022/094400 PCT/IJS20211057563 

(MatsumotoetaL,2014),stimulationoftheHGF/METsignalingsystemisanidealtargetfor 

therapeuticsforarangeofdiseasestates.TherapeuticsinvolvingHGFactivitymodulationhave 

beenproposedfordiseaseandinjuryinmanydiversetissuetypesincludingliverkidney, 

gastrointestinaltractcardiovascularcomponentslungskinnervoussystemandmusculature 

(Matsumotoetal.,2014).Howeverhighlyefficaciouscompoundsusefulforthemodulationof 

HGF/METsignalingactivityareyettobeexploredanddiscovered.  

[0005] Althoughprogresshasbeenmadeinthisfieldthereremainsaneedforimproved 

compoundsandmethodsfortreatmentofHGF-modulateddiseases.Accordinglyinoneaspect, 

providedhereinarecompoundswhichmodulateHGFforuseintreatingneurodegenerative 

diseases.  

SUMMARY 

[0006] Describedhereinincertainembodimentsarecompoundsandcompositionsthereof 

formodulatinghepatocytegrowthfactor(HGF)fortreatmentofdiseases.Nonlimiting 

exemplaryembodimentsinclude: 

[0007] Embodiment1. AcompoundofFormula(I): 

NL 
I 

N 
-

(R%~ N 

(I) 

orapharmaceuticallyacceptablesaltthereofwherein: 
L isadirectbond, 0)-,~(CRaRb)m~C(-0)-- 0) - or~(CRaRb)m~, 

, C( ~(CRaRb)m, 

eachR~andRbisindependentlyHCi-C6alkylC2-C6alkenylorC2-C6alkynyb 

R1 ~ andRib areindependentlyHCi-C6alkylC2-C6alkenylCz-C6alkynylCi-C6alkoxy, 

haloorC6-Cioarylalkyl; 

R2  isHoxoorthioxo, 

R3  isC2-C6alkylC3-C6alkenylC3-C6alkynylC3-C12cycloalkylC3-C6cycloalkylalkyl, 

c6-c1oarylalkyl,5-tolO-memberedheteroarylalkylor5-tolO-membered 
heterocyclylalkyl, 

2 
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whereinthe5-tolO-memberedheteroarylalkylor5-tolO-memberedheterocyclylalkyl 

contains1-3heteroatomsselectedfromnitrogenandoxygew 

R4 isC6 -C1 0 aryl,5-tolO-memberedheteroarylor5-tolO-memberedheterocyclyl, 

whereinthe5-tolO-memberedheteroarylor5-tolO-memberedheterocyclylcontains1

3heteroatornsselectedfromnitrogenandoxygew 

eachR5 isindependentlyCi-C6alkyloxoorbMw 

R6 isHCi-C6alkyloroxo 

R' isHoroxw 

m islor2and 

II isanintegerfrom0to3~ 

whereineachCi-C6alkylC2-C6alkenylC2-C6alkynylC3-C12cycloalkyl, 

c3-c12cycloalkylalkylC6-CioarylQs-Cioarylalkyl,5-tolO-memberedheteroaryl,5-to10

rnernberedheteroarylalkyl,5-tolO-memberedheterocyclyland5-to1O-rnernbered 

heterocyclylalkylisoptionallysubstitutedwithonetofivesubstituentsselectedfromhydroxyl, 

haloaminoCi-C6haloalkylCi-C6alkoxyCi-C6haloalkoxycyano- (C0)NRanitro 

-S02(Ci-C6alkyl),and-CO2H.  

[0008] Embodiment2.Thecompoundofembodiment1,orapharmaceuticallyacceptable 

saltthereofwhereinLis-C(0)- or~(CRaRb)ma 

acceptablesaltthereofwhereinLisa-C(-0)a 

[0010] Embodiment4.Thecompoundofembodiment1or2,orapharmaceutically 

acceptablesaltthereofwhereinLis~(CRaRb)ma 

[0011] Embodiment5.Thecompoundofembodiment4,orapharmaceuticallyacceptable 

saltthereofwhereinRaandRbareeachHandmis1 

[0012] Embodiment6.Thecompoundofanyoneofembodiments1-5,ora 

pharmaceuticallyacceptablesaltthereofwhereinRl~andRibareeachindependentlyH~Ci-C6 

alkyloptionallysubstitutedwith1-3substituentsselectedfromhalo,-CO2Hand-C(0 H2; 

cl-c6 alkoxy~halworC6-Cioarylalkyloptionallysubstitutedby1-3substituentsselectedfrom 

haloandamino.  

3 

[0009] Embodiment3. Thecompoundofembodiment1or2,orapharmaceutically
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[0013] Embodiment7.Thecompoundofembodiment6,orapharmaceuticallyacceptable 

saltthereofwhereinRl~andRibareeachindependentlyHmethylfluoro2

methylbutyl,-CRYmethoxy,-CH2CO2H,-CH2C(0 H2,benzylor4-aminobenzyL 

[0014] Embodiment8.Thecompoundofembodiment6,orapharmaceuticallyacceptable 

saltthereofwhereinRl~andRibareeachindependentlyHorCi-C3alkyl.  

[0015] Embodiment9.Thecompoundofembodiment8,orapharmaceuticallyacceptable 

saltthereofwhereinRla' methylandRibisH.  

[0016] Embodiment10.Thecompoundofembodiment8orapharmaceuticallyacceptable 

saltthereofwhereinRi~andRibareeachH.  

[0017] Embodiment11. Thecompoundofanyoneofembodiments1- 10,ora 

pharmaceuticallyacceptablesaltthereofwhereinR2' H.  

[0018] Embodiment12.Thecompoundofanyoneofembodiments1-10,ora 

pharmaceuticallyacceptablesaltthereofwhereinR2' thioxo.  

[0019] Embodiment13.Thecompoundofanyoneofembodiments1-10,ora 

pharmaceuticallyacceptablesaltthereofwhereinR2' oxo.  

[0020] Embodiment14. Thecompoundofanyoneofembodiments1- 13, ora 

pharmaceuticallyacceptablesaltthereofwhereinR3' alkylC3-C6alkenylC3-C6 

alkynylC3-CuzcycloalkylC3-C6cycloalkylalkylC6-Cioarylalkyl,5-tolO-membered 

heteroarylalkylor5-tolO-memberedheterocyclylalkylwhereinthealkylalkenylalkynyl, 

substitutedwithonetofivesubstituentsselectedfromhydroxylhaloaminoCi-C6haloalkyl, 

Ci-C6alkoxyCi-C6haloalkoxycyano,-(C0)NH2,nitro,-S02(Ci-C6alkyl),and-CO2H.  

[0021] Embodiment15.Thecompoundofanyoneofembodiments1-13,ora 

pharmaceuticallyacceptablesaltthereofwhereinR3' C2-C6alkyloptionallysubstitutedby1-3 

substituentsselectedfromhaloCi-C3alkoxyhydroxy,-NH2,-S02(Ci-C3alkyl),and 

0 H2;C2-C6alkenyl;C3-C6cycloalkylalkyl;5-to6-memberedheteroarylalkyl;5-to6

memberedheterocyclylalkyl~orC6arylalkyl.  

[0022] Embodiment16.Thecompoundofembodiment15,orapharmaceuticallyacceptable 

saltthereofwhereinR3' C2alkylsubstitutedby1-3substituentsselectedfromCi-C3alkoxy, 

hydroxy,-NH2,and-S02(Ci-C3alkyl).  

4 

cycloalkylcycloalkylalkylarylalkylheteroarylalkylorheterocyclylalkylisoptionally
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[0023] Embodiment17.Thecompoundofanyoneofembodiments14-16ora 

pharmaceuticallyacceptablesaltthereofwhereinR3.  

F 

NH2  I 

I I 

x 

N N 0 rrN½~tOH 

0 
F 

F 
U 

[0024] Embodiment18.Thecompoundofembodiment17,orapharmaceuticallyacceptable 

N 
7 

or 
a 

[0025] Embodiment19.Thecompoundofanyoneofembodiments1-18,ora 

pharmaceuticallyacceptablesaltthereofwhereinR4. C6 -Cioaryloptionallysubstitutedwith1

3substituentsselectedfromhalohydroxylCi-C6haloalkylandCi-C6haloalkoxy.  

5 

saltthereofwhereinR3.
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[0026] Embodiment20.Thecompoundofembodiment19,orapharmaceuticallyacceptable 

saltthereofwhereinR4. phenylsubstitutedwith1-3substituentsselectedfrom-CF3,-OCHF2, 

-OHfluoroandchloro.  

[0027] Embodiment21. Thecompoundofembodiment20,orapharmaceuticallyacceptable 

saltthereofwhereinR4. 9 

F F 

CF3  0 HO CI CF3 

[0028] Embodiment22.Thecompoundofembodiment21,orapharmaceuticallyacceptable 
4.  saltthereofwhereinR 9 

F F Y 
OF3  0 HO CF3 

or 
U 

[0029] Embodiment23.Thecompoundofanyoneofembodiments1-18,ora 

pharmaceuticallyacceptablesaltthereofwhereinR4. 5-tolO-memberedheteroaryloptionally 

substitutedwith1-3substituentsselectedfromhalohydroxylCi-C6haloalkylandCi-C6 

haloalkoxy.  

[0030] Embodiment24.Thecompoundofembodiment23,orapharmaceuticallyacceptable 

fromhalohydroxylCi-C6haloalkylandCi-C6haloalkoxy.  

[0031] Embodiment25.Thecompoundofembodiment24,orapharmaceuticallyacceptable 

saltthereofwherein 

HN 
HO NN A 

or 
4. Kszrf 

[0032] Embodiment26.Thecompoundofembodiment25,orapharmaceuticallyacceptable 

saltthereofwherein 

HO N IN 
4.ixiS U 

6 

saltthereofwhereinR4. pyridylorindolyloptionallysubstitutedwith1-3substituentsselected
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[0033] Embodiment27.Thecompoundofanyoneofembodiments1-18,ora 

pharmaceuticallyacceptablesaltthereofwhereinR4. 5-tolO-memberedheterocyclyl 

optionallysubstitutedwith1-3substituentsselectedfromhalohydroxylCi-C6haloalkyland 

cl-c6haloalkoxy.  

[0034] Embodiment28.Thecompoundofembodiment27,orapharmaceuticallyacceptable 

saltthereofwhereinR4. indolinyl.  

[0035] Embodiment29.Thecompoundofembodiment28,orapharmaceuticallyacceptable 

H 
N 

I 
saltthereofwhereinR4. U 

[0036] Embodiment30.Thecompoundofanyoneofembodiments1-26,ora 
S 

pharmaceuticallyacceptablesaltthereofwherein-L-R 4 is: 

F F 
F3G 0 HO F30 HO N 

N 

IAr~ 0 
Jtnr, Jwu 

I I I I II I 7 

F F 
F30 0 F30 HO N 

N 

It
Jwu I I ,or I 

I 
U 

pharmaceuticallyacceptablesaltthereofwhereinnis0.  

[0038] Embodiment32.Thecompoundofanyoneofembodiments1-30,ora 

pharmaceuticallyacceptablesaltthereofwhereinnis1.  

[0039] Embodiment33.Thecompoundofembodiment32,orapharmaceuticallyacceptable 

saltthereofwhereinR5. oxoorhalo.  

[0040] Embodiment34.Thecompoundofembodiment33,orapharmaceuticallyacceptable 

saltthereofwhereinR5. oxoorfluoro.  

[0041] Embodiment35.Thecompoundofanyoneofembodiments1-34,ora 

pharmaceuticallyacceptablesaltthereofwhereinR6' H.  

7 

[0037] Embodiment31. Thecompoundofanyoneofembodiments1-30,ora
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[0042] Embodiment36.Thecompoundofanyoneofembodiments1-35,ora 

pharmaceuticallyacceptablesaltthereofwhereinRr7. oxo.  

[0043] Embodiment37.Thecompoundofanyoneofembodiments1-10,13-31,35and36, 

orapharmaceuticallyacceptablesaltthereofwhereinthecompoundisofFormula(V): 

N 

(V) U 

[0044] Embodiment38.Thecompoundofembodiment37,orapharmaceuticallyacceptable 

saltthereofwherein: 

L is-C(0)- or-CH2g 

R1 ~ andRibareindependentlyHorCi-C3alkyloptionallysubstitutedwith-C02H~ 

R3 isC4-C5alkylC4-C5alkenylorCi-C3alkylsubstitutedwithC3-C5cycloalkyband 

R4 isphenylorpyridylsubstitutedwith1-3substituentsselectedfrom-CF3,-OCHF2,-OH 

fluoroandchloro.  

[0045] Embodiment39.AcompoundselectedfromthecompoundsofTablelAand 

[0046] Embodiment40.Apharmaceuticalcompositioncomprisingthecompoundofany 

oneofembodiments1-39orapharmaceuticallyacceptablesaltthereofandapharmaceutically 

acceptablecarrier.  

[0047] Embodiment41. Amethodformodulatinghepatocytegrowthfactorinasubjectin 

needthereofthemethodcomprisingadministeringtothesubjectaneffectiveamountofthe 

compoundofanyoneofembodiments1-39,orapharmaceuticallyacceptablesaltthereoforthe 

pharmaceuticalcompositionofembodiment40.  

[0048] Embodiment42.Themethodofembodiment41,whereinthemodulatingcomprises 

treatingadiseaseconditionorinjury.  

8 

pharmaceuticallyacceptablesaltsthereof
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[0049] Embodiment43. Themethodofembodiment42,whereinthediseaseconditionor 

injuryisaneurodegenerativediseaseaspinalcordinjuryatraumaticbraininjuryora 

sensonneural S 

heanngloss.  
[0050] Embodiment44.Themethodofembodiment42or43,whereinthedisease, 

conditionorinjuryisaneurodegenerativedisease.  

[0051] Embodiment45.Themethodofembodiment44,whereintheneurodegenerative 

diseaseisAlzheimersdiseaseParkinsonsdiseaseHuntington1*sdiseaseoramyotrophiclateral 

sclerosis(ALS).  

[0052] Embodiment46.Themethodofembodiment45,whereintheneurodegenerative 

diseaseisAlzheimersdiseaseorParkinsonsdisease.  

[0053] Embodiment47.Amethodfortreatingorslowingprogressionofdementiaina 

subjectinneedthereofthemethodcomprisingadministeringtothesubjectaneffectiveamount 

ofthecompoundofanyoneofembodiments1-39,orapharmaceuticallyacceptablesaltthereof, 

orthepharmaceuticalcompositionofembodiment40.  

[0054] Embodiment48.Themethodofembodiment47,whereinthedementiaisassociated 

withAlzheimersdiseaseorParkinsonsdisease.  

[0055] Embodiment49.Amethodforpreventingcognitivedysfunctioninasubjectinneed 

thereofthemethodcomprisingadministeringtothesubjectaneffectiveamountofthe 

compoundofanyoneofembodiments1-39,orapharmaceuticallyacceptablesaltthereoforthe 

[0056] Embodiment50.Amethodfortreatingrepairingorpreventingadiseasecondition 

orinjuryrelatedtonervetissueinasubjectinneedthereofthemethodcomprising 

administeringtothesubjectaneffectiveamountofthecompoundofanyoneofembodiments1

39,orapharmaceuticallyacceptablesaltthereoforthepharmaceuticalcompositionof 

embodiment40.  

[0057] Embodiment51. Amethodoftreatingorpreventingadiseaseordisorderofthe 

centralnervoussystemadiseaseordisorderoftheperipheralnervoussystemneuropathicpain 
S 

anxietyordepressioninasubjectinneedthereofthemethodcomprisingadministenngtothe 

subjectaneffectiveamountofthecompoundofanyoneofembodiments1-39ora 

pharmaceuticallyacceptablesaltthereoforthepharmaceuticalcompositionofembodiment40.  

9 

pharmaceuticalcompositionofembodiment40.
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DETAILEDDESCRIPTION 

Definitions 

[0058] Unlessdefinedotherwisealltechnicalandscientifictermsusedhereinhavethesame 

meaningasiscommonlyunderstoodbyoneofskillinthearttowhichthisdisclosurebelongs.  

Inthefollowingdescriptioncertainspecificdetailsaresetforthinordertoprovideathorough 
S 

understandingofvanousembodimentsofthedisclosure.Itistobeunderstoodthatthe 

foregoinggeneraldescriptionandthefollowingdetaileddescriptionareexemplaryand 

explanatoryonlyandarenotrestrictiveofanysubjectmatterclaimed.Totheextentanymaterial 

incorporatedhereinbyreferenceisinconsistentwiththeexpresscontentofthisdisclosurethe 

expresscontentcontrols.Inthisapplicationtheuseofthesingularincludesthepluralunless 

specificallystatedotherwise.Itmustbenotedthatasusedinthespecificationandtheappended 

claimsthesingularforms"a,,, "an and"the"includepluralreferentsunlessthecontextclearly 

dictatesotherwise.Inthisapplicationtheuseof"ormeansand/or"unlessstatedotherwise.  
"S 

Furthemcioreuseoftheterm''includingaswellasotherformssuchas~ , includes, 
and"included" isnotlimiting.  

[0059] Unlessthecontextrequiresotherwisethroughoutthepresentspecificationand 

claimstheword"comprise"andvariationsthereofsuchas comprisesand"comprising"are 

tobeconstruedinanopeninclusivesensethatisas"S butnotlimitedto".  

[0060] Inthepresentdescriptionanyconcentrationrangepercentagerangeratiorangeor 

integerrangeistobeunderstoodtoincludethevalueofanyintegerwithintherecitedrangeand, 

otherwiseindicated.Alsoanynumberrangerecitedhereinrelatingtoanyphysicalfeature 

suchaspolymersubunits, sizeorthicknessaretobeunderstoodtoincludeanyintegerwithin 

therecitedrangeunlessotherwiseindicated.Asusedhereintheterms"about"and 

±10%± 

approximately"mean±20%- -5%or±1%oftheindicatedrangevalueorstructure 
unlessotherwiseindicated.  

[0061] Referencethroughoutthisspecificationtooneembodiment"oranembodiment" 

meansthataparticularfeaturestructureorcharacteristicdescribedinconnectionwiththe 

embodimentisincludedinatleastoneembodimentofthepresentdisclosure.Thusthe 

appearancesofthephrasesinoneembodiment"or"S anembodiment"invariousplaces 
S 

throughoutthisspecificationarenotnecessarilyallrefemngtothesameembodiment.  

Furthermoretheparticularfeaturesstructuresorcharacteristicsmaybecombinedinany 

suitablemannerinoneormoreembodiments.  

10 

whenappropriatefractionsthereof(suchasonetenthandonehundredthofaninteger),unless
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[0062] "Amino"referstothe-NH2radical.  

,, 

[0063] "Carboxyorcarboxyl"referstothe-CO2Hradical.  

[0064] "Cyanoreferstothe-CNradical.  

[0065] "Hydroxyor"hydroxyl"referstothe-OHradical.  

[0066] "Nitro"referstothe-N02radical.  

[0067] "Oxoreferstothe 0substituent.  

[0068] "Thioxoreferstothe Ssubstituent.  

[0069] "Thiol"referstothe-SHsubstituent.  

[0070] "Alkyl"referstoanunbranchedorbranchedsaturatedhydrocarbonchainradical 

consistingsolelyofcarbonandhydrogenatomshavingfromonetotwelvecarbonatoms(Ci

C1 2 alkyl),preferablyonetoeightcarbonatoms(Ci-Cxalkyl),onetosixcarbonatoms(Ci-C6 

alkyl),oronetothreecarbonatoms(Ci-C3alkyl)andwhichisattachedtotherestofthe 

moleculebyasinglebonde.g., methylethyln-propyl,1-methylethyl(iso-propyl),n-butyl, 

n-pentyl,1,1-dimethylethyl(t-butyl),3-methylhexyl,2-methylhexylandthelike.Unlessstated 

otherwisespecificallyinthespecificationanalkylgroupisoptionallysubstituted.  

[0071] "Alkenyl"referstoanunbranchedorbranchedunsaturatedhydrocarbonchain 

radicalconsistingsolelyofcarbonandhydrogenatomswhichcontainsoneormorecarbon

carbondoublebondshavingfromtwototwelvecarbonatoms(C2-C12alkenyl),preferablytwo 

attachedtotherestofthemoleculebyasinglebond, e.g.,ethenylprop-1-enylbut-1-enyl, 

pent-1-enylpenta-1,4-dienylandthelike.Unlessstatedotherwisespecificallyinthe 

specificationanalkenylgroupisoptionallysubstituted.  

[0072] "Alkynyl"referstoanunbranchedorbranchedunsaturatedhydrocarbonchain 

radicalconsistingsolelyofcarbonandhydrogenatomswhichcontainsoneormorecarbon

carbontriplebondshavingfromtwototwelvecarbonatoms(C2-CiZalkynyl),preferablytwoto 

eightcarbonatoms(C2-CXalkynyl)ortwotosixcarbonatoms(C2-C6alkynyl),andwhichis 

attachedtotherestofthemoleculebyasinglebond, e.g.,ethynylpropynylbutynylpentynyl, 

hexynylandthelike.Unlessstatedotherwisespecificallyinthespecificationanalkynylgroup 

isoptionallysubstituted.  

S 

[0073] "Alkoxyreferstoaradicaloftheformula-ORawhereRaisanalkylradicalas 

definedabovecontainingonetotwelvecarbonatoms.Preferredalkoxygroupshaveonetosix 

11 

toeightcarbonatoms(C2-CSalkenyl)ortwotosixcarbonatoms(C2-C6alkenyl),andwhichis
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carbonatoms(i.e., i-C6alkoxy)oronetothreecarbonatoms(i.e., i-C3alkoxy)inthealkyl 

radical.Unlessstatedotherwisespecificallyinthespecificationanalkoxygroupisoptionally 

substituted.  

[0074] "Aromaticring"referstoacyclicplanarportionofamolecule(i.e.aradical)witha 

ringofresonancebondsthatexhibitsincreasedstabilityrelativetootherconnective 

arrangementswiththesamesetsofatoms.Generallyaromaticringscontainasetofcovalently 

boundco-planaratomsandcompriseanumberofin-electrons(forexamplealternatingdouble 

andsinglebonds)thatisevenbutnotamultipleof4(i.e., 4n+2in-electronswheren 0,12, 

3etc.).Aromaticringsincludebutarenotlimitedtophenylnaphthenylimidazolylpyrrolyl, 

pyridinyl, pyrimidinyl, pyrazinyl, pyridonyl, pyridazinyl, pyrimidonyl. Unlessstatedotherwise 

specificallyinthespecificationanaromaticringincludesallradicalsthatareoptionally 

substituted.  

[0075] "Aryl"referstoacarbocyclicringsystemradicalcomprising6to18carbonatoms 

andatleastonearomaticring(i.e., C6-Cixaryl),preferablyhaving6to10carbonatoms(i.e., 

C1 0 aryl).Forpurposesofembodimentsofthisdisclosurethearylradicalisamonocyclic 
S 

bicyclictricyclicortetracyclicnngsystemwhichmayincludefusedorbridgedringsystems.  

Arylradicalsincludebutarenotlimitedtoarylradicalsderivedfromaceanthrylene 

acenaphthyleneacephenanthryleneanthraceneazulenebenzene, chrysenefluoranthene 

fluoreneas-indaceneS s-indaceneS indaneindenenaphthalenephenalenephenanthrene 
S 

phenylpleiadenepyreneandtnphenylene.Unlessstatedotherwisespecificallyinthe 

[0076] "Arylalkyl"referstoaradicaloftheformula-Rb-RcwhereRbisanalkylenechain 

andR0 isoneormorearylradicalsasdefinedaboveforexamplebenzyldiphenylmethyland 

thelike.AnarylalkylgroupmaycontainaCi-CioalkylenechainconnectedtoaC6-Cioaryl 

radical(i.e., C6-Cioarylalkyl).Unlessstatedotherwisespecificallyinthespecificationan 

arylalkylgroupisoptionallysubstituted.  

[0077] "Cycloalkyl"referstoastablenon-aromaticmonocyclicorpolycycliccarbocyclic 

radicalconsistingsolelyofcarbonandhydrogenatomswhichmayincludefusedorbridged 

ringsystemshavingfromthreetofifteencarbonatoms(i.e., C3-Ciscycloalkyl),preferably 

havingfromthreetotencarbonatoms(i.e., iocycloalkyl)orthreetosixcarbonatoms(i.e., 

c3-c6cycloalkyl),andwhichissaturatedorunsaturatedandattachedtotherestofthemolecule 

byasinglebond.Monocyclicradicalsincludeforexamplecyclopropylcyclobutyl, 

cyclopentylcyclohexylcycloheptylandcyclooctyl.Cycloalkylalsoincludes"spiro 
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specificationanarylgroupisoptionallysubstituted.
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cycloalkyl"whentherearetwopositionsforsubstitutiononthesamecarbonatom.Polycyclic 

radicalsincludeforexampleadamantylnorbornyldecalinyl, 

7,7-dimethyl-bicyclo[2.2.1]heptanylandthelike.Unlessotherwisestatedspecificallyinthe 

specificationacycloalkylgroupisoptionallysubstituted.  

[0078] "Cycloalkylalkyl"referstoaradicaloftheformula-Rb-RcwhereRbisanalkylene 

chainandR~isoneormorecycloalkylradicalsasdefinedaboveforexamplecyclopropyl, 

cyclobutylcyclopentylcyclohexylcycloheptylandcyclooctylandthelike.Acycloalkylalkyl 

groupmaycontainaCi-CioalkylenechainconnectedtoaC3-C12cycloalkylradical(i.e., C3-C12 

cycloalkylalkyl)ora i ioalkylenechainconnectedtoaC3-C6cycloalkylradical(i.e., 

cycloalkylalkyl).Unlessstatedotherwisespecificallyinthespecificationacycloalkylalkyl 

groupisoptionallysubstituted.  

[0079] "Fused"referstoanyringstructuredescribedhereinwhichisfusedtoanexisting 

ringstructureinthecompoundsofthedisclosure.Whenthefusedringisaheterocyclylringor 

aheteroarylringanycarbonatomontheexistingringstructurewhichbecomespartofthefused 

heterocyclylringorthefusedheteroarylringisreplacedwithanitrogenatom.  

[0080] "Halo"or"halogen"referstobromochlorofluorooriodo.  

[0081] "Haloalkyl"referstoanalkylradicalasdefinedabovethatissubstitutedbyoneor 

morehaloradicalsasdefinedabovee.g., trifluoromethyldifluoromethyltrichloromethyl, 

2,2,2-trifluoroethyl,1,2-difluoroethyl,3-bromo-2-fluoropropyl,1,2-dibromoethylandthelike.  

Apreferredhaloalkylgroupincludesanalkylgrouphavingonetosixcarbonatomsandthatis 

sameorthehaloradicalsmaybedifferent.Unlessstatedotherwisespecificallyinthe 

specificationahaloalkylgroupisoptionallysubstituted.  

[0082] "Haloalkoxyreferstoaradicaloftheformula-ORawhereRaisahaloalkylradical 

asdefinedhereincontainingonetotwelvecarbonatoms.Apreferredhaloalkoxygroupincludes 

analkoxygrouphavingonetosixcarbonatoms(i.e., i-C6haloalkoxy)orhavingonetothree 

carbonatoms(Ci-C3haloalkoxy)andthatissubstitutedbyoneormorehaloradicals.Thehalo 

radicalsmayallbethesameorthehaloradicalsmayallbedifferent.Unlessstatedotherwise 

specificallyinthespecificationahaloalkoxygroupisoptionallysubstituted.  

[0083] "Heteroaryl"referstoanaromaticgroup(e.g.,a5-14memberedringsystem)having 

asingleringmultipleringsormultiplefusedringswithoneormoreringheteroatoms 

independentlyselectedfromnitrogen, oxygenandsulfur.Asusedhereinheteroarylincludes1 

to10ringcarbonatomsand1to4heteroatomsindependentlyselectedfromnitrogenoxygen 
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substitutedbyoneormorehaloradicals(I.e., i-C6haloalkyl). Thehaloradicalsmaybeallthe
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andsulfurwithinthering.Preferredheteroarylgroupshavea5-tolO-memberedringsystem 

containingonetofourheteroatomsselectedfromnitrogenoxygenandsulfur(i.e., a5-to10

memberedheteroaryl)anda5-to6-memberedringsystemcontainingonetofourheteroatoms 

selectedfromnitrogenoxygenandsulfur(i.e., a5-to6-memberedheteroaryl).Forpurposesof 

embodimentsofthisdisclosuretheheteroarylradicalmaybeamonocyclicbicyclictricyclicor 

tetracyclicringsystemwhichmayincludefusedorbridgedringsystems.Examplesof 

heteroarylgroupsincludepyrrolylpyrazolylpyridinylpyrazinylpyrimidinylpyridazinyl, 

quinazolinylquinoxalinylquinolinylquinuclidinylisoquinolinyltetrahydroquinolinyl, 

thiazolylthiadiazolyltriazolyltetrazolyltriazinylandthiophenyl(i.e.,thienyl).Aheteroaryl 

maycompriseoneormoreN-oxide(N-O-)moietiessuchaspyridine-N-oxide.Unlessstated 

otherwisespecificallyinthespecificationaheteroarylgroupisoptionallysubstituted.  

[0084] "Heteroarylalkyl"referstoaradicaloftheformula-Rb-R 0 whereRbisanalkylene 

chainandR 0 isoneormoreheteroarylradicalsasdefinedabove.Aheteroarylalkylgroupmay 

containaCi-Cioalkylenechainconnectedtoa5-tolO-memberedheteroarylgroup(i.e., 5-to 

lO-memberedheteroarylalkyl)oraCi-Cioalkylenechainconnectedtoa5-to6-membered 

heteroarylgroup(i.e., 5-to6-memberedheteroarylalkyl).Unlessstatedotherwisespecifically 

inthespecificationaheteroarylalkylgroupisoptionallysubstituted.  

[0085] "Heterocyclyl"referstoasaturatedorunsaturatedcyclicalkylgroupwithoneor 

moreringheteroatomsindependentlyselectedfromnitrogenoxygenandsulfur.Theterm 

"heterocyclyl"includesheterocycloalkenylgroups(i.e., theheterocyclylgrouphavingatleast 

onedoublebond),bridged-heterocyclylgroupsfused-heterocyclylgroupsandspiro

ringsmaybefusedbridgedorspiroandmaycompriseoneormoreoxo(C0)orN-oxide(N

0-)moieties.Anynon-aromaticringcontainingatleastoneheteroatomisconsidereda 

heterocyclylregardlessoftheattachment(i.e., canbeboundthroughacarbonatomora 

heteroatom).Furtherthetermheterocyclylisintendedtoencompassanynon-aromaticring 

containingatleastoneheteroatomwhichringmaybefusedtoanarylorheteroarylring, 

regardlessoftheattachmenttotheremainderofthemolecule.Asusedhereinheterocyclylhas 

1to10ringcarbonatoms,1toScarbonatoms1to6carbonatomsor1to4carbonatomsand 

1to5ringheteroatoms,1to4heteroatoms1to3heteroatomsor1to2heteroatoms 

independentlyselectedfromnitrogensulfurandoxygen.Preferredheterocyclylshavefiveto 

10membersintheringsystemincludingonetofourheteroatomsselectedfromnitrogenand 

oxygen(i.e., 5-tolO-memberedheterocyclyl)orfivetoeightmembersintheringsystem 

includingonetofourheteroatomsselectedfromnitrogenandoxygen(i.e., 5-to8-membered 
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heterocyclylgroups.Aheterocyclylmaybeasingleringormultipleringswhereinthemultiple
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heterocyclyl). ExamplesofheterocyclylgroupsincludedioxolanylthienylE1,3]dithianyl, 

decahydroisoquinolylimidazolinylimidazolidinylisothiazolidinylisoxazolidinyl, 

morpholinyloctahydroindolyloctahydroisoindolyl,2-oxopiperazinyl,2-oxopiperidinyl, 

2-oxopyrrolidinyloxazolidinylpiperidinylpiperazinyl,4-piperidonylpyrrolidinyl, 

pyrazolidinyl, quinuclidinyl, thiazolidinyl, tetrahydrofuryl, trithianyl, tetrahydropyranyl, 

thiomorpholinyl, thiamorpholinyl, 1-oxo-thiomorpholinyland1,1-dioxo-thiomorpholinyl.  

Unlessstatedotherwisespecificallyinthespecificationahetercyclylgroupisoptionally 

substituted.  

[0086] "Heterocyclylalkyl"referstoaradicaloftheformula-Rb-RewhereRbisanalkylene 

chainandR 0 isoneormoreheterocyclylradicalsasdefinedabove.Aheterocyclylalkylgroup 

maycontainaCi-Cioalkylenechainconnectedtoa5-tolO-memberedheterocyclylradical(i.e., 

5-tolO-memberedheterocyclylalkyl)oraCi-Cioalkylenechainconnectedtoa5-to8

memberedheterocyclylradical(i.e., 5-to8-memberedheterocyclylalkyl). Unlessstated 

otherwisespecificallyinthespecificationaheterocyclylalkylgroupisoptionallysubstituted.  

[0087] Insomeembodimentsthetemisubstituted"asusedhereinmeansanyoftheabove 

groupsorothersubstituents(e.g., Ci-C6alkylC2-C6alkenylC2-C6alkynylC3-C12cycloalkyl, 

c3-c12cycloalkylalkylarylandheteroaryl)whereinatleastonehydrogenatom(e.g., 1, 2,3,or 

allhydrogenatoms)isreplacedbyabondtoanon-hydrogenatomsuchasbutnotlimitedto:a 

halogenatomsuchasFClBrandI(i.e., "halo");anoxygenatomingroupssuchashydroxyl 

groupsoralkoxygroups(e.g.,alkoxyorhaloalkoxy)~anitrogenatomingroupssuchasamines 

(e.g., -NRa),amides(e.g., -(C0 H2),andnitroalkylgroupsincludingoneormorehalogen, 

[0088] ItisunderstoodthateachchoiceforLR 1 tRibR2 ,R3 ,R4 ,R5 ,R6 ,andR7 is 

optionallysubstitutedasdescribedaboveunlessspecificallystatedotherwiseandprovidedthat 

allvalencesaresatisfiedbythesubstitution.SpecificallyeachchoiceforLR 1 ~ ,RibR2 R3 ,R4 , 

, andRr7. optionallysubstitutedunlessspecificallystatedotherwiseandprovidedsuch 

substitutionresultsinastablemolecule(e.g., groupssuchasHandhaloarenotoptionally 

substituted).  

[0089] "Effectiveamount"ortherapeuticallyeffectiveamount"ofacompoundora 

compositionreferstothatamountofthecompoundorthecompositionthatresultsinanintended 

resultasdesiredbasedonthedisclosureherein.Effectiveamountscanbedeterminedby 

standardpharmaceuticalproceduresincellculturesorexperimentalanimalsincludingwithout 

limitationbydeterminingtheED5o(thedosetherapeuticallyeffectivein50%ofthepopulation) 

15 

suchasFClBrandI(e.g.,haloalkyl);andcyano.
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andtheLD5o(thedoselethalto50%ofthepopulation).Insomeembodimentsaneffective 

amountofacompoundresultsinreductionorinhibitionofsymptomsoraprolongationof 

survivalinasubject(i.e., ahumanpatient). Theresultsmayrequiremultipledosesofthe 

compound.  

[0090] "Treatingor"treatment"ofadiseaseinasubjectrefersto1)preventingthedisease 

fromoccurringinapatientthatispredisposedordoesnotyetdisplaysymptomsofthedisease 

2)inhibitingthediseaseorarrestingitsdevelopmentor3)amelioratingorcausingregressionof 

thedisease.Asusedherein"treatment"or'treating"isanapproachforobtainingbeneficialor 

desiredresultsincludingclinicalresults.Forthepurposesofthisdisclosuresbeneficialor 

desiredresultsincludebutarenotlimitedtooneormoreofthefollowing:decreasingoneor 

moresymptomsresultingfromthediseaseordisorderdiminishingtheextentofthediseaseor 

disorderstabilizingthediseaseordisorder(e.g.,preventingordelayingtheworseningofthe 

diseaseordisorder),delayingtheoccurrenceorrecurrenceofthediseaseordisorderdelayor 

slowingtheprogressionofthediseaseordisorderamelioratingthediseaseordisorderstate, 

providingaremission(whetherpartialortotal)ofthediseaseordisorderdecreasingthedoseof 

oneormoreothermedicationsrequiredtotreatthediseaseordisorderenhancingtheeffectof 

anothermedicationusedtotreatthediseaseordisorderdelayingtheprogressionofthedisease 

ordisorderincreasingthequalityoflifeand/orprolongingsurvivalofasubject.Also 
,, S 

encompassedby"treatmentisareductionofpathologicalconsequenceofthediseaseor 
disorder.Themethodsoftheinventioncontemplateanyoneormoreoftheseaspectsof 

treatment.  

''S , 

mammal.Examplesincludebutarenotlimitedto, miceratshamstersguineapigspigs, 

rabbitscatsdogsgoatssheepcowsandhumans.Insomeembodimentsthemammalisa 

human.  

[0092] A"therapeuticeffect"asthattermisusedhereinencompassesatherapeuticbenefit 

and/oraprophylacticbenefitasdescribedherein.Atherapeuticeffectincludesdelayingor 

eliminatingtheappearanceofadiseaseorcondition;delayingoreliminatingtheonsetof 

symptomsofadiseaseorconditiowslowinghaltingorreversingtheprogressionofadiseaseor 

conditiowcausingpartialorcompleteregressionofadiseaseorconditioworanycombination 

thereof.  

[0093] Thetermsco-administration'',''administeredincombinationwith'',andtheir 

grammaticalequivalentsasusedhereinencompassadministrationoftwoormoreagentstoan 
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[0091] Asusedhereinthetermsindividual(s)', subject(s)"and"patient(s)"meanany
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animalincludinghumanssothatbothagentsand/ortheirmetabolitesarepresentinthesubject 

atthesametime.Co-administrationincludessimultaneousadministrationinseparate 

compositionsadministrationatdifferenttimesinseparatecompositionsoradministrationina 

compositioninwhichbothagentsarepresent.  

[0094] "Pharmaceuticallyacceptable"referstocompoundssaltscompositionsdosage 
formsandothermaterialswhichareusefulin S 

preparingapharmaceuticalcompositionthatis 

suitableforveterinaryorhumanpharmaceuticaluse.  

[0095] "Pharmaceuticallyacceptablesalf'includesbothacidandbaseadditionsalts.  

[0096] "Pharmaceuticallyacceptableacidadditionsalt"referstothosesaltswhichretainthe 

biologicaleffectivenessandpropertiesofthefreebaseswhicharenotbiologicallyorotherwise 

undesirableandwhichareformedwithinorganicacidssuchasbutarenotlimitedto 

hydrochloricacidhydrobromicacidsulfuricacidnitricacidphosphoricacidandthelikeand 

organicacidssuchasbutnotlimitedtoaceticacid,2,2-dichloroaceticacidadipicacid, alginic 

acidascorbicacidasparticacidbenzenesulfonicacidbenzoicacid,4-acetamidobenzoicacid 

camphoricacidcamphor-lO-sulfonicacidcapricacid, caproicacidcaprylicacidcarbonic 

acidcinnamicacidcitricacidcyclamicaciddodecylsulfuricacidethane-1,2-disulfonicacid 

ethanesulfonicacid,2-hydroxyethanesulfonicacidformicacidfumaricacidgalactaricacid 

gentisicacidglucoheptonicacidgluconicacidglucuronicacidglutamicacidglutaricacid,2

oxo-glutaricacidglycerophosphoricacidglycolicacidhippuricacidisobutyricacidlactic 

acidlactobionicacidlauricacidmaleicacidmalicacidmalonicacidmandelicacid, 

1-hydroxy-2-naphthoicacidnicotinicacidoleicacidoroticacidoxalicacidpalmiticacid 

pamoicacidpropionicacidpyroglutamicacidpyruvicacidsalicylicacid4-aminosalicylic 

acidsebacicacidstearicacidsuccinicacidtartaricacidthiocyanicacidp-toluenesulfonic 

acidtrifluoroaceticacidundecylenicacidandthelike.  

[0097] "Pharmaceuticallyacceptablebaseadditionsalt"referstothosesaltswhichretainthe 

biologicaleffectivenessandpropertiesofthefreeacidswhicharenotbiologicallyorotherwise 

undesirable.Thesesaltsarepreparedfromadditionofaninorganicbaseoranorganicbaseto 

thefreeacid.Saltsderivedfrominorganicbasesincludebutarenotlimitedtothesodium 

potassiumlithiumammoniumcalciummagnesium, ironzinccoppermanganesealuminum 

saltsandthelike.Preferredinorganicsaltsaretheammoniumsodiumpotassiumcalciumand 

magnesiumsalts.Saltsderivedfromorganicbasesincludebutarenotlimitedtosaltsof 

primarysecondaryandtertiaryaminessubstitutedaminesincludingnaturallyoccurring 
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substitutedaminescyclicaminesandbasicionexchangeresinssuchasammonia 

i5opropylaminetrimethylaminediethylaminetriethylamine Stnpropylaminediethanolamine 

ethanolamine, deanol, 2- dimethylaminoethanol, 2- diethylaminoethanol, dicyclohexylamine 

lysine, argininehistidinecaffeineprocainehydrabaminecholinebetainebenethamine 

benzathineethylenediamineglucosaminemethylglucaminetheobrominetriethanolamine 

tromethaminepurinespiperazinepiperidineN-ethylpiperidinepolyamineresinsandthelike.  

Particularlypreferredorganicbasesareisopropylaminediethylamineethanolamine 

trimethylaminedicyclohexylaminecholineandcaffeine.  

[0098] Insomeembodimentspharmaceuticallyacceptablesaltsincludequaternary 

ammoniumsaltssuchasquaternaryaminealkylhalidesalts(e.g., methylbromide).  

[0099] Asusedherein"therapeuticagent"referstoabiologicalpharmaceuticalor 

chemicalcompoundorothermoiety.Non-limitingexamplesincludeasimpleorcomplex 

organicorinorganicmoleculeapeptide, aproteinanoligonucleotideanantibodyanantibody 

derivativeantibodyfragmentavitaminderivativeacarbohydrateatoxinora 

chemotherapeuticcompound.Variouscompoundscanbesynthesizedforexamplesmall 

moleculesandoligomers(e.g., oligopeptidesandoligonucleotides),andsyntheticorganic 

compoundsbasedonvariouscorestructures.Inadditionvariousnaturalsourcescanprovide 

compoundsforscreeningsuchasplantoranimalextractsandthelike.  

[0100] Theterm"invivoreferstoaneventthattakesplaceinasubjectsbody.  

[0101] Embodimentsofthedisclosurearealsomeanttoencompassallpharmaceutically 

replacedbyanatomhavingadifferentatomicmassormassnumber(i.e., an"isotopicformof 

acompoundofFormula(I)).Examplesofisotopesthatcanbeincorporatedintothecompounds 

ofFormula(I)includeisotopesofhydrogencarbonnitrogen, oxygenphosphorousfluorine 

chlorineandiodinesuchas 2 H,3 H , 13 , N,1 5 0,1 7 0,1 8 0,3 1 P,3 2 P , 1 36C1, 

123jandl2 Sjrespectively.Theseradiolabeledcompoundscouldbeusefultohelpdetermineor 

measuretheeffectivenessofthecompoundsbycharacterizingforexamplethesiteormodeof 

actionorbindingaffinitytopharmacologicallyimportantsiteofaction.Certainisotopically

labeledcompoundsofFormula(I),forexamplethoseincorporatingaradioactiveisotopeare 

usefulindrugand/orsubstratetissuedistributionstudies.TheradioactiveisotopestritiumU 
i.e., 

3 Handcarbon-14,i.e., 1 4 Careparticularlyusefulforthispurposeinviewoftheireaseof 

incorporationandreadymeansofdetection.  
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acceptablecompoundsofFormula(I)beingisotopically-labelledbyhavingoneormoreatoms
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[0102] Substitutionwithheavierisotopessuchasdeuteriumz.e., 2 Hmayaffordcertain 
therapeuticadvantagesresultingfromgreatermetabolicstabilityforexampleincreasedinvivo 

half-lifeorreduceddosagerequirementsandhencearepreferredinsomecircumstances.  

[0103] Substitutionwithpositronemittingisotopessuchas 11 C,1 8 F,150and1 3 Ncanbe 

usefulinPositronEmissionTopography(PET)studiesforexaminingsubstratereceptor 

occupancy.Isotopically-labeledcompoundsofFomiula(I)cangenerallybepreparedby 

conventionaltechniquesknowntothoseskilledintheartorbyprocessesanalogoustothose 

describedintheExamplesassetoutbelowusinganappropriateisotopically-labeledreagentin 

placeofthenon-labeledreagentpreviouslyemployed.  

[0104] Certainembodimentsarealsomeanttoencompasstheinvivometabolicproductsof 

thedisclosedcompounds.Suchproductsmayresultfromforexampletheoxidationreduction 

hydrolysisamidationesterificationandthelikeoftheadministeredcompoundprimarilydue 

toenzymaticprocesses.Accordinglytheembodimentsincludecompoundsproducedbya 

processcomprisingadministeringacompoundofthisdisclosuretoamammalforaperiodof 

timesufficienttoyieldametabolicproductthereofSuchproductsaretypicallyidentifiedby 

administeringaradiolabeledcompoundofthedisclosureinadetectabledosetoananimalsuch 

asratmouseguineapigmonkeyortohumanallowingsufficienttimeformetabolismto 

occurandisolatingitsconversionproductsfromtheurinebloodorotherbiologicalsamples.  

[0105] "Stablecompound"and"stablestructurearemeanttoindicateacompoundthatis 

sufficientlyrobusttosurviveisolationtoausefuldegreeofpurityfromareactionmixtureand 

[0106] Oftencrystallizationsproduceasolvateofthecompoundofthedisclosure.Asused 

hereinthetermsolvate"referstoanaggregatethatcomprisesoneormoremoleculesofa 

compoundofFormula(I)withoneormoremoleculesofsolvent.Insomeembodimentsthe 

solventiswaterinwhichcasethesolvateisahydrate.Alternativelyinotherembodimentsthe 

solventisanorganicsolvent.ThusthecompoundsofFormula(I)mayexistasahydrate, 

includingamonohydratedihydratehemihydratesesquihydratetrihydratetetrahydrateandthe 

likeaswellasthecorrespondingsolvatedforms.InsomeaspectsthecompoundofFormula(I) 

isatruesolvatewhileinothercasesthecompoundofthedisclosuremerelyretainsadventitious 

waterorisamixtureofwaterplussomeadventitioussolvent.  

[0107] "Optional"oroptionally"meansthatthesubsequentlydescribedeventof 

circumstancesmayormaynotoccurandthatthedescriptionincludesinstanceswheresaid 

eventorcircumstanceoccursandinstancesinwhichitdoesnot.Forexample, ''optionally 
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formulationintoanefficacioustherapeuticagent.
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substitutedaryl"meansthatthearylradicalmayormaynotbesubstitutedandthatthe 

descriptionincludesbothsubstitutedarylradicalsandarylradicalshavingnosubstitution.  

Polymersorsimilarindefinitestructuresarrivedatbydefiningsubstituentswithfurther 

substituentsappendedadinfinitum(e.g.,asubstitutedarylhavingasubstitutedalkylwhichis 

itselfsubstitutedwithasubstitutedarylgroupwhichisfurthersubstitutedbyasubstituted 

heteroalkylgroupetc.)arenotintendedforinclusionherein.Similarlytheabovedefinitions 

arenotintendedtoincludeimpermissiblesubstitutionpatterns(e.g.,methylsubstitutedwith5 

fluorinesorheteroarylgroupshavingtwoadjacentoxygenringatoms).Suchimpermissible 

substitutionpatternsarewellknowntotheskilledartisan.  

[0108] A"pharmaceuticalcomposition"orpharmaceuticallyacceptablecomposition 

referstoaformulationofacompoundofthedisclosureandamediumgenerallyacceptedinthe 

artforthedeliveryofthebiologicallyactivecompoundtomammals, e.g.,humans.Sucha 

mediumincludesallpharmaceuticallyacceptablecarriersdiluentsorexcipientstherefor.  

S S 

[0109] "Pharmaceuticallyacceptablecamerdiluentorexcipientincludeswithout 

limitationanyadjuvantcaterexcipientglidantsweeteningagentdiluentpreservative, 

dye/colorantflavorenhancersurfactantwettingagentdispersingagentsuspendingagent, 

stabilizerisotonicagentsolventoremulsifierwhichhasbeenapprovedbytheUnitedStates 

FoodandDrugAdministrationasbeingacceptableforuseinhumansordomesticanimals.  

[0110] ThecompoundsofFormula(I),orapharmaceuticallyacceptablesaltorisotopic 

fomithereofmaycontainoneormorecentersgivingrisetogeometricasymmetryandmaythus 

absolutestereochemistryas(R)-or(S)-or, a5(D)-or(L)-foraminoacids.Embodimentsthus 

includeallsuchpossibleisomersaswellastheirracemicandopticallypureforms.Optically 

active(+)and(-),(R)-and(S)-,or(D)-and(L)-S 
isomersmaybepreparedusingchiralsynthons 

orchiralreagentsorresolvedusingconventionaltechniquesforexamplechromatographyand 

fractionalcrystallization. Conventionaltechniquesforthepreparation/isolationofindividual 

enantiomersincludechiralsynthesisfromasuitableopticallypureprecursororresolutionofthe 

racemate(ortheracemateofasaltorderivative)usingforexamplechiralhighpressureliquid 

chromatography(HPLC).Whenthecompoundsdescribedhereincontainolefinicdoublebonds 

orothercentersofgeometricasymmetryandunlessspecifiedotherwiseitisintendedthatthe 

compoundsincludebothBandZgeometricisomers.Likewisealltautomericformsarealso 

intendedtobeincluded.  
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provideenantiomersdiastereomersandotherstereoisomericformsthataredefinedintermsof
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[0111] A"stereoisomerreferstoacompoundmadeupofthesameatomsbondedbythe 

samebondsbuthavingdifferentthree-dimensionalstructureswhicharenotinterchangeable.  

Thepresentdisclosurecontemplatesvariousstereoisomersandmixturesthereofandincludes 

enantiomers, whichreferstotwostereoisomerswhosemoleculesarenon-superimposable 

minorimagesofoneanother.  

[0112] "Diastereoisomersarestereoisomersthathaveatleasttwoasymmetricatomsbut 

whicharenotmirror-imagesofeachother.  

[0113] A"tautomerreferstoaprotonshiftfromoneatomofamoleculetoanotheratomof 

thesamemolecule.Embodimentsthusincludetautomersofthedisclosedcompounds.  

[0114] Thechemicalnamingprotocolandstructurediagramsusedhereinareamodified 

formoftheJ.U.P.A.C.nomenclaturesystemusingtheACD/NameVersion9.07software 

programand/orChemDrawUltraVersion11.0.1softwarenamingprogram(CambridgeSoft).  

Forcomplexchemicalnamesemployedhereinasubstituentgroupistypicallynamedbeforethe 

grouptowhichitattaches.Forexamplecyclopropylethylcomprisesanethylbackbonewitha 

cyclopropylsubstituent.Exceptasdescribedbelowallbondsareidentifiedinthechemical 

structurediagramshereinexceptforallbondsonsomecarbonatomswhichareassumedtobe 

bondedtosufficienthydrogenatomstocompletethevalency.  

[0115] Althoughvariousfeaturesoftheinventionmaybedescribedinthecontextofa 

singleembodimentthefeaturesmayalsobeprovidedseparatelyorinanysuitablecombination.  

Converselyalthoughtheinventionmaybedescribedhereininthecontextofseparate 

Compounds 

[0116] InoneaspectprovidedhereinisacompoundofFormula(I): 

NL 

N 

(R%~ N 

FR2 RibRia 

(I) 

orapharmaceuticallyacceptablesaltthereofwherein: 

isadirectbondC(0)-,~(CRaRb)m~C(-0)-- 0) - or~(CRaRb)m~, 

21 

embodimentsforclaritytheinventionmayalsobeimplementedinasingleembodiment.
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eachR~andRbisindependentlyHCi-C6alkylC2-C6alkenylorC2-C6alkynyb 

R1 ~ andRibareindependentlyHCi-C6alkylC2-C6alkenylC2-C6alkynylCi-C6alkoxyhalo 

orC6-Cioarylalkyl~ 

R2 isHoxoorthioxo, 

R3  isC2-C6alkylC3-C6alkenylC3-C6alkynylC3-C12cycloalkylC3-C6cycloalkylalkyl, 

c6-c1oarylalkyl,5-tolO-memberedheteroarylalkylor5-tolO-membered 
heterocyclylalkyl, 

whereinthe5-to1O-mernberedheteroarylalkylor5-tolO-memberedheterocyclylalkyl 

contains1-3heteroatomsselectedfromnitrogenandoxygew 

R4 isC6 -C10 aryl,5-tolO-memberedheteroarylor5-tolO-memberedheterocyclyl, 

whereinthe5-tolO-memberedheteroarylor5-tolO-memberedheterocyclylcontains1

3heteroatomsselectedfromnitrogenandoxygew 

eachR5 isindependentlyCi-Osalkyloxoorhalw 

R6  isHCi-C6alkyloroxo 

R7  isHoroxo, 

m islor2and 

n isanintegerfrom0to3~ 

c3-c12cycloalkylalkylC6-CioarylQs-Cioarylalkyl,5-tolO-memberedheteroaryl,5-to10

memberedheteroarylalkyl,5-tolO-memberedheterocyclyland5-tolO-membered 

heterocyclylalkylisoptionallysubstitutedwithonetofivesubstituentsselectedfromhydroxyl, 

haloaminoCi-C6haloalkylCi-C6alkoxyCi-C6haloalkoxycyano- (C0)NRanitro 

-S02(Ci-C6alkyl),and-CO2H.  

[0117] InsomeembodimentsLisadirectbond.InsomeembodimentsLis-C(-0) 

or~(CRaRb)m~.InsomeembodimentsLis-C(0) InsomeembodimentsLis~(CRaRb) In 

someembodimentsLis~(CRaRb)m~C(0)-orC(0)jCRaRb) InsomeembodimentsLis 

~(CRaRb)m~C(-0). InsomeembodimentsLis-C(0)4CRaRb)ma 

[0118] InsomeembodimentseachR~andRbisindependentlyHCi-C6alkylC 2 -C6 

alkenylorC2-Ccsalkynyl.InsomeembodimentseachR~andRbisindependentlyHCi-C3 

22 

whereineachCi-C6alkylC2-C6alkenylC2-C6alkynylC3-C12cycloalkyl,
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alkylC2-C4alkenylorC2-C4alkynyL InsomeembodimentsR~andRbareeachH.Insome 

a' 
embodimentsRisH.InsomeembodimentsR~isCi-C6alkylsuchasmethylethylorpropyl.  
InsomeembodimentsR~isC2-C6alkenylsuchasvinylorpropenyl.Insomeembodiments 

isC2 -C6 alkynylsuchasethynylorpropynyl.InsomeembodimentsRbisH.Insome 

embodimentsRbisCi-C 6 alkylsuchasmethylethylorpropyl.InsomeembodimentsRbis 

c2-c6alkenylsuchasvinylorpropenyl.InsomeembodimentsRbisC 2 -C6 alkynylsuchas 

ethynylorpropynyl.  

[0119] InsomeembodimentsRl~andRibareindependentlyHCi-C6alkylC2-C6alkenyl, 

c2-c6alkynylCi-C6alkoxyhaloorC6-Cioarylalkyl.InsomeembodimentsRl~isH.In 

someembodimentsRl~isCi-C6alkylsuchasmethylethylorpropyl.Insomeembodiments 

R1 ~ isC2 -C6 alkenylsuchasvinylorpropenyl.InsomeembodimentsRl~isC2-C6alkynyl, 

suchasethynylorpropynyl.InsomeembodimentsRl~isCi-C6alkoxysuchasmethoxy, 

ethoxyorpropoxy.InsomeembodimentsRl~ishalosuchasfluorochloroorbromo.In 

someembodimentsRl~isC6-Cioarylalkylsuchasbenzyl.InsomeembodimentsRibisH.In 

someembodimentsRibisC 1 -C6 alkylsuchasmethylethylorpropyl.Insomeembodiments 

RibisC2 -C6 alkenylsuchasvinylorpropenyl.InsomeembodimentsRibisC 2 -C6 alkynyl, 

suchasethynylorpropynyl.InsomeembodimentsRibisCi-C 6 alkoxysuchasmethoxy, 

ethoxyorpropoxy.InsomeembodimentsRibishalosuchasfluorochloroorbromo.In 

someembodimentsRibisC 6 -C1 oarylalkylsuchasbenzyl.  

[0120] InsomeembodimentsRi~andRibareeachindependentlyH~Ci-C6alkyloptionally 

substitutedwith1-3substituentsselectedfromhalo,-CO2Hand-C(0 H2~Ci-C6alkoxy~ 

amino.InsomeembodimentsRi~isCi-C6alkylsubstitutedwith1-3halosuchasfluoroor 

chloro.InsomeembodimentsRi~isCi-C6alkylsubstitutedwith1-3-CO2Hgroups.Insome 

vanationsR1 ~ isC1-C3alkylsubstitutedwith1-2CO2Hgroupssuchas-CH2CO2Hor 

-CH2CH2CO2H.InsomeembodimentsRi~isCi-C6alkylsubstitutedwith1-3-C(0 H2 

groups.InsomeembodimentsRi~isCi-C3alkylsubstitutedwith1-2-C(0)NH2groupssuch 

as-CH2C(0)NH2or-CH2CH2C(0)NH2.Insomeembodiments isC6-Cioarylalkyl 

substitutedby1-3substituentsselectedfromhaloandamino.InsomeembodimentsRia' 

Cl0 arylalkylsubstitutedby1-3halosuchasfluorochloroorbromo.Insomeembodiments 

R 1 ~ isC6 -Cioarylalkylsubstitutedby1-3amino.InsomeembodimentsRibisCi-C6alkyl 

substitutedwith1-3halosuchasfluoroorchloro.InsomeembodimentsRibisCi-Ccsalkyl 

substitutedwith1-3-CO2Hgroups.InsomevariationsRibisCi-C3alkylsubstitutedwith1-2 

CO2Hgroupssuchas-CH2CO2Hor-CH2CH2CO2H.InsomeembodimentsRibisCi-C6alkyl 
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haloorC6-Cioarylalkyloptionallysubstitutedby1-3substituentsselectedfromhaloand
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substitutedwith1-3-C 0)NRagroups.InsomeembodimentsRibisCi-C3alkylsubstituted 

with1-2-C(0)NH2groupssuchas-CH2C(0)NRaor-CH2CH2C(0)NRa.Insome 

embodimentsRibisC 6 -Cioarylalkylsubstitutedby1-3substituentsselectedfromhaloand 

amino.InsomeembodimentsRibisC 6 -Cioarylalkylsubstitutedby1-3halosuchasfluoro 

chloroorbromo.InsomeembodimentsRibisC 6 -Cioarylalkylsubstitutedby1-3amino.In 

someembodimentsRi~andRibareeachindependentlyHmethylfluoro,2

methylbutyl,-CH2Fmethoxy,-CH2CO2H,-CH2C(0 H2,benzylor4-aminobenzyl.Insome 

embodimentsRi~andRib~eeachindependentlyHorCi-C3alkyl.Insomeembodiments 

ismethylandRibisH.InsomeembodimentsRi~andRibareeachH.Insomeembodiments, 

oneofRi~andRibisHandtheotherisCi-C3alkylsuchasmethyl.  

[0121] InsomeembodimentsR 2 isHoxoorthioxo.InsomeembodimentsR 2 isH.In 

someembodimentsR 2 isoxo.InsomeembodimentsR2' thioxo.  

[0122] InsomeembodimentsR 3 isC3-C6alkylC3-C6alkenylC3-C6alkynylC3-Ciz 

cycloalkylC3-C6cycloalkylalkylC6-Cioarylalkyl,5-tolO-memberedheteroarylalkylor5-to 

lO-memberedheterocyclylalkylwhereinthe5-tolO-memberedheteroarylalkylor5-to10

memberedheterocyclylalkylcontains1-3heteroatomsselectedfromnitrogenandoxygen.In 

someembodimentsR 3 isC3-C6alkylsuchaspropylbutylpentylorhexyl.Insome 

embodimentsR 3 isC4-C6alkyl.InsomeembodimentsR 3 isC3-C6alkenyl.Insome 

embodimentsR 3 isC4-C6alkenyl.InsomeembodimentsR 3 isCrC6alkynyl.Insome 

embodimentsR 3 isC4-C6alkynyl.InsomeembodimentsR 3 isCrCi2cycloalkylsuchas 

cyclopropylcyclobutylcyclopentylorcyclohexyl.InsomeembodimentsR3.  

cycloalkyl).InsomeembodimentsR 3 isC6-Cioarylalkylsuchasbenzyl.Insome 

embodimentsR 3 is5-tolO-memberedheteroarylalkylsuchas-(CH2)i-3(5-tolO-membered 

heteroaryl)or-(CH2)i-3(5-to6-memberedheteroaryl).Insomeembodimentsthe5-to10

memberedheteroarylalkylcontains1-2nitrogenatoms.InsomeembodimentsR 3 is5-to10

memberedheterocyclylalkylsuchas-(CH2)i-3(5-tolO-memberedheterocyclyl)or-(CH2)i-2(5

to6-memberedheterocyclyl).Insomeembodimentsthe5-tolO-memberedheterocyclylalkyl 

contains1-2nitrogenatoms.  

[0123] InsomeembodimentsR 3 isC3-C6alkyloptionallysubstitutedby1-3substituents 

selectedfromhaloand-C(0)NH2,C2-C6alkenylorC3-C6cycloalkylalkyl.Insome 

embodimentsR 3 isC2-C6alkyloptionallysubstitutedby1-3substituentsselectedfromhaloCi

C3alkoxyhydroxy,-NRa,-S02(Ci-C3alkyl),and-C(0 H2~C2-C6alkenybC3-C6 

cycloalkylalkyl~5-to6-memberedheteroarylalkyl~5-to6-memberedheterocyclylalkyl~orC6 

24 

cycloalkyl.InsomeembodimentsR3. cycloalkylalkylsuchas-(CH2)i-3(C3-C6
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arylalkyl.InsomeembodimentsR 3 isC2alkylsubstitutedby1-3substituentsselectedfromCi

C3 alkoxyhydroxy,-NH2,and-S02(C1-C3alkyl).InsomeembodimentsR3.  

N N 

F 

NH2  >cNNAr~rt 

N 7 

A- A

7 -N%%%%~~~~OH 7 

0 
F ;3%rr%%½dr~s0  7 or 
F 

C 

7 \½trNN 

N N~½tr~7 or 
C 

InsomeembodimentsR 3 is2-methylbutyl.  

[0124] InsomeembodimentsR 4 isC6-C1Oaryl,5-tolO-memberedheteroarylor5-to10

memberedheterocyclylwhereinthe5-tolO-memberedheteroarylor5-tolO-membered 

heterocyclylcontains1-3heteroatomsselectedfromnitrogenandoxygen.Insome 

embodimentsR 4 isC6-Cloarylsuchasphenyl.Insomeembodiments,~is5-to10

memberedheteroarylcontaining1-2nitrogenatoms.InsomeembodimentsR4. 5-to10

25 

InsomeembodimentsR 3 is.
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memberedheterocyclyl.InsomeembodimentsL(~is5-to9-memberedheterocyclylcontaining 

1-2nitrogenatoms.InsomeembodimentsR 4 is5-to9-memberedheterocyclylcontaining1-2 

oxygenatoms.InsomeembodimentsR 4 is5-to9-memberedheterocyclylcontaining1 

nitrogenatomand1oxygenatom.  

[0125] InsomeembodimentsR 4 isC6-Cioaryloptionallysubstitutedwith1-3substituents 

selectedfromhalohydroxylCi-C6haloalkylandCi-C6haloalkoxy.InsomeembodimentsR 4 

isphenylsubstitutedwith1-3substituentsselectedfrom-CF3,-OCHF2,-OHfluoroandchioro.  

InsomeembodimentsR 4 is.  

F F Y 
CF3  0 HO CI OF3 

I 

InsomeembodimentsRL~is.  

F F ci 

OF3  0 HO CF3 

U 

[0126] InsomeembodimentsR 4 is5-tolO-memberedheteroaryloptionallysubstituted 

with1-3substituentsselectedfromhalohydroxylCi-C6haloalkylandCi-C6haloalkoxy.In 

someembodimentsRL~ispyridylorindolyloptionallysubstitutedwith1-3substituentsselected 

fromhalohydroxylCi-C6haloalkylandCi-C6haloalkoxy.InsomeembodimentsR 4 is 
HN 

N 
~or 1% 

4.  
U InsomeembodimentsRispyridylsubstitutedwith1-3 

substituentsselectedfromhalohydroxylCi-C6haloalkylandCi-C6haloalkoxy.Insome 
HO N 

IN 
embodimentsR 4 is Insomeembodiments is5-tolO-memberedheterocyclyl 

optionallysubstitutedwith1-3substituentsselectedfromhalohydroxylCi-C6haloalkyland 
H 
N 

haloalkoxy.InsomeembodimentsR4. iridolinyl. U 

[0127] Insomeembodiments-L-R 4 ~ -CH2(phenyl)or-C(O)(phenyl),whereinthephenyl 

issubstitutedby1-3substituentsselectedfromCi-C3haloalkylCi-C3haloalkoxyhaloand 

hydroxy.Insomeembodiments-L-R 4 is-CH2(pyridyl)or-C(O)(pyridyl),whereinthepyridyl 

26 

HO N
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issubstitutedby1-3substituentsselectedfromCi-C3haloalkylCi-C3haloalkoxyhaloand 

hydroxy. Insomeembodiments-L-R 4 is: 

F F 

F30 0 HO F3C HO N 
N 

0 
Jwv Jwv wuv 

I I 7 I 7 7 I I 
7 7 7 

F F ci 

F30 0 F30 HO N 
N 

Kr 
Juvv Jw~ 

I I 7 I 7 I ,u i I U 

[0128] InsomeembodimentseachVisindependentlyCi-C6alkyloxoorhalo.Insome 

embodimentsR 5 isCi-C6alkylsuchasmethylethylorpropyl.InsomeembodimentsR 5 is 

oxo.InsomeembodimentsR5. halosuchasfluorochloroorbromo.Insomeembodiments, 

R5. oxoorhalo.Insomeembodiments, isoxoorfluoro.  

[0129] InsomeembodimentsR 6 isHCi-C6alkyloroxo.InsomeembodimentsR 6 isH.  

InsomeembodimentsR6' cl-c6alkylsuchasmethylethylorpropyl.Insome 

embodimentsR 6 isoxo.  

[0130] Insomeembodiments, isHoroxo.InsomeembodimentsRr/. H.Insome 

embodimentsR'isoxo.  

[0131] Insomeembodimentsmis1. Inotherembodimentsmis2.  

someembodimentsnis1. Insomeembodimentsnis2.Insomeembodimentsnis3.  

[0133] InanyembodimentsofFormula(I),orvariationsthereofeachCi-C6alkylC2-C6 

alkenylC2-C6alkynylC3-C12cycloalkylC3-C12cycloalkylalkylC6-CioarylC6-Cioarylalkyl, 

5-tolO-memberedheteroaryl,5-tolO-memberedheteroarylalkyl,5-tolO-membered 

heterocyclyland5-tolO-memberedheterocyclylalkylisoptionallysubstitutedwithonetothree 

substituentsselectedfromhydroxylhalo(suchasfluorochloroorbromo),aminoCi-C6 

haloalkyl(suchas-CF3or-CHF2),Ci-C6alkoxy(suchasmethoxyorethoxy),Ci-C6haloalkoxy 

(suchas-OCHF2or-OCF3),and-(C0)NH2.  

[0134] InsomeembodimentsthecompoundofFormula(I)isacompoundofFormula(II), 

27 

[0132] Insomeembodimentsnis0.Inotherembodimentsnisanintegerfrom1to3. In
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NL L ½ 

N 

(R5)~ K (R%~ 
N 

I 

0 

N 
L L 
I I 

(R%~ (R%~ 

,or 
0 0 0 

(lic) (lid) (lie) 

orapharmaceuticallyacceptablesaltthereofwhereinLR 1 ~ , Rib andnare 

asdescribedforFormula(I).InsomeembodimentsthecompoundisofFormula(II)ora 

pharmaceuticallyacceptablesaltthereof.InsomeembodimentsthecompoundisofFormula 

(ha)orapharmaceuticallyacceptablesaltthereof.Insomeembodimentsthecompoundisof 

Formula(JIb)orapharmaceuticallyacceptablesaltthereof.Insomeembodimentsthe 

compoundisofFormula(JIc)orapharmaceuticallyacceptablesaltthereof.Insome 

embodimentsthecompoundisofFormula(lid)orapharmaceuticallyacceptablesaltthereof 

InsomeembodimentsthecompoundisofFormula(lie)orapharmaceuticallyacceptablesalt 

thereof.  

(lila),(11Th),(IJIc),or(hId): 

28 

[0135] InsomeembodimentsthecompoundofFormula(I)isacompoundofFormula
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R R 

¾~ \z 

N 

(R%~ K 
N N 

0 

N N 

R K 

K 
--- (R 5)~ K N 

(iiic) ,or (hid) 

orapharmaceuticallyacceptablesaltthereofwhereinRl~, Rib andnareasdescribed 

forFormula(I),andRrepresentsoneormoreoptionalsubstituentssuchashydroxylhalo 

aminoCi-C6haloalkylCi-C6haloalkoxyasdescribedforFormula(I).Insomeembodiments 

thecompoundisofFormula(lila)orapharmaceuticallyacceptablesaltthereof.Insome 

embodimentsthecompoundisofFormula(11Th)orapharmaceuticallyacceptablesaltthereof.  

InsomeembodimentsthecompoundisofFormula(IJIc)orapharmaceuticallyacceptablesalt 

acceptablesaltthereof 

[0136] InsomeembodimentsthecompoundofFormula(I)isacompoundofFormula 

(IVa),(JVb),(JVc),or(JVd): 

29 

thereof.InsomeembodimentsthecompoundisofFomciula(hId)orapharmaceutically
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R R 

3< ;< 

(R%~ 

0 0 

(IVa) (IVb) 

KN (N 

(R%~ 

0 0 

(IVc) ,or (IVd) 

orapharmaceuticallyacceptablesaltthereofwhereinR5andnareasdescribedforFomiula(I), 

andRrepresentsoneormoreoptionalsubstituentssuchashydroxylhaloaminoCi-C6 

haloalkylCi-C6haloalkoxyasdescribedforFormula(I).Insomeembodimentsthecompound 

isofFormula(IVa)orapharmaceuticallyacceptablesaltthereofInsomeembodimentsthe 

compoundisofFormula(JVb)orapharmaceuticallyacceptablesaltthereofInsome 

embodimentsthecompoundisofFormula(JVc)orapharmaceuticallyacceptablesaltthereof.  

thereof.  

[0137] InsomeembodimentsthecompoundofFormula(I)isacompoundofFormula(V): 

N 

(V) 

orapharmaceuticallyacceptablesaltthereofwhereinLR 1 ~ , Rib, andR4 areasdescribedfor 

Formula(I).InsomeembodimentsLis-C(0)- or-CH2gR 1 ~ andRibareindependentlyHor 

alkyloptionallysubstitutedwith-CO2H~R3. alkyl,¼-C5alkenylorCi-C3alkyl 

substitutedwithC3-CScycloalkyl;andR 4 isphenylorpyridylsubstitutedwith1-3substituents 

30 

InsomeembodimentsthecompoundisofFormula(JVd)orapharmaceuticallyacceptablesalt
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selectedfrom-CF3,-OCHF2,-OHfluoroandchioro.InsomevariationsoneofRl~andR 1 is 

HandtheotherisCi-C3alkylsuchasmethyl.  

S 

[0138] Inthedescriptionshereinitisunderstoodthateverydescriptionvariation 
S 

embodimentoraspectofamoietymaybecombinedwitheverydescriptionvariation 

embodimentoraspectofothermoietiesthesameasifeachandeverycombinationof 

descriptionsisspecificallyandindividuallylisted.Forexampleeverydescriptionvariation 

embodimentoraspectprovidedhereinwithrespecttoLofFormula(I)maybecombinedwith 

everydescriptionvariationembodimentoraspectofRl~RibR 2 ,R3 ,R4 ,R5 ,R6 , andnthe 

sameasifeachandeverycombinationwerespecificallyandindividuallylisted.Itisalso 

understoodthatalldescriptionsvariationsembodimentsoraspectsofFormula(I),where 

applicableapplyequallytootherformulaedetailedhereinandareequallydescribedthesame 

asifeachandeverydescriptionvariationembodimentoraspectwereseparatelyand 

individuallylistedforallformulae.Forexamplealldescriptionsvariationsembodimentsor 

aspectsofFormula(I),whereapplicable, applyequallytoanyoftheformulaeasdetailedherein 

suchasFormulae(II),(ha),(JIb),(JIc),(lid),(lie),(lila),(IJIb),(IJIc),(hId),(IVa),(JVb), 

(JVc),(JVd),and(V),andareequallydescribedthesameasifeachandeverydescription 

variationembodimentoraspectwereseparatelyandindividuallylistedforallformulae.  

[0139] Insomeembodimentsprovidedisacompoundselectedfromthecompoundsin 

Table1orapharmaceuticallyacceptablesaltthereofAlthoughcertaincompoundsdescribedin 

thepresentdisclosureincludinginTable1, arepresentedasspecificstereoisomersand/orina 

non-stereochemicalformitisunderstoodthatanyorallstereochemicalformsincludingany 

compoundsofthepresentdisclosureincludinginTable1, arehereindescribed.  

Table.  

Compound Structure Compound Structure 

F3C F3C 

la lb 

0 0 

31 

enantiomericordiastereomericformsandanytautomersorotherfomiisofanyofthe
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F F F F 

2a 2b 

0 

3a 3b 

0 

HO NN HO K 

4a 4b 

w 

0 0 

F30 F30 

F F F F 

6a 6b 

HO K HO K 

7a 7b 

0 0 

32 

5a 5b
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Sb 

0 0 

CI 

9 10 

0 

F3C 

11 N 12 

F F 

F F 

F30 F30 

15 16 

F F 

F F 

17 18 

0 

33 

13 14



WO2022/094400 PCT/IJS20211057563 

F30 

19 20 

0 

F3C F30 

21 22 

a 

F30 F30 

23 N 24 

0 0 

0 F 0 F 

25 26 

0 0 
0 F F 

F F 

27 N 28 

0 0 

0 F 0 F 

F 

29 30 N 

0 0 

34 

yr ON;



WO2022/094400 PCT/IJS20211057563 

0 F 0 F 
Ny~ 

F F 

31 32 N 

0 0 

0 F 0 F 
Yr 

F F 

33 34 

0 0 

0 F 0 F 

F F 
0 

35 36 
0 

0 0 
0 F 0 F 

NT~r Yr 
F F 

37 N F 38 
F 

0 0 

Yr 
F F 

39 40 

0 0 

0 F 
Yr 

F 

N 
41 N 42 

N 

0 0 

35 

0 F YrF
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F HN 

43 44 

0 

0 

45 46 

0 0 

F 0 F 
Nt 

F 

N 

47 N 48 N 

0 F N 
0 

F 

F 0 F 0 
Nt Nt 

F F 

N N 

49 N 50 N 

0 0 

CI 
F30 

51 52 F 
N F 

N 
0 

0 

36 
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F 0 F 

F 

N 

53 N 54 

0 

0 

F30 F30 

55 56 

F F 

F30 F30 

57 N 58 

F 

0 F F 

F30 F30 

59 60 N 

F 

F F 

61 N N 62 F 

0 

F3C F30 

63 64 

NH2 

37 

0
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F3 0 

65 66 

N 

0 

F3 0 

N 
67 68 NH2 

0 

69 NH2  70 F 

N 

0 

F3C 

F 

N 

71 72 N 0 

F F 

F F 

73 N 74 
N 

0 

0 

orapharmaceuticallyacceptablesaltthereof.  

[0140] InsomeembodimentsthecompoundofFormula(I)isnotCompound3a,3b,9,10, 

13,15,16,18,21,23-29,31-41,43-48,50,52,or54.  

[0141] Insomeembodimentsprovidedisacompoundselectedfromthecompoundsin 

TablelAorapharmaceuticallyacceptablesaltthereof.Althoughcertaincompoundsdescribed 

inthepresentdisclosureincludinginTablelAarepresentedasspecificstereoisomersand/or 

38 
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inanon-stereochemicalformitisunderstoodthatanyorallstereochemicalformsincluding 

anyenantiomericordiastereomericformsandanytautomersorotherformsofanyofthe 

compoundsofthepresentdisclosureincludinginTablelAarehereindescribed.  

TablelA.  

Compound Structure Compound Structure 

F30 F30 

la lb 

U 

F F F F 

2a 2b 

HO NN HO K 

0 0 

F3C F3C 

Sb 

U 

0 0 

39 

4a 4b
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F F F F 

6a 6b 

HO K HO K 

7a 7b 

0 0 

Sa Sb 

0 0 

F30 

F F 

F F 

14 17 

0 

F30 F30 

19 20 

0 

40 

11 N 12
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F3C 0 F 

F 

22 30 N 

0 

F 0 

F 

N 

42 49 N 

0 
0 

0 

CI F 0 
F30 F 

N 
51 N 53 N 

N 
N 0 

0 

orapharmaceuticallyacceptablesaltthereof.  

[0142] Itisunderstoodthatinthepresentdescriptioncombinationsofsubstituentsand/or 

variablesofthedepictedformulaearepermissibleonlyifsuchcontributionsresultinstable 

[0143] FurthermoreallcompoundsofFormula(I)whichexistinfreebaseoracidformcan 

beconvertedtotheirpharmaceuticallyacceptablesaltsbytreatmentwiththeappropriate 

inorganicororganicbaseoracidbymethodsknowntooneskilledintheart.Saltsofthe 

compoundsofFormula(I)canbeconvertedtotheirfreebaseoracidformbystandard 

techniques.  

MethodsofSynthesis 

[0144] CompoundsofFormula(I),orapharmaceuticallyacceptablesaltisotopicformor 

stereoisomerthereofcanbepreparedbyusingorganicchemistrysynthesismethodsknownin 

theart.IngeneralstartingcomponentsmaybeobtainedfromsourcessuchasSigmaAldrich, 

LancasterSynthesis, Inc MaybridgeMatrixScientificTCJandFluorochemUSAetc.or 

synthesizedaccordingtosourcesknowntothoseskilledintheart(seeforexampleAdvanced 
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OrganicChemistry:ReactionsMechanismsandStructure,5thedition(WileyDecember 

2000))orpreparedasdescribedherein.  

GeneralReactionScheme1.  

OH MeO OMe MeO OMe 

7 + EQ EQ KNHP2 R N NH2  + HO (R%~ 
Ria H 

Al A2 

A3 A4 

MeO OMe 

EQ H EQ P2HNTh H NX _________ N N 

N (R) N 

A5 A6 

N 

x R4  L 
I 

_________ N 
A7 (R5)~ K N 

N 

Formula(I) 

[0145] GeneralReactionScheme1providesanexemplarymethodforpreparationof 
compoundsofFormula(I).Rl~RibR 2 ,R 3 ,~R5 ,R 6 R 7 ,LandninGeneralReaction 

Scheme1areasdefinedherein.Xisareactivemoietyselectedtofacilitatethedesiredreaction 

(e.g., halo).PiandP2aresuitableprotectinggroups.UisselectedsuchthatadesiredLmoiety 

resultsfromthereactionbetweenU~RL~andthesecondaryamine.CompoundsofstructureA1 

arepurchasedorpreparedaccordingtomethodsknownintheart.ReactionofAlwithA2 

underappropriatecouplingconditions(e.g., T3Pandbase)yieldstheproductofthecoupling 

reactionbetweenA1andA2,A3. A3isthenreactedwithA4undersuitablecouplingconditions 

(e.g., T3Pandbase)toaffordcompoundA5.CompoundASisthencyclized(e.g., usingformic 

acid)anddeprotected(e.g., usingpiperidine)toaffordcompoundA6.CompoundA6isthen 

reactedwithcompoundA7toaffordthefinalcompoundofFormula(I)asshown.  
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GeneralReactionScheme2.  

MeO OMe 
L 

P2HNTh H _______ H I P3 
NA ____ N Li 

(R) - (R5)~ ~NN NA 
_____ _____ N _____________ _____ 

'In A7 

AB A9 AIO 

RZL 

I -V 'Ut L N NH x I 

(R%~ K ________ N NA 
N A12 K 

N 

All 
Formula(I) 

[0146] AnalternativemethodforthesynthesisofcompoundsofFomiula(I)isdepictedin 

GeneralReactionScheme2.Rl~,RibR 2 ,R3 ,R4 ,R5 ,R6 ,R7 ,LandninGeneralReaction 

Scheme2areasdefinedherein.P2isasuitableprotectinggroup.EachXisareactivemoiety 

selectedtofacilitatethedesiredreaction(e.g., halo).L1* isselectedsuchthatadesiredLmoiety 

resultsfromthereactionbetweenU-R~~andthesecondaryamine.JntennediateA5isprepared 

witharemovableprotectinggroupP 3 (e.g.para-methoxybenzyl)astheR3groupgiving 

intermediateAS. ASisthencyclized(e.g., usingformicacid)anddeprotected(e.g., using 

AlO.CompoundAlOisthendeprotected(e.g., withcericaammoniumnitrate)togivecompound 

Al1. CompoundAl1isthenreactedwithA12toprovidethefinalcompoundofFormula(I).  
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GeneralReactionScheme3.  

MeO OMe 

P2HNTh H _____ I N 
(R5) N NA ___ NH (R%~ N NH 

n N 

AB A9 AIO 
RtL 

I L 
XL~VIR4  <N NH N 

(R)~ __ N 
A7 N A12 K

N 

All 
Formula(I) 

[0147] ArelatedmethodtotheoneshowninGeneralReactionScheme2isdepictedin 

GeneralReactionScheme3. Inthismethodthetwoaminenitrogenatomsofthebicycliccore 

aredeprotectedtoprovidecompoundA10,thenreactedwithA7toaffordcompoundA11.  

SubsequentreactionwithA12providesthefinalcompoundofFormula(I).  

S 

[0148] Itshouldbenotedthatvanousalternativestrategiesforpreparationofcompoundsof 

Formula(I)areavailabletothoseofordinaryskillintheart.Forexampleothercompoundsof 

Formula(I)canbepreparedaccordingtoanalogousmethodsusingtheappropriatestarting 

material.  

preparingthecompoundsdescribedhereinthefunctionalgroupsofintermediatecompounds 

mayneedtobeprotectedbysuitableprotectinggroups.Suchfunctionalgroupsmayinclude 

hydroxyaminoandcarboxylicacid.Suitableprotectinggroupsforhydroxyinclude 

trialkylsilylordiarylalkylsilyl(forexamplet-butyldimethylsilylt-butyldiphenylsilylor 

trimethylsilyl),tetrahydropyranylbenzylandthelike.Suitableprotectinggroupsforamino 

andamidinoincludet-butoxycarbonylbenzyloxycarbonylandthelike.Suitableprotecting 

groupsforcarboxylicacidincludealkylarylorarylalkylesters.Protectinggroupsare 

optionallyaddedorremovedinaccordancewithstandardtechniqueswhichareknowntoone 

skilledintheartandasdescribedherein.Theuseofprotectinggroupsisdescribedindetailin 

GreenT.W.andP.G.M.WutzProtectiveGroupsinOrganicSynthesis(1999),3rdEd.,Wiley.  

Asoneofskillintheartwouldappreciatetheprotectinggroupmayalsobeapolymerresin 

suchasaWangresinRinkresinora2-chlorotrity1-chloride S 

resin.  
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PharmaceuticalCompositionsandFormulations 

[0150] Inafurtheraspectprovidedhereinarepharmaceuticalcompositions.The 

pharmaceuticalcompositioncomprisesanyone(ormore)oftheforegoingcompoundsanda 
S 

pharmaceuticallyacceptablecamer.Insomeembodimentsthepharmaceuticalcompositionis 

formulatedfororaladministration.Inotherembodimentsthepharmaceuticalcompositionis 

formulatedforinjection.Instillmoreembodimentsthepharmaceuticalcompositionscomprise 

acompoundofFormula(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomer 

thereofandanadditionaltherapeuticagent.Non-limitingexamplesofsuchtherapeuticagents 

aredescribedhereinbelow.  

[0151] Suitableroutesofadministrationincludebutarenotlimitedtooralintravenous, 

rectalaerosolparenteral, ophthalmicpulmonarytransmucosaltransdermalvaginalotic 

nasalandtopicaladministration.Inadditionbywayofexampleonlyparenteraldelivery 

includesintramuscularsubcutaneousintravenousintramedullaryinjectionsaswellas 

intrathecaldirect S 

intraventncularintraperitonealintralymphaticandintranasalinjections.  
[0152] IncertainembodimentsacompoundofFomiula(I),orapharmaceutically 

acceptablesaltisotopicformorstereoisomerthereofisadministeredinalocalratherthan 

systemicmannerforexampleviainjectionofthecompounddirectlyintoanorganoftenina 

depotpreparationorsustainedreleaseformulation.Inspecificembodimentslongacting 

formulationsareadministeredbyimplantation(forexamplesubcutaneouslyorintramuscularly) 

orbyintramuscularinjection.Furthermoreinotherembodimentsthedrugisdeliveredina 

Insuchembodimentstheliposomesaretargetedtoandtakenupselectivelybytheorgan.Inyet 

otherembodimentsthecompoundofFormula(I),orapharmaceuticallyacceptablesaltisotopic 

formorstereoisomerthereofisprovidedintheformofarapidreleaseformulationintheform 

ofanextendedreleaseformulationorintheformofanintermediatereleaseformulation.Inyet 

otherembodimentsthecompounddescribedhereinisadministeredtopically.  

[0153] ThecompoundsofFormula(I),orapharmaceuticallyacceptablesaltisotopicform 

orstereoisomerthereofareeffectiveoverawidedosagerange.Forexampleinthetreatmentof 

adulthumansdosagesfrom0.01to1000mgfrom0.5to100mgfrom1to50mgperdayand 

from5to40mgperdayareexamplesofdosagesthatareusedinsomeembodiments.An 

exemplarydosageis10to30mgperday.Theexactdosagewilldependupontherouteof 

administrationtheforminwhichthecompoundisadministeredthesubjecttobetreatedthe 
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bodyweightofthesubjecttobetreatedandthepreferenceandexperienceoftheattending 

physician.  

[0154] InsomeembodimentsacompoundofFormula(I),orapharmaceuticallyacceptable 

saltisotopicformorstereoisomerthereofisadministeredinasingledose.Typicallysuch 

administrationwillbebyinjectione.g., intravenousinjectioninordertointroducetheagent 

quickly.Howeverotherroutesareusedasappropriate.Asingledoseofacompoundofthe 

disclosuremayalsobeusedfortreatmentofanacutecondition(e.g., traumaticbraininjury).  

[0155] InsomeembodimentsacompoundofFormula(I),orapharmaceuticallyacceptable 

saltisotopicformorstereoisomerthereofisadministeredinmultipledoses.Insome 

embodimentsdosingisaboutoncetwicethreetimesfourtimesfivetimessixtimesormore 

thansixtimesperday.Inotherembodimentsdosingisaboutonceamonthonceeverytwo 

weeksonceaweekoronceeveryotherday.InanotherembodimentacompoundofFormula 

(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofandanother 

therapeuticagentareadministeredtogetheraboutonceperdaytoabout6timesperday.In 

anotherembodimenttheadministrationofacompoundofFomiula(I),orapharmaceutically 

acceptablesaltisotopicformorstereoisomerthereofandatherapeuticagentcontinuesforless 

thanabout7days.Inyetanotherembodimenttheadministrationcontinuesformorethanabout 

6,10,14,28daystwomonthssixmonthsoroneyear.Insomecasescontinuousdosingis 

achievedandmaintainedaslongasnecessary.  

[0156] AdministrationofthecompoundsofFormula(I),orapharmaceuticallyacceptable 

embodimentsacompoundofFormula(I),orapharmaceuticallyacceptablesaltisotopicform 

orstereoisomerthereofisadministeredformorethan1,2,3,4,5,6,7,14,or28days.Insome 

embodimentsacompoundofFormula(I),orapharmaceuticallyacceptablesaltisotopicform 

orstereoisomerthereofisadministeredforlessthan28,14,7,6,5,4,3,2,or1day.Insome 

embodimentsacompoundofFormula(I),orapharmaceuticallyacceptablesaltisotopicform 

orstereoisomerthereofisadministeredchronicallyonanongoingbasise.g., forthetreatment 

ofchroniceffects(e.g., dementia).  

[0157] InsomeembodimentsthecompoundofFormula(I),orapharmaceutically 

acceptablesaltisotopicformorstereoisomerthereofisadministeredindosages.Itisknownin 

theartthatduetointersubjectvariabilityincompoundpharmacokineticsindividualizationof 

dosingregimenisnecessaryforoptimaltherapy.Dosingforacompoundmaybefoundby 

routine S 

expenmentationinlightoftheinstantdisclosure.  
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[0158] InsomeembodimentsthecompoundsFormula(I),orapharmaceuticallyacceptable 

saltisotopicformorstereoisomerthereofareformulatedintopharmaceuticalcompositions.In 

specificembodimentspharmaceuticalcompositionsareformulatedinaconventionalmanner 
S 

usingoneormorephysiologicallyacceptablecamerscomprisingexcipientsandauxiliaries 

whichfacilitateprocessingoftheactivecompoundsintopreparationswhichcanbeused 

pharmaceutically.ProperfoiTnulationisdependentupontherouteofadministrationchosen.  

Anypharmaceuticallyacceptabletechniquescarriersandexcipientsareusedassuitableto 

formulatethepharmaceuticalcompositionsdescribedherein:Remington:TheScienceand 

PracticeofPharmacyNineteenthEd(Easton 9 MackPublishingCompany,1995)~Hoover 

JohnB3~ RemingtonsPharmaceuticalSciencesMackPublishingCo.,EastonPennsylvania 

1975;LibermanH.A.andLachmanL.,Eds PharmaceuticalDosageFormsMarcelDecker 

NewYorkN.Y.,1980andPharmaceuticalDosageFormsandDrugDeliverySystemsSeventh 

Ed.(LippincottWilliams&Wilkins1999).  

[0159] Providedhereinarepharmaceuticalcompositionscomprisingacompoundof 

Formula(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofanda 

pharmaceuticallyacceptablediluent(s),excipient(s),orcarrier(s).Alsoprovidedhereinare 

methodsforadministeringapharmaceuticalcompositioncomprisingacompoundofFormula 

(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofanda 

pharmaceuticallyacceptablediluent(s),excipient(s),orcarrier(s).  

[0160] Incertainembodimentsthecompoundsareadministeredaspharmaceutical 

compositionsinwhichcompoundsofFormula(I),orapharmaceuticallyacceptablesalt 

combinationtherapy.Encompassedhereinareallcombinationsofactiveingredientssetforthin 

themethodssectionbelowandthroughoutthisdisclosure.Inspecificembodimentsthe 

pharmaceuticalcompositionsincludeoneormorecompoundsofFormula(I),ora 

pharmaceuticallyacceptablesaltisotopicformorstereoisomerthereof 

[0161] Apharmaceuticalcompositionasusedhereinreferstoamixtureofacompoundof 

Formula(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofwith 

otherchemicalcomponentssuchas S 

camersstabilizersdiluentsdispersingagentssuspending 
agentsthickeningagentsand/orexcipients.Incertainembodimentsthepharmaceutical 

compositionfacilitatesadministrationofthecompoundtoanorganism.Insomeembodiments, 

practicingthemethodsoftreatmentoruseprovidedhereintherapeuticallyeffectiveamountsof 

compoundsofFormula(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomer 

thereofprovidedhereinareadministeredinapharmaceuticalcompositiontoamammalhaving 
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adiseasedisorderormedicalconditiontobetreated.Inspecificembodimentsthemammalisa 

human.Incertainembodimentstherapeuticallyeffectiveamountsvarydependingonthe 

severityofthediseasetheageandrelativehealthofthesubjectthepotencyofthecompound 

usedandotherfactors.Thecompoundsdescribedhereinareusedsinglyorincombinationwith 

oneormoretherapeuticagentsascomponentsofmixtures.  

[0162] InoneembodimentoneormorecompoundsofFomiula(I),orapharmaceutically 

acceptablesaltisotopicformorstereoisomerthereofareformulatedinanaqueoussolutions.In 

specificembodimentstheaqueoussolutionisselectedfrombywayofexampleonlya 

physiologicallycompatiblebuffersuchasHank'ssolutionRingerssolutionorphysiological 

salinebuffer.InotherembodimentsoneormorecompoundofFormula(I),ora 

pharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofareformulatedfor 

transmucosaladministration.Inspecificembodimentstransmucosalformulationsinclude 

penetrantsthatareappropriatetothebafflertobepermeated(e.g., theblood-brainbarrier).In 

stillotherembodimentswhereinthecompoundsdescribedhereinareformulatedforother 

parenteralinjections, appropriateformulationsincludeaqueousornon-aqueoussolutions.In 

specificembodimentssuchsolutionsincludephysiologicallycompatiblebuffersand/or 

recipients.  

[0163] InanotherembodimentcompoundsofFormula(I),orapharmaceuticallyacceptable 

saltisotopicformorstereoisomerthereofareformulatedfororaladministration.Compounds 

areformulatedbycombiningtheactivecompoundswith, e.g., pharmaceuticallyacceptable 

carriersorexcipients.InvariousembodimentsthecompoundsFormula(I),ora 

dosageformsthatincludebywayofexampleonlytabletspowderspillsdragees, capsules 

liquidsgelssyrupselixirsslurriessuspensionsandthelike.  

[0164] Incertainembodimentspharmaceuticalpreparationsfororaluseareobtainedby 

mixingoneormoresolidexcipientwithoneormoreofthecompoundsofFormula(I),ora 

pharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofoptionallygrindingthe 

resultingmixtureandprocessingthemixtureofgranulesafteraddingsuitableauxiliariesif 

desiredtoobtaintabletsordrageecores.Suitableexcipientsareinparticularfillerssuchas 

sugarsincludinglactosesucrosemannitolorsorbitol~cellulosepreparationssuchas:for 

examplemaizestarchwheatstarchricestarchpotatostarchgelatingumtragacanth, 

methylcellulosemicrocrystallinecellulose, hydroxypropylmethylcellulosesodium 

carboxymethylcelluloseorotherssuchas:polyvinylpyrrolidone(PVPorpovidone)orcalcium 

phosphate.Inspecificembodimentsdisintegratingagentsareoptionallyadded.Disintegrating 
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agentsincludebywayofexampleonlycross-linkedcroscarmellosesodium 

polyvinylpyrrolidoneagaroralginicacidorasaltthereofsuchassodiumalginate.  

[0165] Inoneembodimentdosageformssuchasdrageecoresandtabletsareprovided 

withoneormoresuitablecoating.Inspecificembodimentsconcentratedsugarsolutionsare 

usedforcoatingthedosageform.Thesugarsolutionsoptionallycontainadditionalcomponents, 

suchasbywayofexampleonlygumarabictalcpolyvinylpyrrolidonecarbopolgel, 

polyethyleneglycoland/ortitaniumdioxidelacquersolutionsandsuitableorganicsolventsor 

solventmixtures.Dyestuffsand/orpigmentsarealsooptionallyaddedtothecoatingsfor 

identificationpurposes.Additionallythedyestuffsand/orpigmentsareoptionallyutilizedto 

characterizedifferentcombinationsofactivecompounddoses.  

[0166] Incertainembodimentstherapeuticallyeffectiveamountsofatleastoneofthe 

compoundsFormula(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomer 

thereofareformulatedintootheroraldosageforms.Oraldosageformsincludepush-fit 

capsulesmadeofgelatinaswellassoftsealedcapsulesmadeofgelatinandaplasticizersuch 

asglycerolorsorbitol.Inspecificembodimentspush-fitcapsulescontaintheactiveingredients 

inadmixturewithoneormorefiller.Fillersincludebywayofexampleonlylactosebinders 

suchasstarchesand/orlubricantssuchastalcormagnesiumstearateand, optionallystabilizers.  

Inotherembodimentssoftcapsulescontainoneormoreactivecompoundthatisdissolvedor 

suspendedinasuitableliquid.Suitableliquidsincludebywayofexampleonlyoneormore 

fattyoilliquidparaffinorliquidpolyethyleneglycol.Inadditionstabilizersareoptionally 

[0167] Inotherembodimentstherapeuticallyeffectiveamountsofatleastoneofthe 

compoundsofFormula(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomer 

thereofdescribedhereinareformulatedforbuccalorsublingualadministration.Formulations 

suitableforbuccalorsublingualadministrationincludebywayofexampleonlytablets 

lozenges, orgels.InstillotherembodimentsthecompoundsofFormula(I),ora 

pharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofareformulatedfor 

parentalinjectionincludingformulationssuitableforbolusinjectionorcontinuousinfusion.In 

specificembodimentsformulationsforinjectionarepresentedinunitdosageform(e.g., in 

ampoules)orinmulti-dosecontainers.Preservativesare, optionallyaddedtotheinjection 

formulations.Instillotherembodimentsthepharmaceuticalcompositionsareformulatedina 

formsuitableforparenteralinjectionassterilesuspensionssolutionsoremulsionsinoilyor 

aqueousvehicles.Parenteralinjectionformulationsoptionallycontainformulatoryagentssuch 

assuspendingstabilizingand/ordispersingagents.Inspecificembodimentspharmaceutical 
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formulationsforparenteraladministrationincludeaqueoussolutionsoftheactivecompoundsin 

water-solublefonm Inadditionalembodimentsasuspensionofanactivecompoundor 

compounds(e.g., compoundsofFormula(I),orapharmaceuticallyacceptablesaltisotopic 

formorstereoisomerthereof,)arepreparedasappropriateoilyinjectionsuspensions.Suitable 

lipophilicsolventsorvehiclesforuseinthepharmaceuticalcompositionsdescribedherein 

includebywayofexampleonlyfattyoilssuchassesameoilorsyntheticfattyacidesterssuch 

asethyloleateortriglyceridesorliposomes.Incertainspecificembodiments, aqueousinjection 

suspensionscontainsubstanceswhichincreasetheviscosityofthesuspensionsuchassodium 

carboxymethylcellulosesorbitolordextran.Optionallythesuspensioncontainssuitable 

stabilizersoragentswhichincreasethesolubilityofthecompoundstoallowforthepreparation 

ofhighlyconcentratedsolutions.Alternativelyinotherembodimentstheactiveingredientisin 

powderformforconstitutionwithasuitablevehicle, e.g., sterilepyrogen-freewaterbeforeuse.  

[0168] InstillotherembodimentsthecompoundsofFormula(I),orapharmaceutically 

acceptablesaltisotopicformorstereoisomerthereofareadministeredtopically.The 

compoundsareformulatedintoavarietyoftopicallyadministrablecompositionssuchas 

solutionssuspensionslotionsgelspastesmedicatedsticksbalmscreamsorointments.Such 

pharmaceuticalcompositionsoptionallycontainsolubilizersstabilizers, tonicityenhancing 

agentsbuffersandpreservatives.  

[0169] InyetotherembodimentsthecompoundsofFormula(I),orapharmaceutically 

acceptablesaltisotopicformorstereoisomerthereofareformulatedfortransdermal 

administration.Inspecificembodimentstransdermalformulationsemploytransdermaldelivery 

solutionsdissolvedand/ordispersedinapolymeroranadhesive.Invariousembodimentssuch 

patchesareconstructedforcontinuouspulsatileorondemanddeliveryofpharmaceutical 

agents.InadditionalembodimentsthetransdermaldeliveryofthecompoundsofFormula(I),or 

apharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofisaccomplishedby 

meansofiontophoreticpatchesandthelike.Incertainembodimentstransdermalpatches 

providecontrolleddeliveryofthecompoundsofFormula(I),orapharmaceuticallyacceptable 

saltisotopicformorstereoisomerthereofInspecificembodimentstherateofabsorptionis 

slowedbyusingrate-controllingmembranesorbytrappingthecompoundwithinapolymer 

matrixorgel.Inalternativeembodimentsabsorptionenhancersareusedtoincreaseabsorption.  

Absorptionenhancersorcarriersincludeabsorbablepharmaceuticallyacceptablesolventsthat 

assistpassagethroughtheskin.Forexampleinoneembodimenttransdermaldevicesareinthe 

formofabandagecomprisingabackingmemberareservoircontainingthecompound 
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optionallywithcarriers, optionallyaratecontrollingbarriertodeliverthecompoundtotheskin 

ofthehostatacontrolledandpredeterminedrateoveraprolongedperiodoftimeandmeansto 

securethedevicetotheskin.  

[0170] InotherembodimentsthecompoundsofFormula(I),orapharmaceutically 

acceptablesaltisotopicformorstereoisomerthereofareformulatedforadministrationby 

inhalation.Variousfomuissuitableforadministrationbyinhalationincludebutarenotlimited 

toaerosolsmistsorpowders.PharmaceuticalcompositionsofanyofcompoundofFormula 

(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofare 

convenientlydeliveredintheformofanaerosolspraypresentationfrompressunzedpacksora 

nebulizerwiththeuseofasuitablepropellant(e.g., dichlorodifluoromethane 

trichiorofluoromethanedichlorotetrafluoroethanecarbondioxideorothersuitablegas).In 

specificembodimentsthedosageunitofapressurizedaerosolisdeterminedbyprovidinga 

valvetodeliverameteredamount.Incertainembodimentscapsulesandcartridgesofsuchas 

bywayofexampleonlygelatinforuseinaninhalerorinsufflatorisformulatedcontaininga 

powdermixofthecompoundandasuitablepowderbasesuchaslactoseorstarch.  

[0171] InstillotherembodimentsthecompoundsofFormula(I),orapharmaceutically 

acceptablesaltisotopicformorstereoisomerthereofareformulatedinrectalcompositions 

suchasenemasrectalgelsrectalfoamsrectalaerosolssuppositoriesjellysuppositoriesor 

retentionenemascontainingconventionalsuppositorybasessuchascocoabutterorother 

glyceridesaswellassyntheticpolymerssuchaspolyvinylpyrrolidonePEGandthelike.In 

suppositoryformsofthecompositionsalow-meltingwaxsuchasbutnotlimitedtoamixture 

[0172] Incertainembodimentspharmaceuticalcompositionsareformulatedinany 

conventionalmannerusingoneormorephysiologicallyacceptable S 

excipientsandauxiliarieswhichfacilitateprocessingoftheactivecompoundsintopreparations 

whichcanbeusedpharmaceutically.Properformulationisdependentupontherouteof 

administrationchosen.Anypharmaceuticallyacceptabletechniques S 

camersandexcipientsare 
optionallyusedassuitable.PharmaceuticalcompositionscomprisingacompoundofFormula 

(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofare 

manufacturedinaconventionalmannersuchasbywayofexampleonlybymeansof 

conventionalmixingdissolvinggranulatingdragee-makinglevigatingemulsifying, 

encapsulatingentrappingorcompressionprocesses.  
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[0173] Pharmaceuticalcompositionsincludeatleastonepharmaceuticallyacceptable 

carrierdiluentorexcipientandatleastonecompoundofFormula(I),orapharmaceutically 

acceptablesaltisotopicformorstereoisomerthereofdescribedhereinasanactiveingredient.  

Theactiveingredientisinfree-acidorfree-baseformorinapharmaceuticallyacceptablesalt 

form.Inadditionthemethodsandpharmaceuticalcompositionsdescribedhereinincludethe 

useofN-oxidescrystallineforms(alsoknownaspolymorphs),aswellasactivemetabolitesof 

thesecompoundshavingthesametypeofactivity.Alltautomersofthecompoundsdescribed 

hereinareincludedwithinthescopeofthecompoundspresentedherein.Additionallythe 

compoundsFormula(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomer 

thereofencompassunsolvatedaswellassolvatedformswithpharmaceuticallyacceptable 

solventssuchaswaterethanolandthelike.Thesolvatedformsofthecompoundspresented 

hereinarealsoconsideredtobedisclosedherein.Inadditionthepharmaceuticalcompositions 

optionallyincludeothermedicinalorpharmaceuticalagentscaters, adjuvantssuchas 

preservingstabilizingwettingoremulsifyingagentssolutionpromoterssaltsforregulatingthe 

osmoticpressurebuffersand/orothertherapeuticallyvaluablesubstances.  

[0174] MethodsforthepreparationofcompositionscomprisingthecompoundsofFormula 

(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofinclude 

formulatingthecompoundswithoneormoreinertpharmaceuticallyacceptableexcipientsor 

carrierstoformasolid S 

orliquid.Solidcompositionsincludebutarenotlimitedto 
powderstabletsdispersiblegranules, capsulescachetsandsuppositories.Liquidcompositions 

includesolutionsinwhichacompoundisdissolvedemulsionscomprisingacompoundora 

S 

(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofSemi-solid 

compositionsincludebutarenotlimitedtogelssuspensionsandcreams.Theformofthe 

pharmaceuticalcompositionsdescribedhereinincludeliquidsolutionsorsuspensionssolid 
formssuitableforsolutionorsuspensioninaliquid S 

pnortouseorasemulsions.These 

compositionsalsooptionallycontainminoramountsofnontoxicauxiliarysubstancessuchas 

wettingoremulsifyingagentspHbufferingagentsandsoforth.  

[0175] Insomeembodimentspharmaceuticalcompositioncomprisingatleastone 

compoundofFormula(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomer 

thereofillustrativelytakestheformofaliquidwheretheagentsarepresentinsolutionin 

suspensionorboth.Typicallywhenthecompositionisadministeredasasolutionorsuspension 

afirstportionoftheagentispresentinsolutionandasecondportionoftheagentispresentin 
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particulateforminsuspensioninaliquidmatrix.Insomeembodimentsaliquidcomposition 
includesagelformulation.Inotherembodimentstheliquidcompositionisaqueous.  

[0176] Incertainembodimentsusefulaqueoussuspensionscontainoneormorepolymersas 

suspendingagents.Usefulpolymersincludewater-solublepolymerssuchascellulosicpolymers 
S 

e.g., hydroxypropylmethylcelluloseandwater-insolublepolymerssuchascross-linked 
S 

carboxyl-containingpolymers.Certainpharmaceuticalcompositionsdescribedhereincompnse 

amucoadhesivepolymerselectedforexamplefromcarboxymethylcellulosecarbomer(acrylic 

acidpolymer),poly(methylmethacrylate),polyacrylamidepolycarbophilacrylicacid/butyl 

acrylatecopolymersodiumalginateanddextran.  

[0177] Usefulpharmaceuticalcompositionsalsooptionallyincludesolubilizingagentsto 

aidinthesolubilityofacompoundofFormula(I),orapharmaceuticallyacceptablesalt 
I, 

isotopicformorstereoisomerthereofThetermsolubilizingagent"generallyincludesagents 
thatresultinformationofamicellarsolutionoratruesolutionoftheagent.Certainacceptable 

nonionicsurfactantsforexamplepolysorbate80,areusefulassolubilizingagentsascan 

ophthalmicallyacceptableglycolspolyglycols, e.g.,polyethyleneglycol400,andglycolethers.  

[0178] FurthermoreusefulpharmaceuticalcompositionsoptionallyincludeoneormorepH 
adjustingagentsorbufferingagentsincludingacidssuchasaceticboriccitriclactic 

, , 

phosphoricandhydrochloricacids~basessuchassodiumhydroxidesodiumphosphatesodium 

boratesodiumcitratesodiumacetatesodiumlactateandtris-hydroxymethylaminomethane~ 

andbufferssuchascitrate/dextrosesodiumbicarbonateandammoniumchloride.Suchacids, 

acceptablerange.  

[0179] Additionallyusefulcompositionsalso, optionallyincludeoneormoresaltsinan 

amountrequiredtobringosmolalityofthecompositionintoanacceptablerange.Suchsalts 

includethosehavingsodiumpotassiumorammoniumcationsandchloride, citrateascorbate 

boratephosphatebicarbonatesulfatethiosulfateorbisulfiteanionssuitablesaltsinclude 

sodiumchloridepotassiumchloridesodiumthiosulfatesodiumbisulfiteandammonium 

sulfate.  

[0180] Otherusefulpharmaceuticalcompositionsoptionallyincludeoneormore 
S 

pre5ervativestoinhibitmicrobialactivity. Suitablepreservativesincludemercury-containing 

substancessuchasmerfenandthiomersal~stabilizedchlorinedioxideandquaternary 

ammoniumcompoundssuchasbenzalkoniumchloridecetyltrimethylammoniumbromideand 

cetylpyridiniumchloride.  
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[0181] Stillotherusefulcompositionsincludeoneormoresurfactantstoenhancephysical 

stabilityorforotherpurposes.Suitablenonionicsurfactantsincludepolyoxyethylenefattyacid 

glyceridesandvegetableoilse.g., polyoxyethylene(60)hydrogenatedcastoroiLand 

polyoxyethylenealkylethersandalkylphenylethers, e.g., octoxynol10octoxynol40.  

[0182] Stillotherusefulcompositionsincludeoneormoreantioxidantstoenhancechemical 

stabilitywhererequired.Suitableantioxidantsincludebywayofexampleonlyascorbicacid 

andsodiummetabisulfite.  

[0183] Incertainembodimentsaqueoussuspensioncompositionsarepackagedinsingle

dosenon-reclosablecontainers.Alternativelymultiple-dosereclosablecontainersareusedin 

whichcaseitistypicaltoincludeapreservativeinthecomposition.  

[0184] Inalternativeembodimentsotherdeliverysystemsforhydrophobicpharmaceutical 

compoundsareemployed.Liposomesandemulsionsareexamplesofdeliveryvehiclesor 

carriersusefulherein.IncertainembodimentsorganicsolventssuchasN-methylpyrrolidone 

arealsoemployed.InadditionalembodimentsthecompoundsofFormula(I),ora 

pharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofaredeliveredusinga 

sustained-releasesystemsuchassemipermeable S 

matricesofsolidhydrophobicpolymers 
containingthetherapeuticagent.Varioussustained-releasematerialsareusefulherein.Insome 

embodimentssustained-releasecapsulesreleasethecompoundsforafewweeksuptoover100 

days.Dependingonthechemicalnatureandthebiologicalstabilityofthetherapeuticreagent, 

additionalstrategiesforproteinstabilizationareemployed.  

antioxidantsmetalchelatingagentsthiolcontainingcompoundsand/orothergeneralstabilizing 

agents.Examplesofsuchstabilizingagentsincludebutarenotlimitedto:(a)about0.5%to 

about2%w/vglycerol,(b)about0.1%toabout1%w/vmethionine,(c)about0.1%toabout2% 

w/vmonothioglycerol,(d)about1mMtoabout10mMEDTA,(e)about0.01%toabout2% 

w/vascorbicacid,(f)0.003%toabout0.02%w/vpolysorbate80,(g)0.001%toabout0.05% 

w/v.polysorbate20,(h)arginine,(i) hepann,(j)dextransulfate,(k)cyclodextrins,(1)pentosan 

polysulfateandotherheparinoids,(in)divalentcationssuchasmagnesiumandzinvor(n) 

combinationsthereof.  

[0186] InsomeembodimentstheconcentrationofthecompoundofFormula(I)providedin 

thepharmaceuticalcompositionsofthepresentdisclosureislessthan100%,90%,80%,70%, 

60%,50%,40%,30%,20%,19%,18%,17%,16%,15%,14%,13%,12%,11%,10%,9%,8%, 

7%,6%,5%,4%,3%,2%,1%,0.5%,0.4%,0.3%,0.2%,0.1%,0.09%,0.08%,0.07%,0.06%, 
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0.05%,0.04%,0.03%,0.02%,0.01%,0.009%,0.008%,0.007%,0.006%,0.005%,0.004%, 

0.003%,0.002%,0.001%,0.0009%,0.0008%,0.0007%,0.0006%,0.0005%,0.0004%, 

0.0003%,0.0002%,or0.0001%wlwwlvorv/v.  

[0187] InsomeembodimentstheconcentrationofthecompoundofFormula(I)providedin 

thepharmaceuticalcompositionsofthepresentdisclosureisgreaterthan90%,80%,70%,60%, 

50%,40%,30%,20%,19.75%,19.50%,19.25%,19%,18.75%,18.50%,18.25%,18%, 

17.75%,17.50%,17.25%,17%,16.75%,16.50%,16.25%,16%,15.75%,15.50%,15.25%, 

15%,14.75%,14.50%,14.25%,14%,13.75%,13.50%,13.25%,13%,12.75%,12.50%, 

12.25%,12%,11.75%,11.50%,11.25%,11%,10.75%,10.50%,10.25%,10%,9.75%,9.50%, 

9.25%,9%,8.75%,8.50%,8.25%,8%,7.75%,7.50%,7.25%,7%,6.75%,6.50%,6.25%,6%, 

5.75%,5.50%,5.25%,5%,4.75%,4.50%,4.25%,4%,3.75%,3.50%,3.25%,3%,2.75%, 

2.50%,2.25%,2%,1.75%,1.50%,125%, 1%,0.5%,0.4%,0.3%,0.2%,0.1%,0.09%,0.08%, 

0.07%,0.06%,0.05%,0.04%,0.03%,0.02%,0.01%,0.009%,0.008%,0.007%,0.006%, 

0.005%,0.004%,0.003%,0.002%,0.001%,0.0009%,0.0008%,0.0007%,0.0006%,0.0005%, 

0.0004%,0.0003%,0.0002%,or0.0001%w/ww/vorv/v.  

[0188] InsomeembodimentstheconcentrationofthecompoundofFormula(I),ora 

pharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofprovidedinthe 

pharmaceuticalcompositionsrangesfromapproximately0.0001%toapproximately50%, 

approximately0.001%toapproximately40%,approximately0.01%toapproximately30%, 

approximately0.02%toapproximately29%,approximately0.03%toapproximately28%, 

approximately0.04%toapproximately27%,approximately0.05%toapproximately26%, 

approximately0.08%toapproximately23%,approximately0.09%toapproximately22%, 

approximately0.1%toapproximately21%,approximately0.2%toapproximately20%, 

approximately0.3%toapproximately19%,approximately0.4%toapproximately18%, 

approximately0.5%toapproximately17%,approximately0.6%toapproximately16%, 

approximately0.7%toapproximately15%,approximately0.8%toapproximately14%, 

approximately0.9%toapproximately12%,orapproximately1%toapproximately10%w/w, 

w/vorv/v.  

[0189] InsomeembodimentstheconcentrationofthecompoundofFormula(I),ora 

pharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofprovidedinthe 

pharmaceuticalcompositionsrangesfromapproximately0.001%toapproximately10%, 

approximately0.01%toapproximately5%,approximately0.02%toapproximately4.5%, 

approximately0.03%toapproximately4%,approximately0.04%toapproximately3.5%, 
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approximately0.05%toapproximately3%,approximately0.06%toapproximately2.5%, 

approximately0.07%toapproximately2%,approximately0.08%toapproximately135%, 

approximately0.09%toapproximately1%,orapproximately0.1%toapproximately0.9%wlw, 

w/vorv/v.  

[0190] InsomeembodimentstheamountthecompoundofFormula(I),ora 

pharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofprovidedinthe 

pharmaceuticalcompositionsisequaltoorlessthan10g,9.5g,9.0g,8.5g,8.0g,7.5g,7.0g, 

6.5g,6.0g,5.5g,5.0g,4.5g,4.0g,3.5g,3.0g,2.5g,2.0g,1.5g,1.0g,0.95g,0.9g,0.85g, 

0.8g,0.75g,0.7g,0.65g,0.6g,0.55g,0.5g,0.45g,0.4g,0.35g,0.3g,0.25g,0.2g,0.15g, 

0.1g,0.09g,0.08g,0.07g,0.06g,0.05g,0.04g,0.03g,0.02g,0.01g,0.009g,0.008g,0.007 

g,0.006g,0.005g,0.004g,0.003g,0.002g,0.001g,0.0009g,0.0008g,0.0007g,0.0006g, 

0.0005g,0.0004g,0.0003g,0.0002gor0.0001g.  

[0191] InsomeembodimentstheamountofthecompoundofFormula(I),ora 

pharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofprovidedinthe 

pharmaceuticalcompositionsofthepresentdisclosureismorethan0.0001g,0.0002g,0.0003 

g,0.0004g,0.0005g,0.0006g,0.0007g,0.0008g,0.0009g,0.001g,0.0015g,0.002g,0.0025 

g,0.003g,0.0035g,0.004g,0.0045g,0.005g,0.0055g,0.006g,0.0065g,0.007g,0.0075g, 

0.008g,0.0085g,0.009g,0.0095g,0.01g,0.015g,0.02g,0.025g,0.03g,0.035g,0.04g, 

0.045g,0.05g,0.055g,0.06g,0.065g,0.07g,0.075g,0.08g,0.085g,0.09g,0.095g,0.1g 

0.15g,0.2g,0.25g,0.3g,0.35g,0.4g,0.45g,0.5g,0.55g,0.6g,0.65g,0.7g,0.75g,0.8g, 

O.85gO.9gO.95glg,1.5g,2g,25g,3g,3.5g,4g,45g,5g,5.5g,6g,65g,7g,75g,8 

[0192] InsomeembodimentstheamountofthecompoundofFormula(I),ora 

pharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofprovidedinthe 

pharmaceuticalcompositionsrangesfrom0.0001-10g,0.0005-9g,0.001-8g,0.005-7g,0.01-6 

g,0.05-5g,0.1-4g,0.5-4gor1-3g.  

Kits/ArticlesofManufacture 

[0193] Foruseinthetherapeuticapplicationsdescribedhereinkitsandarticlesof 
manufacturearealsoprovided.Insomeembodimentssuchkits S 

compnseacamerpackageor 

containerthatiscompartmentalizedtoreceiveoneormorecontainerssuchasvialstubesand 

thelikeeachofthecontainer(s)comprisingoneoftheseparateelementstobeusedinamethod 

describedherein.Suitablecontainersincludeforexamplebottlesvialssyringesandtesttubes.  

Thecontainersareformedfromavarietyofmaterialssuchasglassorplastic.  
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[0194] Thearticlesofmanufactureprovidedhereincontainpackagingmaterials.Packaging 

materialsforuseinpackagingpharmaceuticalproductsincludethosefoundin, e.g.,U.S.Pat.  

Nos.5,323,907,5,052,558and5,033,252.Examplesofpharmaceuticalpackagingmaterials 

includebutarenotlimitedtoblisterpacksbottles, tubesinhalerspumpsbagsvials 

containerssyringesbottlesandanypackagingmaterialsuitableforaselectedformulationand 

intendedmodeofadministrationandtreatment.Forexamplethecontainer(s)includesoneor 

morecompoundsdescribedhereinoptionallyinacompositionorincombinationwithanother 

agentasdisclosedherein.Thecontainer(s)optionallyhaveasterileaccessport(forexamplethe 

containerisanintravenoussolutionbagoravialhavingastopperpierceablebyahypodermic 

injectionneedle).Suchkitsoptionallycompriseacompoundwithanidentifyingdescriptionor 

labelorinstructionsrelatingtoitsuseinthemethodsdescribedherein.  

[0195] Forexampleakittypicallyincludesoneormoreadditionalcontainerseachwith 
S 

oneormoreofvariousmaterials(suchasreagentsoptionallyinconcentratedformand/or 

devices)desirablefromacommercialanduserstandpointforuseofacompoundofFormula(I), 

orapharmaceuticallyacceptablesaltisotopicformorstereoisomerthereof.Non-limiting 

examplesofsuchmaterialsincludebutnotlimitedtobuffersdiluentsfiltersneedles 

syringescarrierpackagecontainervialand/ortubelabelslistingcontentsand/orinstructions 

foruseandpackageinsertswithinstructionsforuse.Asetofinstructionswillalsotypicallybe 

included.Alabelisoptionallyonorassociatedwiththecontainer.Forexamplealabelisona 

containerwhenlettersnumbersorothercharactersformingthelabelareattachedmoldedor 

etchedintothecontaineritselfalabelisassociatedwithacontainerwhenitispresentwithina 

usedtoindicatethatthecontentsaretobeusedforaspecifictherapeuticapplication.In 

additionthelabelindicatesdirectionsforuseofthecontentssuchasinthemethodsdescribed 

herein.Incertainembodimentsthepharmaceuticalcompositionsarepresentedinapackor 

dispenserdevicewhichcontainsoneormoreunitdosageformscontainingacompound 

providedherein.Thepackforexamplecontainsmetalorplasticfoilsuchasablisterpack.Or 

thepackordispenserdeviceisaccompaniedbyinstructionsforadministration.Orthepackor 

dispenserisaccompaniedwithanoticeassociatedwiththecontainerinformprescribedbya 

governmentalagencyregulatingthemanufactureuseorsaleofpharmaceuticalswhichnotice 

isreflectiveofapprovalbytheagencyoftheformofthedrugforhumanorveterinary 

administration.SuchnoticeforexampleisthelabelingapprovedbytheU.S.FoodandDrug 

Administrationforprescriptiondrugsortheapprovedproductinsert.Insomeembodiments, 

compositionscontainingacompoundofFormula(I),orapharmaceuticallyacceptablesalt 
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isotopicformorstereoisomerthereofformulatedinacompatiblepharmaceuticalcaterare 

preparedplacedinanappropriatecontainerandlabeledfortreatmentofanindicatedcondition.  

MethodsofUse/Treatments 

[0196] Embodimentsofthepresentdisclosureprovideamethodformodulatinghepatocyte 

growthfactorinasubjectinneedthereofthemethodcomprisingadministeringtothesubjectan 

effectiveamountofacompoundasdisclosedherein(e.g., acompoundofFormula(I),ora 

pharmaceuticallyacceptablesaltisotopicformorstereoisomerthereof).Insomeembodiments, 

acompounddescribedhereinactivateshepatocytegrowthfactor.Modulation(e.g.,inhibitionor 
S 

activation)ofhepatocytegrowthfactorcanbeassessedanddemonstratedbyawidevarietyof 

waysknownintheart.Kitsandcommerciallyavailableassayscanbeutilizedfordetermining 

whetherandtowhatdegreehepatocytegrowthfactorhasbeenmodulated(e.g., inhibitedor 

activated).  

[0197] InsomeembodimentsprovidedhereinarecompoundsofFormula(I),ora 

pharmaceuticallyacceptablesaltthereofforuseinmodulatinghepatocytegrowthfactorina 

subjectinneedthereofInsomeembodimentsprovidedhereinarecompoundsofFormula(I), 

orapharmaceuticallyacceptablesaltthereofforthemanufactureofamedicamentfor 

modulatinghepatocytegrowthfactorinasubjectinneedthereof.  

[0198] ApplicanthasdiscoveredthatthecompoundsFormula(I)showpromisingactivity 

relatedtocertaindiseasesofinterest.Accordinglyinoneaspectprovidedhereinisamethod 

administeringtothesubjectaneffectiveamountofacompoundofFormula(I),ora 

pharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofInsomeembodiments 

providedhereinisamethodforactivatinghepatocytegrowthfactorinasubjectinneedthereof 

themethodcomprisingadministeringtothesubjectaneffectiveamountofacompoundof 

Formula(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomerthereof 

[0199] Incertainmorespecificembodimentsthemodulatingcomprisestreatingadisease 

conditionorinjury(e.g., traumaticbraininjury).Bywayofnon-limitingexamplesthedisease 

conditionorinjuryincludesaneurodegenerativediseaseatraumaticbraininjurymemoryloss 

orfunctionspinalcordinjurysensorineuralhearinglossnervedamageandthelike.Insome 

embodimentsthediseaseconditionorinjuryisaneurodegenerativediseaseaspinalcord 

injuryatraumaticbraininjuryorsensorineuralhearingloss.  
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[0200] Inonemorespecificembodimentthediseaseconditionorinjuryisa 

neurodegenerativedisease.Forexampleinsomeembodimentstheneurodegenerativedisease 

isAlzheimersdiseasedementiaParkinsonsdiseaseHuntingtontsdiseaseoramyotrophic 

lateralsclerosis(ALS).Inonemorespecificembodimenttheneurodegenerativediseaseis 

Alzheimer'sdiseaseorParkinsonsdisease.  

[0201] Alsoprovidedhereinisamethodfortreatingorslowingprogressionofdementiaina 

subjectinneedthereofthemethodcomprisingadministeringtothesubjectaneffectiveamount 

ofacompoundofFormula(I),orapharmaceuticallyacceptablesaltisotopicformor 

stereoisomerthereof.InaspecificembodimentthedementiaisassociatedwithAlzheimers 

diseaseorParkinsonsdisease.  

[0202] Inafurtheraspectprovidedhereinisamethodforpreventingcognitivedysfunction 

inasubjectinneedthereofthemethodcomprisingadministeringtothesubjectaneffective 

amountofacompoundofFormula(I),orapharmaceuticallyacceptablesaltisotopicformor 

stereoisomerthereof.  

[0203] Stillanotherrelatedembodimentprovidesamethodfortreatingrepairingor 

preventingadiseaseconditionorinjuryrelatedtonervetissueinasubjectinneedthereofthe 

methodcomprisingadministeringtothesubjectaneffectiveamountofacompoundofFormula 

(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomerthereof 

[0204] Inotheraspectsprovidedhereinisamethodoftreatinganeuropsychiatrydiseaseor 

disorderthemethodcomprisingadministeringtoasubjectinneedthereofaneffectiveamount 

stereoisomerthereof.Non-limitingexamplesofneuropsychiatrydiseasesordisordersinclude 

withoutlimitationdepressionandanxiety.  

[0205] Infurtheraspectsprovidedhereinisamethodoftreatingadiseaseordisorderofthe 

centralnervoussystemthemethodcomprisingadministeringtoasubjectinneedthereofan 

effectiveamountofacompoundofFormula(I),orapharmaceuticallyacceptablesaltisotopic 

formorstereoisomerthereofInsomeembodimentsprovidedhereinisamethodofpreventing 

adiseaseordisorderofthecentralnervoussystemthemethodcomprisingadministeringtoa 

subjectinneedthereofaneffectiveamountofacompoundofFormula(I),orapharmaceutically 

acceptablesaltisotopicformorstereoisomerthereofAnon-limitingexampleofadiseaseor 

disorderofthecentralnervoussystemistraumaticbraininjury.  

[0206] Inyetotheraspectsprovidedhereinisamethodoftreatingadiseaseordisorderof 

theperipheralnervoussystemthemethodcomprisingadministeringtoasubjectinneedthereof 
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aneffectiveamountofacompoundofFormula(I),orapharmaceuticallyacceptablesalt, 

isotopicformorstereoisomerthereofInsomeembodimentsprovidedhereinisamethodof 

preventingadiseaseordisorderoftheperipheralnervoussystemthemethodcomprising 

administeringtoasubjectinneedthereofaneffectiveamountofacompoundofFormula(I),or 

apharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofAnon-limiting 

exampleofadiseaseordisorderoftheperipheralnervoussystemisneuropathicpain.  

[0207] Embodimentsofthemethodsdescribedabovecompriseadministeringtothe 

mammalatherapeuticallyeffectiveamountofacompoundofFormula(I),orapharmaceutically 

acceptablesaltisotopicformorstereoisomerthereofThemethodsdisclosedhereinare 

generallydirectedtoadministrationofcompoundsofFormula(I),orapharmaceutically 

acceptablesaltisotopicformorstereoisomerthereoftotreatprotectfromorreversedisease 

andinjuryassociatedwithnervecellsorthenervoussystem.Thatisembodimentsofthe 

presentdisclosurearedirectedtotreatmentpreventionorreversalofneurodegenerativediseases 

includingtreatmentofdementi&repairoftraumaticinjury~and/ortopreventcognitive 

dysfunction.  

[0208] Insomeembodimentsthedisclosureprovidesmethodsofmodulatingprotein 

activity(e.g., hepatocytegrowthfactor)insubjectincludingbutnotlimitedtorodentsand 

mammal(e.g., human)byadministeringintothesubjectaneffectiveamountofacompoundof 

Formula(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofIn 

someembodimentsmodulationofhepatocytegrowthfactorisactivationofhepatocytegrowth 

factor.Insomeembodimentsthepercentagemodulationexceeds25%,30%,40%,50%,60%, 

40%,50%,60%,70%,80%, 0r90%.  

[0209] Insomeembodimentsthedisclosureprovidesmethodsofmodulatinghepatocyte 

growthfactoractivityinacellbycontactingsaidcellwithanamountofacompoundofFormula 

(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofsufficientto 

modulatetheactivityofhepatocytegrowthfactor.Insomeembodimentsthedisclosure 

providesmethodsofmodulatinghepatocytegrowthfactoractivityinatissuebycontactingsaid 

tissuewithanamountofacompoundofFormula(I),orapharmaceuticallyacceptablesalt, 

isotopicformorstereoisomerthereofsufficienttomodulatetheactivityofhepatocytegrowth 

factorinthetissue.Insomeembodimentsthedisclosureprovidesmethodsofmodulating 

hepatocytegrowthfactoractivityinanorganismbycontactingsaidorganismwithanamountof 

acompoundofFormula(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomer 

thereofsufficienttomodulatetheactivityofhepatocytegrowthfactorintheorganism.Insome 
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embodimentsthedisclosureprovidesmethodsofmodulatinghepatocytegrowthfactoractivity 

inananimalbycontactingtheanimalwithanamountofacompoundofFormula(I),ora 

pharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofsufficienttomodulate 

theactivityofhepatocytegrowthfactorintheanimal. Insomeembodimentsthedisclosure 

providesmethodsofmodulatinghepatocytegrowthfactoractivityinamammalbycontacting 

themammalwithanamountofacompoundofFormula(I),orapharmaceuticallyacceptable 

saltisotopicformorstereoisomerthereofsufficienttomodulatetheactivityofhepatocyte 

growthfactorinthemammal.Insomeembodimentsthedisclosureprovidesmethodsof 

modulatinghepatocytegrowthfactoractivityinahumanbycontactingthehumanwithan 

amountofacompoundofFormula(I),orapharmaceuticallyacceptablesaltisotopicformor 

stereoisomerthereofsufficienttomodulatetheactivityofhepatocytegrowthfactorinthe 

human.Inotherembodimentsthepresentdisclosureprovidesmethodsoftreatingadisease 

mediatedbyhepatocytegrowthfactoractivityinasubjectinneedofsuchtreatment.Insome 

vanationsmodulationofhepatocytegrowthfactorbyacompoundofFormula(I),ora 

pharmaceuticallyacceptablesaltisotopicformorstereoisomerthereof, involvesactivationof 

hepatocytegrowthfactor.  

[0210] Otherembodimentsprovidemethodsforcombinationtherapiesinwhicha 

therapeuticagentknowntomodulateotherpathwaysorothercomponentsofthesamepathway, 

orevenoverlappingsetsoftargetenzymesareusedincombinationwithacompoundof 

Formula(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofIn 

oneaspectsuchtherapyincludesbutisnotlimitedtothecombinationofoneormore 

thereofwiththerapeuticagentstherapeuticantibodiesandotherformsoftreatmenttoprovide 

asynergisticoradditivetherapeuticeffect.  

[0211] Manytherapeuticagentsarepresentlyknownintheartandcanbeusedin 

combinationwiththecompoundsofFormula(I),orapharmaceuticallyacceptablesaltisotopic 

formorstereoisomerthereofInsomeembodimentsthetherapeuticagentisselectedfrom 

memantinecholinesteraseinhibitorsantidepressantsanxiolyticsand!orantipsychotic 

medicines.Someembodimentsincludeuseoftherapiesthatincludereminiscenttherapy, 
S 

cognitivestimulationtherapyrealityonentationtrainingphysicalactivityandthelike.  

[0212] Exemplarycholinesteraseinhibitorsmayincludedonepenzilgalantamineand 

rivastigminewhichhelptoslowthebreakdownofabrainchemicalinvolvedinmemoryand 

judgment.Memantinemayhelptocontroladifferentbrainchemicalneededforlearningand 

memory.Incertainaspectsmemantinemayalsobeusedwithdonepezilinacombinationdrug 
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formoderatetosevere S Antidepressantsmayincludebutarenotlimitedtoselective 

serotoninreuptakeinhibitors(SSRJs).Anxiolyticsmayincludebutarenotlimitedto 

lorazepam(Ativan)oroxazepam(Serax).Someembodimentsofthemethodsdescribedherein 

mayincludeuseoradministrationofantipsychoticmedicinessuchasaripiprazole(Abilify), 

haloperidol(Haldol),olanzapine(Zyprexa),andrisperidone(Risperdal).  

[0213] InsomeembodimentsthecompoundsofFomiula(I),orapharmaceutically 

acceptablesaltisotopicformorstereoisomerthereofareformulatedoradministeredin 
S S 

conjunctionwithliquidorsolidtissuebamersalsoknownaslubricants.Examplesoftissue 

barriersincludebutarenotlimitedtopolysaccharidespolyglycans, seprafilminterceedand 

hyaluronicacid.  

[0214] Insomeembodimentstherapeuticagentsthatareadministeredinconjunctionwith 

thecompoundsofFormula(I),orapharmaceuticallyacceptablesaltisotopicformor 

stereoisomerthereofincludeanysuitabletherapeuticagentusefullydeliveredbyinhalationfor 

exampleanalgesicse.g.codeinedihydromorphine, ergotaminefentanylormorphineanginal 

preparationse.g.diltiazemantiallergicse.g.cromoglycateketotifenornedocromikanti

infectivese.g.cephalosporinspenicillinsstreptomycinsulphonamidestetracyclinesor 
S 

pentamidineantihistaminese.g.methapyrileneanti-inflammatones, e.g.beclomethasone 

flunisolidebudesonidetipredanetriamcinoloneacetonideorfluticasoneantitussivese.g.  

noscapine;bronchodilatorse.g.ephedrineadrenaline, fenoterol, formoterolisoprenaline 
S 

metaproterenol, phenylephrine, phenylpropanolamine, pirbuterol, reproterolnmiterol, 

salbutamolsalmeterolterbutalinisoetharinetulobuterolorciprenalineor(-)-4-amino-3,5

amilorideanticholinergicse.g., ipratropiumatropineoroxitropium~hormonese.g., cortisone 

hydrocortisoneorprednisolone.xanthines, e.g., aminophyllinecholinetheophyllinatelysine 

theophyllinateortheophyllineandtherapeuticproteinsandpeptides, e.g.,insulinorglucagon.  

Itwillbecleartoapersonskilledintheartthatwhereappropriatethetherapeuticagentsare 

usedintheformofsalts(e.g., asalkalimetaloraminesaltsorasacidadditionsalts)orasesters 

(e.g., loweralkylesters)orassolvates(e.g., hydrates)tooptimizetheactivityand/orstabilityof 

thetherapeuticagent.  

[0215] FurthertherapeuticagentsthatcanbecombinedwithacompoundofFormula(I),or 

apharmaceuticallyacceptablesaltisotopicformorstereoisomerthereofarefoundin 

GoodmanandGilmansIThePharmacologicalBasisofTherapeutics"TenthEditioneditedby 

HardmanLimbirdandGilmanorthePhysician'sDeskReferencebothofwhichare 

incorporatedhereinbyreferenceintheirentirety.  
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dichloro-a-[[[6-[2-(2-pyridinyl)ethoxy]hexyl]- amino]methyl]benzenemethanol;diuretics, e.g.,
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[0216] ThecompoundsofFormula(I),orapharmaceuticallyacceptablesaltisotopicform 

orstereoisomerthereofcanbeusedincombinationwiththetherapeuticagentsdisclosedherein 

dependingontheconditionbeingtreated.Henceinsomeembodimentstheoneormore 

compoundsofFormula(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomer 

thereofwillbeco-administeredwithothertherapeuticagentsasdescribedabove.Whenusedin 

combinationtherapythecompoundsofFormula(I),orapharmaceuticallyacceptablesalt 

isotopicformorstereoisomerthereofareadministeredwiththesecondtherapeuticagent 

simultaneouslyorseparately.Thisadministrationincombinationcanincludesimultaneous 

administrationinthesamedosageformsimultaneousadministrationinseparatedosageforms 

andseparateadministration.ThatisacompoundofFormula(I),orapharmaceutically 

acceptablesaltisotopicformorstereoisomerthereofandanyofthetherapeuticagents 

describedabovecanbeformulatedtogetherinthesamedosageformandadministered 

simultaneously.AlternativelyacompoundofFormula(I),orapharmaceuticallyacceptablesalt, 

isotopicformorstereoisomerthereofandanyofthetherapeuticagentsdescribedabovecanbe 

simultaneouslyadministeredwhereinbotharepresentinseparateformulations.Inanother 

alternativeacompoundofFormula(I),orapharmaceuticallyacceptablesaltisotopicformor 

stereoisomerthereofcanbeadministeredjustfollowedbyandanyofthetherapeuticagents 

describedaboveorviceversa.Insomeembodimentsoftheseparateadministrationprotocola 

compoundofFormula(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomer 

thereofandanyofthetherapeuticagentsdescribedaboveareadministeredafewminutesapart, 

orafewhoursapartorafewdaysapart.  

compoundsofFormula(I),orapharmaceuticallyacceptablesaltisotopicformorstereoisomer 
S 

thereofandmethodsofpreparingsuchcompounds.Itistobeunderstoodthatthescopeofthe 

presentdisclosureisnotlimitedinanywaybythescopeofthefollowingexamplesand 

preparations.Inthefollowingexamplesandthroughoutthespecificationandclaimsmolecules 

withasinglestereocenterunlessotherwisenotedexistasaracemicmixture.Thosemolecules 

withtwoormorestereocentersunlessotherwisenotedexistasaracemicmixtureof 

diastereomers.Singleenantiomers/diastereomersmaybeobtainedbymethodsknowntothose 

skilledintheart.  
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[0217] Theexamplesandpreparationsprovidedbelowfurtherillustrateandexemplifythe
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EXAMPLES 

[0218] Thefollowingexampleareprovidedforexemplarypurposes.Methodsfor 

preparationofcompoundsofFormula(I),orapharmaceuticallyacceptablesaltisotopicform 

orstereoisomerthereofareprovidedhereinorcanbederivedbyoneofordinaryskillintheart.  

[0219] Theexamplesandpreparationsprovidedbelowfurtherillustrateandexemplifythe 

compoundsofthepresentdisclosureandmethodsfortestingsuchcompounds.Itistobe 

understoodthatthescopeofthepresentdisclosureisnotlimitedinanywaybythescopeofthe 

followingexamples.  

[0220] ThechemicalreactionsintheExamplesdescribedcanbereadilyadaptedtopreparea 

numberofothercompoundsdisclosedhereinandalternativemethodsforpreparingthe 

compoundsofthisdisclosurearedeemedtobewithinthescopeofthisdisclosure.Forexample, 

thesynthesisofnon-exemplifiedcompoundsaccordingtothepresentdisclosurecanbe 

performedbymodificationsapparenttothoseskilledintheartforexamplebyappropriately 

protectinginterferinggroupsbyutilizingothersuitablereagentsknownintheartotherthan 

thosedescribedorbymakingroutinemodificationofreactionconditionsreagentsandstarting 

materials.Alternativelyotherreactionsdisclosedhereinorknownintheartwillberecognized 

ashavingapplicabilityforpreparingothercompoundsofthepresentdisclosure.  

[0221] UnlessindicatedotherwiseinthefollowingExamplesthecompoundsareisolatedas 

aracemicmixture.  

Abbreviations 

AcOH:aceticacid 

CAN:cericammoniumnitrate 

DAST:diethylaminosulfurtrifluoride 

DCM:dichloromethane 

DJPEA:NN-diisopropylethylamine 

DMEM:DulbeccosModifiedEagleMedium 

DMF:dimethylformamide 

DMS0:dimethylsulfoxide 
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[0222] Thefollowingabbreviationsmayberelevantfortheapplication.
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EMEM:Eagle'sMinimumEssentialMedium 

EtOAc:ethylacetate 

EtOH:ethanol 

FBS:fetalbovineserum 

Fmoc:fluorenylmethoxycarbonyl 

HATU:(1- [bis(dimethylamino)methylene]- 1H-1,2,3-triazolo[4,5-b]pyridinium3-oxide 

hexafluorophosphate 

LC/MS:liquidchromatography-massspectrometry 

Me:methyl 

MeOH:methanol 

PBS:phosphatebufferedsaline 

S 

Plc-BH3:picolineborane 

PMB:para-methoxybenzylether 

PrepHPLC:preparativehighperformanceliquidchromatography 

AorRT:roomtemperature 

TFKtrifluoroaceticacid 

T3P:Propanephosphonicacidanhydride 

SyntheticExamples 

ExampleS1. Synthesisof(65)-6-methyl-8-(2-methylbutyl)hexahydro-41r1-pyrazino[1,2

a]pyrimidine-4,7(6H)-dione.Thesyntheticrouteforpreparingthisstartingmaterialcompound 

isshowninScheme1.  

65 

TLC:thinlayerchromatography
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Scheme.  
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[0223] Step1:Synthesisof(9H-fluoren-9-yl)methyl(25)-1-((2,2-dimethoxyethyl)(2

methylbutyl)amino)-1-oxopropan-2-ylcarbamate.Toastirredsolutionofcompound(S)-2

(((9H-fluoren-9-yl)methoxy)carbonylamino)propanoicacid(5.0g,16.07)indichioromethane 

(100mL)wasaddedT3P(15.2mL,24.1)andDJPEA(5.6mL,32.1mmol)atroomtemperature.  

methylbutan-1-amine(2.81g,32.1mmoL)wasaddedandstirringwascontinuedatroom 

temperaturefor8hours.ThereactionwasmonitoredbyTLC.Aftercompletionthereaction 

mixturewasquenchedwithicecoldwater(100mL)andextractedwithdichloromethane(2x 

100mL).ThecombinedorganiclayersweredriedoveranhydrousNa2SO4,filteredand 
concentratedunderreducedpressuretogivecrudecompound.Thecrudecompoundwaspurified 

byflashcolumnchromatography(100-200meshsilicagelelutedwith40%ethylacetatein 

petroleumether)toaffordpurecompound(9H-fluoren-9-yl)methyl(2S)-1-((2,2

dimethoxyethyl)(2-methylbutyl)amino)-1-oxopropan-2-ylcarbamate(5.2g,69.1%)asagummy 

compound.  

[0224] Step2:Synthesisof(25)-2-amino-N-(2,2-dimethoxyethyl)-N-(2

methylbutyl)propenamide.Toastirredsolutionof(9H-fluoren-9-yl)methyl(2S)-1-((2,2

dimethoxyethyl)(2-methylbutyl)amino)- 1-oxopropan-2-ylcarbamate(34.0g, 72.6mmol)in 

66 

Thereactionmixturewasstirredatroomtemperaturefor15mm andN-(2,2-dimethoxyethyl)-2-
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DMF(230mL)wasadded20%piperidineinDMF(70mL)at0 0C.Thereactionmixturewas 

stirredatroomtemperaturefor2hours.ThereactionwasmonitoredbyTLC.Aftercompletion 

ofthereactionexcessDMF(100mL)wasaddedthenwashedwithexcessn-hexane(3x200 

mL).TheDMFlayerwascollectedandpouredinicecoldwater(1000mL),thenextractedwith 

10%methanol-dichloromethane(3x500mL).Thecombinedorganiclayerswasdriedover 

anhydrousNa2SO4,filteredandconcentratedunderreducedpressuretogive(2S)-2-amino-N

(2,2-dimethoxyethyl)-N-(2-methylbutyl)propanamide(20.4g,68.4%)asagummysolid.  

[0225] Step3:Synthesisof(91r1-fluoren-9-yl)methyl3-((25)-1-((2,2-dimethoxyethyl)(2

methylbutyl)amino)-1-oxopropan-2-ylamino)-3-oxopropylcarbamate.Toastirredsolution 

of3-(((9H-fluoren-9-yl)methoxy)carbonylamino)propanoicacid(20.2gS1.2mmol)stirredin 

dichloromethaneatroomtemperature(500mL)wasaddedT3P(80mL,121.8mmol)and 

DJPEA(28.6mL,160.4mmol),andthemixturewasstirredfor10minutes.Tothis(2S)-2

amino-N-(2,2-dimethoxyethyl)-N-(2-methylbutyl)propanamide(25.5381.2mmol)wasadded 

andstirringwascontinuedatroomtemperaturefor16hours.Thereactionprogresswas 

monitoredbyTLC.Aftercompletionthereactionmixturewasquenchedwithwater(500mL) 

andthemixturewasextractedwithdichloromethane(2x500mL).Thecombinedorganiclayers 

weredriedoverNaZSO4,filteredandconcentratedunderreducedpressuretogivecrudeproduct.  

Thecrudecompoundwaspurifiedbyflashcolumnchromatography(100-200meshSilicagel, 

elutedwith70%ethylacetateinpetroleumether)toaffordpurecompound(9H-fluoren-9

yl)methyl3-((25)-1-((2,2-dimethoxyethyl)(2-methylbutyl)amino)-1-oxopropan-2-ylamino)-3

oxopropylcarbamate(21.2g,78.6%)asagummycompound.  

4,7-dioxooctahydro-1H-pyrazino[1,2-a]pyrimidine-1-carboxylate.Toastirredsolutionof 

(9H-fluoren-9-yl)methyl3-((25)-1-((2,2-dimethoxyethyl)(2-methylbutyl)amino)-1-oxopropan-2

ylamino)-3-oxopropylcarbamate(21.0g,38.9mmol)wasaddedformicacid(105mL).The 

reactionmixturewasstinedatroomtemperaturefor12hours.Thereactionprogresswas 

monitoredbyTLC.Aftercompletionthereactionmixturewasconcentratedunderreduced 

pressuretogivecrudecompound.Thecrudecompoundwastakenupinsaturatedaqueous 

NaHCO3(200mL)solutionthenextractedwithethylacetate(3x500mL).Thecombined 

organiclayerswerewashedwithbrinesolution(500mL),thenthecombinedorganiclayers 

weredriedoveranhydrousNa2SO4,filteredandconcentratedunderreducedpressure.Thecrude 

compoundwaspurifiedbyflashcolumnchromatography(100-200meshsilicagelelutedwith 

50%ethylacetateinpetroleumether)toaffordpurecompound(6S)-(9H-fluoren-9-yl)methyl6
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[0226] Step4:Synthesisof(65)-(9H-fluoren-9-yl)methyl6-methyl-8-(2-methylbutyl)-
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methyl-8-(2-methylbutyl)-4,7-dioxooctahydro-1H-pyrazino[1,2-a]pyrimidine-1-carboxylate(25 

g,69.0%)asagum.  

[0227] Step5:Synthesisof(65)-6-methyl-8-(2-methylbutyl)tetrahydro-1H

pyrazino[1,2-a]pyrimidine-4,7(6H,8H)-dione.Toastirredsolutionof(6S)-(9H-fluoren-9

yl)methyl6-methyl-S-(2-methylbutyl)-4,7-dioxooctahydro-1H-pyrazino[1,2-a]pyrimidine-1

carboxylate(14.0g,29.4mmol)at0 0 CinDMF(70mL)wasadded20%piperidineinDMF(30 

mL).Thereactionmixturewasallowedtowamitoroomtemperatureandstirredfor2hours.  

ThereactionwasmonitoredbyTLC.Aftercompleteconsumptionofstartingmaterial, 

additionalDMFwasadded(50mL),thenthemixturewaswashedwithexcessn-hexane(3x 

200mL).TheDMFlayerwaspouredintoicecoldwater(1000mL)andextractedwith10% 

methanol-dichloromethane(3x500mL).Thecombinedorganiclayersweredriedover 

anhydrousNa2SO4,filteredandconcentratedunderreducedpressuretoprovidethedesired 

crudecompound(6S)-6-methyl-8-(2-methylbutyl)tetrahydro-1H-pyrazino[1,2-a]pyrimidine

4,7(6HSH)-dione(6.25g,83.8%)asasolid.  

Example52.SynthesisofCompoundla.ThesyntheticrouteforpreparingCompoundlais 

showninScheme2.  

Scheme.  

CF3 

CF3 
H 
N OH 

0 RT,16h 

0 

Ia 

[0228] Toasolutionof4-(trifluoromethyl)benzoicacid(0.232g,0.91mmol)stinedin 

dichloromethane(20mL)atroomtemperaturewasaddedT3P(1.2mL,1.37mmol)andDJPEA 

(0.42mL,1.82mmol),andthemixturewasstirredfor15minutes.Tothis(6S)-6-methyl-8-(2

methylbutyl)tetrahydro-1H-pyrazino[1,2-a]pyrimidine-4,7(6HSH)-dione(0.310g,0.91mmol) 

wasaddedandstirringwascontinuedfor8hours.ThereactionprogresswasmonitoredbyTLC.  

Afterreactioncompletionthemixturewasquenchedwithwater(50mL)andextractedwith 

dichloromethane(2x50mL).ThecombinedorganiclayersweredriedoverNa2SO4,filtered 

andconcentratedunderreducedpressure.ThecrudecompoundwaspurifiedbyPrepHPLC.The 

purefractionswerecombinedandconcentratedunderreducedpressurethenlyophilizedto 

affordla(0.340g,65.3%)asasolid.PrepHPLCmethod:MobilephaseA:10mMammonium 
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acetonitrile 
bicarbonateinwateigMobilephaseB: , ColumwX-Selectphenylhexyl(150x 

mL/min.MS(ESI)rnlz[M+H]~:426.05.  
19mm5 k)~Flow:16 S 

ExampleS3.SynthesisofCompound2a.ThesyntheticrouteforpreparingCompound2ais 

showninScheme3.  

Scheme.  
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[0229] Toasolutionof4-(difluoromethoxy)benzoicacid(0.37g,1.968mmol)in 

dichloromethane(15mL)atroomtemperaturewasaddedDJPEA(0.8ml,5.904mmol)andT3P 

(2.0mL,3.936mmol).Themixturewasstirredfor30mmthen(65)-6-methyl-8-(2
S 

methylbutyl)hexahydro-4H-pyrazino[1,2-a]pynmidine-4,7(6H)-dione(0.4g,1.578mmol)was 

addedandstirringwascontinuedfor16hours.ProgressofthereactionwasmonitoredbyTLC 

andLC/MS.Thereactionmixturewasdilutedwithdichloromethane(100mL)andwashedwith 

water(50mL)andsaturatedsodiumchloridesolution(50mL),thendriedoversodiumsulfate, 

filteredandconcentratedunderreducedpressure.ThecrudeproductwaspurifiedbyPrep 

HPLC.Thepurefractionswerecollectedandlyophilizedtoafford2a(380mg46%)asasolid.  

9 Acetonitrile~Column:Kromosilphenyl(150x25mmlOk)~Flow:25mL/min.MS(ESI)rnlz 

Example54.SynthesisofCompound3a.ThesyntheticrouteforpreparingCompound3ais 

showninScheme4.  

Scheme.  
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PrepHPLCcondition:MobilephaseA:10mMammoniumbicarbonateinwategMobilephase
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[0230] Toasolutionof(6S)-6-methyl-8-(2-methylbutyl)tetrahydro-1H-pyrazino[1,2

a]pyrimidine-4,7(6H,8H)-dione(0.500g,1.97mmol)stirredinmethanol(20mL)atroom 

temperaturewasadded4-hydroxybenzaldehyde(0.289g,1.97mmol)andaceticacid(0.23mL 

3.95mmol).Thereactionmixturewasstirredatroomtemperaturefor5minutes.Tothis 

picolineborane(0.253g,2.37mmol)wasaddedandstirringwascontinuedfor48hr.The 

reactionprogresswasmonitoredbyTLC.Aftercompletionthereactionmixturewasquenched 

withicecoldwater(50mL),andthemixturewasextractedwith10%methanol

dichloromethane(3x40mL).ThecombinedorganiclayersweredriedoverNaZSO4,filtered 

andconcentratedunderreducedpressure.ThecrudecompoundwaspurifiedbyPrepHPLC.The 

purefractionswerecombinedandconcentratedunderreducedpressurethenlyophilizedtogive 

3a(0.180g,46.09%)asasolid.PrepHPLCMethod:MobilePhaseA:10mMammonium 

bicarbonateinwater~MobilePhaseB~Acetonitrile~Column:KromosilPhenyl(150x25mm 

lOk)~Flow:25mL/min.MS(ESI)rn/z[M+H]~:360.11.  

ExampleS5.SynthesisofCompound4a.ThesyntheticrouteforpreparingCompound4ais 

showninScheme5.  

Scheme.  
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[0231] Toasolutionof6-hydroxynicotinicacid(0.340g2.446mmol)inDMF(15mL)at 

roomtemperaturewasaddedDJPEA(1.30mL,7.338mmol)andHATU(1.39g,3.669mmol).  

Theresultingreactionmixturewasstirredfor30mm then(65)-6-methyl-8-(2
S 

methylbutyl)hexahydro-4H-pyrazino[1,2-a]pynmidine-4,7(6H)-dione(0.495g, 1.956mmol.) 

wasaddedandthemixturewasstirredfor16hours.Progressofthereactionwasmonitoredby 

TLCandLC/MS(TLC * 10%methanol/dichloromethaneRf:0.15,Detection:UV).The 

reactionmixturewasquenchedwithcoldwater(100mL)andextractedwith10% 

methanol/dichloromethane(3x100mL).Thecombinedorganiclayerswerewashedwithcold 

water(50mL)andcoldbrinesolution(50mL),driedoversodiumsulfatefilteredand 

concentratedunderreducedpressure.ThecrudeproductwaspurifiedbyPrepHPLC.Thepure 
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fractionswerecollectedandlyophulizedtoafford4a(160mg,21.8%)asasolid.PrepHPLC 

Method:MobilePhaseA:0.01mMammoniumbicarbonateinwaterMobilePhaseW 
S 

acetonitrile;Column:X-Selectphenylhexyl(150x19mm, 5 k);Flow:15mL/min.MS(ESI) 

mlz[M+H]~:375.05.  

ExampleS6.SynthesisofCompound5a.ThesyntheticrouteforpreparingCompound5ais 

showninScheme6.  

Scheme.  
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[0232] Toasolutionof(65)-6-methyl-8-(2-methylbutyl)tetrahydro-1H-pyrazino[1,2

a]pyrimidine-4,7(6H,8H)-dione(0.5g,1.97mmol)and1-(bromomethyl)-4

(trifluoromethyl)benzene(0.470g,1.97mmol)stirredinDMF(20mL)atroomtemperaturewas 

addedK2C03(0.546g,3.95mmol),andthemixturewasstirredfor8hr.Thereactionprogress 

wasmonitoredbyTLC.Aftercompletionthemixturewasquenchedwithwater(100mL)and 

filteredandconcentratedunderreducedpressure.ThecrudecompoundwaspurifiedbyPrep 

HPLC.Thepurefractionswerecombinedandconcentratedunderreducedpressurethen 

lyophilizedtoafford5a(0.270g,63.8%)asagum.PrepHPLCMethod:MobilePhaseA:10 

mMammoniumbicarbonateinwater~MobilePhaseB9 Acetonitrile~Column:KromosilCis 

(150x25mmlOk);Flow:25mL/min.MS(ESI)rnlz[M+H]~:412.2.  

Example57.SynthesisofCompound6a.ThesyntheticrouteforpreparingCompound6ais 

showninScheme7.  

Scheme.  
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extractedwithethylacetate(3x50mL).ThecombinedorganiclayersweredriedoverNa2SO4,
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[0233] Toasolutionof(6S)-6-methyl-8-(2-methylbutyl)tetrahydro-1H-pyrazino[1,2

a]pyrimidine-4,7(6H,8H)-dione(0.500g,1.97mmol)and1-(bromomethyl)-4

(difluoromethoxy)benzene(0.466g,1.97mmol)stirredinDMF(20mL)atroomtemperature 

wasaddedK2C03(0.546g,9.95mmol).Thereactionmixturewasstirredatroomtemperature 

for18hr.ThereactionprogresswasmonitoredbyTLC. Aftercompletionthereactionmixture 

wasquenchedwithwater(100mL)andextractedwithethylacetate(3x50mL). Thecombined 

organiclayersweredriedoverNa2SO4,filteredandconcentratedunderreducedpressure.The 

crudecompoundwaspurifiedbyPrepHPLC.Thepurefractionswerecombinedand 

concentratedunderreducedpressurethenlyophilizedtoafford6a(0.178g,41.5%)asa S 

solid.PrepHPLCMethod:MobilePhaseA:10mMammoniumbicarbonateinwaterMobile 

PhaseB:acetonitrile;Column:X-SelectCix(250x19mm, 5 k);Flow:18mL/min.MS(ESI) 

ExampleS8.SynthesisofCompound7a.ThesyntheticrouteforpreparingCompound7ais 

Scheme.  
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[0234] Toasolutionofcompound(65)-6-methyl-8-(2-methylbutyl)tetrahydro-1H

pyrazino[1,2-a]pyrimidine-4,7(6H,8H)-dione(0.500g,1.97mmol)stirredinmethanol(20mL) 

atroomtemperaturewasadded6-hydroxynicotinaldehyde(0.243g,1.97mmol)andaceticacid 

(0.25mL,3.95mmol),andthemixturewasstirredfor5mm.Tothispicolineborane(0.318g, 

2.96mmol)wasaddedandstirringwascontinuedfor96hours.Thereactionprogresswas 
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showninScheme8.
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monitoredbyTLC.Aftercompletionthereactionmixturewasquenchedwithicecoldwater(50 

mL)andextractedwith10%methanol-dichloromethane(3x40mL).Thecombinedorganic 

layersweredriedoverNa2SO4,filteredandconcentratedunderreducedpressure.Thecrude 

compoundwaspurifiedbyPrepHPLC.Thepurefractionswerecollectedandconcentrated 

underreducedpressurethenlyophilizedtoafford7a(0.164g,42%)asasolid.PrepHPLC 

Method:MobilePhaseA:10mMammoniumbicarbonateinwaterMobilePhaseB: 

acetonitrile~Column:X-BRJDGECix(250x19mmSu)~Flow:18mL/min.MS(ESI)mlz 

ExampleS9.SynthesisofCompound8a.ThesyntheticrouteforpreparingCompound8ais 

showninScheme9.  

Scheme.  
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[0235] Step1:Synthesisof(65)-1-(4-(benzyloxy)benzoyl)-6-methyl-8-(2

methylbutyl)hexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6H)-dione.Toasolutionof4

(benzyloxy)benzoicacid(0.360g,1.42mmol)stirredindichloromethane(20mL)atroom 

temperaturewasaddedT3P(1.2mL,1.7mmol)andDJPEA(0.55mL,2.84mmol),andthe 

mixturewasstirredfor15mm.Tothis(65)-6-methyl-8-(2-methylbutyl)tetrahydro-1H

pyrazino[1,2-a]pyrimidine-4,7(6HSH)-dione(0.400g,1.42mmol)wasaddedandstiningwas 

continuedatroomtemperaturefor16hours.ThereactionprogresswasmonitoredbyTLC.After 

completionthereactionmixturewasquenchedwithwater(50mL)andextractedwith 

dichloromethane(2x50mL).ThecombinedorganiclayersweredriedoverNa2SO4,filtered 
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andconcentratedunderreducedpressuretogive0.9gofcrudematerial.Analysisofthecrude 

materialbyLC/MSshowed54.59%ofthedesiredproduct.Thecrudematerialwasusedinthe 

nextstepwithoutpurification.  

[0236] Step2:SynthesisofCompound8a.Toasolutionof(6S)-1-(4

(benzyloxy)benzoyl)-6-methyl-8- (2-methylbutyl)tetrahydro- 1H-pyrazino[1,2-a]pyrimidine

4,7(6HSH)-dione(0.900g)stirredinmethanol(20mL)atroomtemperaturewasadded10% 

Pd-C(0.200g),underN2atmosphere.Thereactionmixturewasstirredatroomtemperature 

underanH2balloonfor8hr.ThereactionprogresswasmonitoredbyTLC.Aftercompletion 

thereactionmixturewasfilteredthroughCeliteandevaporatedunderreducedpressuretoafford 

thecrudecompound.Thecrudecompoundwasdissolvedindichloromethane(50mL),washed 

withaqueousNaHCO3solution(20mL)andbrinesolution(20mL).Thefiltratewasdriedover 

Na2SO4,filteredandconcentratedunderreducedpressure.Thecrudecompoundwastriturated 

withdiethylethertoafford8a(0.330g,82%)asasolid.MS(ESI)mlz[M+H]~:374.11.  

Example510.SynthesisofCompound9.ThesyntheticrouteforpreparingCompound9is 

showninScheme10.  

Scheme10.  
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[0237] Step1:Synthesisof(9H-fluoren-9-yl)methyl2-(sec-butyl(2,2

dimethoxyethyl)amino)-2-oxoethylcarbamate.Toastinedsolutionof2-(((9H-fluoren-9
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yl)methoxy)carbonylamino)aceticacid(10g,33.6mmol)indichioromethane(100mL),cooled 

to00 CwereaddedDJPEA(11.88mL,67.3mmol),N-(2,2-dimethoxyethyl)butan-2-amine 

(10.84g,67.3mmol)andT3P(53.0mL,84.1mmol),andthereactionmixturewasstirredfor16 

hoursatroomtemperature.ReactionprogresswasmonitoredbyTLC.Aftercompletionofthe 

reactionicecoldwater(100mL)wasaddedandextractedwithethylacetate(2x150mL). The 

combinedorganiclayersweredriedoveranhydrousNa2SO4,filteredandconcentratedunder 

reducedpressuretoobtainthedesiredcrudeproduct.Thecrudecompoundwaspurifiedbyflash 

columnchromatography(100-200meshsilicagel)andelutedwith20-25%ethylacetatein 

petroleumethertoafford(9H-fluoren-9-yl)methyl2-(sec-butyl(2,2-dimethoxyethyl)amino)-2

oxoethylcarbamate(10.8g,72.9%)asasolid.  

[0238] Step2:Synthesisof2-amino-N-sec-butyl-N-(2,2-dimethoxyethyl)acetamide.To 

asolutionof(9H-fluoren-9-yl)methyl2-(sec-butyl(2,2-dimethoxyethyl)amino)-2

oxoethylcarbamate(10.8g,24.5mmol)inDMF(20mL),cooledto0 0 Cwasaddedpiperidine 

(2.4mL)andthereactionmixturewasstirredatroomtemperaturefor2hours.Progressofthe 

reactionwasmonitoredbyTLC.AfterTLCindicatedcompleteconsumptionofstarting 

materialthereactionmixturewasdilutedwithpetroleumether(2x100mL),thenwaterwas 

addedandthemixturewasseparated.Theaqueouslayerwasextractedwithdichloromethane(2 

x150mL).ThecombinedorganiclayersweredriedoveranhydrousNa2SO4,filteredand 

concentratedunderreducedpressuretoobtainthedesiredpureproduct2-amino-N-sec-butyl-N

(2,2-dimethoxyethyl)acetamide(3.6g,67.2%)asasolid.  

[0239] Step3:Synthesisof(9H-fluoren-9-yl)methyl-3-(2-(sec-butyl(2,2

amino-N-sec-butyl-N-(2,2-dimethoxyethyl)acetamide(3.6g,16.5mmol)indichloromethane 

(40mL)wereaddedDJPEA(31.91mL,49.5mmol),3-(((9H-fluoren-9

yl)methoxy)carbonylamino)propanoicacid(5.14g,16.5mmol)andT3P(39.13g,33mmol)at0 

OC.Thereactionmixturewasstirredatroomtemperaturefor16hours.Progressofthereaction 

wasmonitoredbyTLC.Aftercompletionofthereactionthereactionwater(100mL)was 

addedandtheorganicphasewasseparated.Theaqueousphasewasextractedwith 

dichloromethane(2x150mL).ThecombinedorganiclayersweredriedoverNaZSO4,filtered 

andconcentratedunderreducedpressuretogivethecrudeproduct.Thecrudeproductwas 

purifiedbycolumnchromatographyusingsilica(230-400mesh~23-25%ethyl 

acetate/petroleumetheraseluent).Collectedpurefractionswereconcentratedunderreduced 

pressuretogive(9H-fluoren-9-yl)methyl-3-(2-(sec-butyl(2,2-dimethoxyethyl)amino)-2

oxoethylamino)-3-oxopropylcarbamate(4.1g,48.6%)asagum.  
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dimethoxyethyl)amino)-2-oxoethylamino)-3-oxopropylcarbamate.Toastirredsolutionof2-
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[0240] Step4:Synthesisof(91r1-fluoren-9-yl)methyl8-sec-butyl-4,7-dioxooctahydro-1H

pyrazino[1,2-a]pyrimidine-1-carboxylate.Toasolutionof(9H-fluoren-9-yl)methyl-3-(2

(sec-butyl(2,2-dimethoxyethyl)amino)-2-oxoethylamino)-3-oxopropylcarbamate(4. 1g, S.01 

mmol)inaceticacid(2mL)wasstirredfor16hoursatroomtemperature.Progressofthe 

reactionwasmonitoredbyTLC.AfterTLCindicatedcompleteconsumptionofthestarting 

materialthereactionmixturewasconcentratedandtheresultingmasswasdilutedwithwater 

andextractedwithdichioromethane(2x100mL).Thecombinedorganiclayersweredriedover 

Na2SO4,filteredandconcentratedunderreducedpressuretogivetheproduct(9H-fluoren-9

yl)methyl8- sec-butyl-4,7-dioxooctahydro-1H-pyrazino[1,2-a]pyrimidine-1-carboxylate. (3.2g, 

89.3%)asagum.  

[0241] Step5:Synthesisof8-sec-butyltetrahydro-1H-pyrazino[1,2-a]pyrimidine

4,7(6H,8H)-dione.Toasolutionof(9H-fluoren-9-yl)methyl8-sec-butyl-4,7-dioxooctahydro

1H-pyrazino[1,2-a]pyrimidine-1-carboxylate(3.2g,7.1mmol)inDMF(20mL),cooledto0 0 C, 

wasaddedpiperidine(0.7mL,1.0eq)andthereactionmixturewasstirredatroomtemperature 

for2hours.ProgressofthereactionwasmonitoredbyTLC.AfterTLCindicatedcomplete 

consumptionofstartingmaterialthereactionmixturewaswashedwithpetroleumether(2x50 

mL)toremovethenon-polarimpurities.Coldwaterwasaddedandextractedwith 

dichloromethane(2x100mL).ThecombinedorganiclayersweredriedoverNa2SO4,filtered 

andconcentratedunderreducedpressuretogivethepureproduct8-sec-butyltetrahydro-1H

pyrazino[1,2-a]pyrimidine-4,7(6HSH)-dione(900mg,55.9%)asasolid.  

[0242] Step6:SynthesisofCompound9.Toastirredsolutionof(8-(sec-butyl)hexahydro

(0.271g,2.2mmol)inmethanol(10mL)wasaddedaceticacid(0.27mL,2.0eq.)andpicoline 

borane(0.285g,2.6mmol)atroomtemperature.Thereactionmixturewasstirredatroom 

temperaturefor48hr.ThereactionprogresswasmonitoredbyTLC.Aftercompletionthe 

reactionmixturewasquenchedwithicecoldwater(10mL)andextractedwithethylacetate(2x 

20mL).ThecombinedorganiclayersweredriedoverNa2SO4,filteredandconcentratedunder 

reducedpressuretogivecrudeproduct.ThecrudecompoundwasanalyzedbyLC/MS. The 

crudeLC/MSdatashowed8.28%desiredmass.Thecrudecompoundwaspurifiedbycolumn 

chromatographyoversilicagel(100-200),and50-70%ethylacetateinpetroleumethereluted 

thedesiredcompound.TheLC/MSoftheelutedfractionsshowed72.16%desiredmasswhich 

wasfurtherpurifiedbyPrepHPLC.AfterPrepHPLCpurificationthefractionswerecollected 

andconcentratedunderreducedpressurethenlyophilizedtoafford9(0.168g,22.8%)asa 

solid.PrepHPLCMethod:MobilePhaseA:10mMammoniumbicarbonateinwater~Mobile 
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mL/min.MS(ESI) 
PhaseB:acetonitri1e~Column:X-BRIDGECix(150x19mm 5 k)~Flow:18 S 

rnlz[M+H]~:332.2.  

ExampleSli.SynthesisofCompound10.ThesyntheticrouteforpreparingCompound10is 

showninScheme11.  

Scheme11.  
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[0243] Toasolutionof6-methyl-8- (2-methylbutyl)hexahydro-4H-pyrazino[1,2

a]pyrimidine-4,7(6H)-dione(250mg,0.98mmol)and4-chlorobenzoicacid(170mg,1.09 

mmol)inDMF(4mL)at0 0 CwasaddedHATU(413mg,1.OSmmol)followedbyDJPEA 

(0.35mL,1.97mmol).Thereactionmixturewasstirredatroomtemperaturefor12h.After 

completionthereactionmixturewasquenchedwithicecoldwater(50mL)andtheaqueous 

layerwasextractedwithEtOAc(50mLx2).TheorganiclayerwaswashedwithcoldH20(30 

mL)followedbysaturatedbrine(30mL),driedoverNa2SO4andconcentratedunderreduced 

pressure.Thecrudeobtainedwaspurifiedbycolumnchromatography(Silica100-200mesh; 

4H-pyrazino[1,2-a]pyrimidine-4,7(6H)-dione10(150mg,0.383mmol,39.2%yield)asasolid.  

MS(ESI)mlz[M+H]~:392.05. 1 HNMR(400MHzDMSO-d6)60.66- 0.89(in,6H)0.91

1.42(in,4H)1.57- 1.78(in,1H)2.16- 2.35(in,2H)2.55-2.65(in,2H)3.08-3.23(in,2H) 

3.28-3.40(in,1H)3.51-3.64(in,2H)4.76-4.89(in,1H)5.88-6.02(in,1H)7.46-7.56(in,4H).  

Example512.SynthesisofCompound11.ThesyntheticrouteforpreparingCompound11is 

showninScheme12.  
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Scheme12.  
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[0244] Toasolutionof6-methyl-S- (2-methylbutyl)hexahydro-4H-pyrazino[1,2

a]pyrimidine-4,7(6H)-dione(250mgO.9Smmol)and4-fluorobenzoicacid(153mg,1.09mmol) 

inDMF(4mL)at0 0 CwasaddedHATU(413mg,1.O8mmol)followedbyDJPEA(0.35mL 

1.97mmol).Thereactionmixturewasstinedatroomtemperaturefor12h.Aftercompletionthe 

reactionmixturewasquenchedwithicecoldwater(50mL)andtheaqueouslayerwasextracted 

withEtOAc(50mLx2).TheorganiclayerwaswashedwithcoldH20(30mL)followedby 

saturatedbrine(30mL),driedoverNa2SO4andconcentratedunderreducedpressure.Thecrude 

obtainedwaspurifiedbycolumnchromatography(Silica100-200mesW30%EtOAcin 

hexanes)toafford1-(4-fluorobenzoyl)- 6-methyl-8- (2-methylbutyl)hexahydro-4H-pyrazino[1,2

a]pyrimidine-4,7(6H)-dione11(140mg,0.37mmol,38.0%yield)asasolid.MS(ESI)mlz 

[M+H]~:376.05. 1 HNMR(400MHzDMSO-d6)60.69- 0.81(in,3H)0.86(tJ7.23Hz,3H) 

0.95-1.14(m,2H)1.20-1.43(m,4H)1.59-1.80(m,2H)2.26(dJ16.95Hz1H)2.55

2.72(in,1H)3.20- 3.31(in,2H)3.35- 3.39(in,1H)3.52- 3.70(in,2H)4.73- 4.89(in,1 

Example513.SynthesisofCompound12.ThesyntheticrouteforpreparingCompound12is 

showninScheme13.  

Scheme13.  
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[0245] Toasolutionof6-methyl-8- (2-methylbutyl)hexahydro-4H-pyrazino[1,2

a]pyrimidine-4,7(6H)-dione(250ing,0.98inmol)and3-chloro-4-(trifluoromethyl)benzoicacid 
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H)7.33(tJ8.73Hz, 2H)7.61(ddJ8.23,5.73Hz,2H).
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(242mg,1.09mmol)inDMF(4mL)at0 0 CwasaddedHATU(413mg,1.08mmol)followed 

byDJPEA(O.3SmL,1.97mmol).Thereactionmixturewasstirredatroomtemperaturefor12h.  

Aftercompletionthereactionmixturewasquenchedwithicecoldwater(50mL)andthe 

aqueouslayerwasextractedwithEtOAc(50mLx2).Theorganiclayerwaswashedwithcold 

HzO(30mL)followedbysaturatedbrine(30mL),driedoverNa2SO4andconcentratedunder 

reducedpressure.Thecrudeobtainedwaspurifiedbycolumnchromatography(Silica100-200 

mesh~30%EtOAcinhexanes)toafford1- (3-chloro-4-(trifluoromethyl)benzoyl)-6-methyl-8-(2
e 

methylbutyl)hexahydro-4H-pyrazino[1,2-a]pynmidine-4,7(6H)-dione12(250mg,0.55mmol, 

55.2%yield)asasolid.MS(ESI)m/z[M+H]~:460.0. 1 HNMR(400MHzDMSO-d6)60.74 

0.93(m,6H)0.98-1.19(m,2H)1.28-1.46(m,3H)1.64-1.81(m,1H)2.22(dJ17.45Hz 

1H)2.57-2.70(m,1H)3.14(ddJ13.21,6.23Hz1H)3.25-3.31(m,2H)3.44-3.57(m,1 

H)3.61- 3.87(in,2H)4.78- 4.90(in,1H)5.89- 6.05(in,1H)7.72(dJ7.98Hz1H)7.90

8.02(in,2H).  

ExampleS14.SynthesisofIntermediateCompound8-(4-methoxybenzyl)-6

methyihexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6H)-dione.Thesyntheticroutefor 

preparingthisintermediatecompoundisshowninScheme14.  

Scheme14.  
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[0246] Step1:Synthesisof2,2-diethoxy-N-(4-methoxybenzyl)ethan-1-amine.A500mL 

roundbottomflaskwaschargedwithanisaldehyde(12mL,90.22minol)and2,2

diethoxyethanamine(10g,75.18minol).Thereactionmixturewasheatedat100 0 Cfor1h.The 

reactionmixturewasallowedtocoolatroomtemperatureandtothiswasaddedEtOH(100mL) 

followedbyNaBH4(4.28g,112.7minol).Theresultingreactionmixturewasstirredatroom 
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Step2
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temperaturefor16h.Aftercompleteconsumptionofstartingmaterial(monitoredbyTLC),the 

reactionmixturewasconcentratedunderreducedvacuum.Thecrudeobtainedwasdissolvedin 

EtOAc(300mL).Theorganiclayerwaswashedwithbrine(100mL),driedoverNa2SO4and 

concentratedundervacuumtogivecrudeproduct.Thecrudeproductobtainedwaspurifiedby 

columnchromatography(silica100-200mesh~70%EtOAcinhexanes)toobtain2,2-diethoxy

N-(4-methoxybenzyl)ethan-1-amine(15g,59.28mmol,78%yield)asaliquid.MS(ESI)mlz 

[M+H]~:254.3.  

[0247] Step2:(9H-fluoren-9-yl)methyl(1-((2,2-diethoxyethyl)(4

methoxybenzyl)amino)-1-oxopropan-2-yl)carbamate.Toastirredsolutionof(((9H-fluoren

9-yl)methoxy)carbonyl)alanine(32g,102.76mmol)indryDMF(140mL)maintainedat0 0 C 

wasaddedHATU(42g,110.67mmol),DJPEA(21.06mL,118.57mmol),followedby2,2

diethoxy-N-(4-methoxybenzyl)ethan-1-amine(20g,79.05mmol).Thereactionmixturewas 

stirredatroomtemperaturefor16h.Aftercompleteconsumptionofstartingmaterialthe 

reactionmixturewasquenchedwithicecoldwater(300mL)andtheaqueouslayerwas 

extractedwithEtOAc(200mLx2).TheorganiclayerwaswashedwithcoldH20(200mL) 

followedbybrine(lOOmL),driedoverNa2SO4andconcentratedunderreducedpressuretogive 

crudeproduct.Thecrudeobtainedwaspurifiedbycolumnchromatography(Silica100-200 

mesh;50%EtOAcinhexanes)toafford(9H-fluoren-9-yl)methyl(1-((2,2-diethoxyethyl)(4

methoxybenzyl)amino)-1-oxopropan-2-yl)carbamate(28g,51.22mmol,64.8%yield)asa 

gummy1~qu~d.MS(ESI)mlz[M+H-EtOH]~:501.2.  

[0248] Step3:Synthesisof2-amino-N-(2,2-diethoxyethyl)-N-(4

diethoxyethyl)(4-methoxybenzyl)amino)-1-oxopropan-2-yl)carbamate(28g,51.22mmol)in 

CH2Cl2(30mL)wasaddeddiethylamine(200mL).Thereactionmixturewasstirredatroom 

temperaturefor3h.Aftercompleteconsumptionofthestartingmaterial(monitoredbyTLC), 

thereactionmixturewasconcentratedandthecrudeobtainedwaspurifiedbycolumn 

chromatography(Silica100-200mesh;5%MeOHinDCM)toafford2-amino-N-(2,2

diethoxyethyl)-N-(4-methoxybenzyl)propanamide(14.5g,44.75mmol,87%yield)asaviscous 

liquid.MS(ESI)rnlz[M+H-EtOH]~:279.05.  

[0249] Step4:Synthesisof(9H-fluoren-9-yl)methyl(3-((1-((2,2-diethoxyethyl)(4

methoxybenzyl)amino)-1-oxopropan-2-yl)amino)-3-oxopropyl)carbamate.Toastirred 

solutionof3-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)propanoicacid(14.78g, 47.53 

mmol)indryDMF(120mL)maintainedat0 0 CwasaddedHATU(18.06g,47.53mmol), 

DJPEA(9.21mL,51.85mmol)followedby2-amino-N-(2,2-diethoxyethyl)-N-(4
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methoxybenzyl)propanamide.Toasolutionof(9H-fluoren-9-yl)methyl(1-((2,2-
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methoxybenzyl)propanamide(14g,43.20mmol).Thereactionmixturewasstirredfor16hat 

roomtemperature.Aftercompletionthereactionmixturewasquenchedwithicecoldwater 

(200mL)andtheaqueouslayerwasextractedwithEtOAc(200mLx2).Theorganiclayerwas 

washedwithcoldH20(500mL)followedbysaturatedbrine(200mL),driedoverNa2SO4and 

concentratedunderreducedpressure.Thecrudeobtainedwaspurifiedbycolumn 

chromatography(Silica100-200mesh;30%EtOAcinhexanes)toafford(9H-fluoren-9

yl)methyl(3-((1-((2,2-diethoxyethyl)(4-methoxybenzyl)amino)-1-oxopropan-2-yl)amino)-3

oxopropyl)carbamate(18g,29.14mmol,67.44%yield)asaviscousliquid.MS(ESI)rn/z 

[M+H-EtOH]~:572.  

[0250] Step5:Synthesisof(9H-fluoren-9-yl)methyl8-(4-methoxybenzyl)-6-methyl-4,7

dioxohexahydro-2H-pyrazino[1,2-a]pyrimidine-1(6H)-carboxylate.Asolutionof(9H

fluoren-9-yl)methyl(3-((1-((2,2-diethoxyethyl)(4-methoxybenzyl)amino)-1-oxopropan-2

yl)amino)-3-oxopropyl)carbamate(18g,29.14mmol)informicacid(120mL)wasstirredat 

roomtemperaturefor12h.Aftercompletionthereactionmixturewasconcentratedandthe 

crudeobtainedwaspurifiedbycolumnchromatography(Silica100-200mesh;30%EtOAcin 

hexanes)toafford(9H-fluoren-9-yl)methyl8-(4-methoxybenzyl)-6-methyl-4,7-dioxohexahydro

2H-pyrazino[1,2-a]pyrimidine-1(6H)-carboxylate(14.5g,27.58mmol,94%yield)asasolid.  

MS(ESI)mlz[M+H]~:526.  

[0251] Step6:Synthesisof8-(4-methoxybenzyl)-6-methylhexahydro-41r1-pyrazino[1,2

a]pyrimidine-4,7(6H)-dione.Toasolutionof(9H-fluoren-9-yl)methyl8-(4-methoxybenzyl)-6

methyl-4,7-dioxohexahydro-2H-pyrazino[1,2-a]pyrimidine-1(6H)-carboxylate(14g,26.63 

stirredatroomtemperaturefor3h.Aftercompleteconsumptionofthestartingmaterial 

(monitoredbyTLC),thereactionmixturewasconcentratedandthecrudeobtainedwaspurified 

bycolumnchromatography(Silica100-200mesh~5%MeOHinDCM)toafford8-(4

methoxybenzyl)-6-methylhexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6H)-dione(7g, 23.07 

mmol,87%yield)asastickysolid.MS(ESI)mlz[M+H]~:304.  

ExampleS15. SynthesisofIntermediateCompound8-(4-methoxybenzyl)-6

methyihexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6H)-dione.Thesyntheticroutefor 

preparingthisintermediatecompoundisshowninScheme15.  
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mmol)inCH2Cl2(150mL)wasaddeddiethylamine(100mL)andthereactionmixturewas
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Scheme15.  
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[0252] Step1:Synthesisof8-(4-methoxybenzyl)-6-methyl-1-(4

(trifluoromethyl)benzoyl)hexahydro-41r1-pyrazino[1,2-a]pyrimidine-4,7(6H)-dione.Toa 

solutionof4-(trifluoromethyl)benzoicacid(5.26g,27.69mmol)inDMF(100mL)maintained 

at00 CwasaddedHATU(10.52g,27.69mmol),DJPEA(12.30mL,69.23mmol)followedby 

8-(4-methoxybenzyl)-6-methylhexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6H)-dione(7g, 

23.07mmol),andthereactionmixturewasstirredatroomtemperaturefor12h.After 

completionthereactionmixturewasquenchedwithicecoldwater(200mL)andtheaqueous 

layerwasextractedwithEtOAc(200mLx2).TheorganiclayerwaswashedwithcoldH20 

(200mL)followedbysaturatedbrine(l5OmL),driedoverNa2SO4andconcentratedunder 

reducedpressure.Thecrudeobtainedwaspurifiedbycolumnchromatography(Silica100-200 

mesh~30%EtOAcinhexanes)toafford8-(4-methoxybenzyl)-6-methyl-1-(4

(trifluoromethyl)benzoyl)hexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6H)-dione(9g, 18.92 

mmol,82.04%yield)asasolid.MS(ESI)rn/z[M+H]~:476.15andMS(ESI)rn/z[M+Na]~: 

498.05.  

pyrazino[1,2-a]pyrimidine-4,7(6H)-dione.Toasolutionof8-(4-methoxybenzyl)-6-methyl-1

(4-(trifluoromethyl)benzoyl)hexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6H)-dione(9g,18.92 

mmol)inCH3CN:H20(2:1,150mL)maintainedat0 0 CwasaddedCAN(31.15g,56.82mmol) 

andthereactionmixturewasallowedtostiratroomtemperaturefor3h.Progressofthereaction 

wasmonitoredbyTLC.Aftercompletionthereactionmixturewasquenchedwithsaturated 

solutionofaq.NaHCO3(200mL)andextractedwithEtOAc(200mLx2).Combinedorganic 

layerwaswashedwithH20(200mL)followedbysaturatedbrinesolution(150mL),driedover 

Na2SO4andconcentratedunderreducedpressure.Thecrudeobtainedwaspurifiedbycolumn 

chromatography(Silica100-200mesh;10%MeOHinDCM)toafford6-methyl-1-(4

(trifluoromethyl)benzoyl)hexahydro-4H-pyrazinoLI1,2-a]pyrimidine-4,7(6H)-dione(3.Sg, 9.85 

mmol,52.8%yield)asasolid.MS(ESI)mlz[M+H+CH3CN]~:397.0. 1 HNMR(400MHz 

DMSO-d6)61.25- 1.46(in,3H)2.15-2.30(in,1H)2.56- 2.69(in,1H)3.16(dJ4.99Hz,1 
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H)3.22-3.30(in,1H)3.42- 3.72(in,2H)4.70- 4.87(in,1H)5.85-5.95(in,1H)7.75(d, 

J7.98Hz2H)7.86(dJ7.98Hz,2H)8.11(brs,1H).  

ExampleS16.GeneralProcedureAfortheSynthesisofFinalCompounds.  

[0254] Toasolutionof6-methyl-1-(4-(trifluoromethyl)benzoyl)hexahydro-4H

pyrazino[1,2-a]pyrimidine-4,7(6H)-dione(200mgO.56mmol)inDMF(2mL)wasadded 

KOtBu(iMinTHF,1.69mmol,1.69mL)followedbyalkylhalide(1.12mmol),andthe 

reactionmixturewasexposedtomicrowaveirradiationat120 0 Cfor1h.Thereactionmixture 

wascooledtoroomtemperatureandquenchedwithH20(25mL).Theaqueouslayerwas 

extractedwithEtOAc(10mLx3).Thecombinedorganiclayerswerewashedwithbrineand 

concentrated.ThecrudeproductobtainedwaspurifiedbyCombiFlash.  

Example517.SynthesisofCompound15.  

[0255] Compound15wassynthesizedbyGeneralProcedureAusing 

(bromomethyl)cyclopentaneasthealkylhalide.MS(ESI)mlz[M+H]~:438.65. 1 HNMR(400 

MHzDMSO-d6)61.02- 1.26(in,3H)1.28- 1.42(in,2H)1.44- 1.76(in,6H)1.80- 2.08

2.33(in,2H)2.55- 2.71(in,1H)3.22(ddJ12.96,7.48Hz,1H)3.26- 3.32(in,1H)3.39(d, 

J698Hz1H)3.49-3.57(in,1H)3.59-3.74(in,1H)3.76-3.91(in,1H)4.80-4.90(in,1H) 

5.95-6.05(in,1H)7.72- 7.79(in,2H)7.84- 7.91(in,2H).  

Example518.SynthesisofCompound16.  

[0256] Compound16wassynthesizedbyGeneralProcedureAusing 

MHzDMSO-d6)61.29- 1.44(in,2H)1.58- 1.89(in,4H)1.90- 2.08(in,2H)2.16-2.31(in, 

1H)2.55- 2.70(in,2H)3.18- 3.31(in,1H)3.25- 3.26(in,1H)3.34- 3.42(in,1H)3.36

3.57(in,2H)3.60-3.69(n,1H)3.71-3.83(in,1H)4.75-4.89(in,1H)5.90-6.05(in,1H)7.70

7.79(in,2H)7.87(dJ8.3lHz,2H).  

Example519.SynthesisofCompound19.  

[0257] Compound19wassynthesizedbyGeneralProcedureAusing(2

broinoethyl)cyclopentaneasthealkylhalide.MS(ESI)rnlz[M+H]~:452.35. 1 HNMR(400 

MHzDMSO-d6)60.94- 1.18(in,3H)1.26- 1.61(in,9H)1.66-1.83(in,2H)2.16-2.31(in,1 

H)2.56- 2.70(in,1H)3.16- 3.28(in,1H)3.35- 3.56(in,3H)3.60-3.73(in,1H)3.77-3.90 

(in,1H)4.72- 4.92(in,1H)5.94-6.06(in,1H)7.77(dJ7.98Hz, 2H)7.87(dJ7.98Hz,2 

H).  
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ExampleS20.SynthesisofCompound20.  

[0258] Compound20wassynthesizedbyGeneralProcedureAusing(2

bromoethyl)cyclobutaneasthealkylhalide.MS(ESI)rn/z[M+H]~:438.25. 1 HNMR(400 

MHzDMSO-d6)61.27- 1.44(in,3H)1.50-1.71(in,4H)1.71-1.88(in,2H)1.93- 2.09(in,2 

H)2.13- 2.34(in,2H)2.56- 2.70(in,2H)3.25- 3.32(in,1H)3.35- 3.42(in,1H)3.45-3.55 

(in,1H)3.59- 3.72(in,1H)3.74-3.90(in,1H)4.75-4.89(in,1H)5.94-6.05(in,1H)7.71

7.79(in,2H)7.87(dJ8.31Hz,2H).  

Example521.SynthesisofCompound21.  

[0259] Compound21wassynthesizedbyGeneralProcedureAusing1-bromobutaneasthe 

alkylhalide.MS(ESI)m/z[M+H]~:412.20. 1 HNMR(400MHzDMSO-d6)60.81-0.97(in,3 

H)1.15- 1.57(in,7H)2.15-2.31(in,1H)2.57- 2.69(in,1H)3.14- 3.28(in,1H)3.35- 3.60 

(in,3H)3.62-3.73(in,1H)3.74- 3.92(in,1H)4.75- 4.91(in,1H)5.94-6.06(in,1H)7.76(d, 

J7.34 , J7.83Hz,2H).  

Example522.SynthesisofCompound22.  

[0260] Coinpound22wassynthesizedbyGeneralProcedureAusing4-bromobut-1-eneas 

thealkylhalide.MS(ESI)rnlz[M+H]~:410.20. 1 HNMR(400MHzDMSO-d6)a1.28-1.45(in, 

3H)2.14-2.38(in,3H)2.55- 2.69(in,1H)3.36- 3.57(in,4H)3.58-3.72(in,1H)3.75-3.89 

(in,1H)4.75- 4.90(in,1H)4.98- 5.19(in,2H)5.69-5.84(in,1H)5.93-6.05(in,1H)7.76(d, 

J7.98Hz,2H)7.88(dJ7.98Hz,2H).  

[0261] Coinpound23wassynthesizedbyGeneralProcedureAusing1-broino-2

inethylpropaneasthealkylhalide.MS(ESI)rnlz[M+H]~:412.25. 1 HNMR(400MHzDM50

d6)a0.80-0.96(in,6H)1.30- 1.48(in,3H)1.85-2.03(in,1H)2.15-2.31(in,1H)2.57- 2.70 

(in,1H)3.06-3.16(in,1H)3.18-3.28(in,1H)3.36-3.45(in,1H)3.44- 3.57(in,1H)3.60

3.74(in,1H)3.73- 3.87(in,1H)4.77-4.92(in,1H)5.93-6.07(in,1H)7.76(dJ7.48Hz,2 

H)7.87(dJ7.48Hz2H).  

Example524.SynthesisofCompound24.  

[0262] Coinpound24wassynthesizedbyGeneralProcedureAusing2-broinopropaneasthe 

alkylhalide.MS(ESI)in/z[M+H]~:398.55. 1 HNMR(400MHzDMS0-d6)61.10(dJ5.49 

Hz,6H)1.28-1.45(in,3H)2.16-2.24(in,1H)2.56- 2.71(in,1H)3.34-3.40(in,1H)3.44

84 
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3.79(in,3H)4.59-4.72(in,1H)4.75-4.90(in,1H)5.86-6.00(in,1H)7.79(dJ7.98Hz2H) 

7.83-7.92(in,2H).  

ExampleS25. SynthesisofIntermediateCompound1-(4-(difluoromethoxy)benzoyl)-6

methyihexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6H)-dione.Thesyntheticroutefor 

preparingthisinterinediatecoinpoundisshowninScheine16.  

Scheme16.  

0 F 
0 F F 

H F 
N N~~PMB OH F F 

________________ CAN, CH3CN, H20 N 
~r N 

N N~PMB NH 

HATUDIPEADMF N Step2 N 

0 0 

[02631 5tep1:Synthesisof1-(4-(difluoromethoxy)benzoyl)-8-(4-methoxybenzyl)-6

methylhexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6H)-dione.Toasolutionof4

(difluoroinethoxy)benzoicacid(1.71g,9.08ininol)inDMF(25inL)inaintainedat0 0 Cwas 

addedHATU(3.45g,9.OSininol),DJPEA(4.34inL,24.8ininol)followedby8-(4

inethoxybenzyl)-6-inethylhexahydro-4H-pyrazino[1,2-a]pyriinidine-4,7(6H)-dione(2.5g, 8.25 

ininol)andreactioninixturewasstirredatroointeinperaturefor12h.Aftercoinpletionthe 

reactioninixturewasquenchedwithicecoldwater(50inL)andtheaqueouslayerwasextracted 

withEtOAc(100inLx2).TheorganiclayerwaswashedwithcoldH20(100inL)followedby 

saturatedbrine(100inL),driedoverNa2SO4andconcentratedunderreducedpressure.The 

hexanes)toafford1-(4-(difluoroinethoxy)benzoyl)-8-(4-inethoxybenzyl)-6-inethylhexahydro

4H-pyrazino[1,2-a]pyriinidine-4,7(6H)-dione(3.5g,7.38ininol,89.5%yield)asasolid.MS 

(ESI)rnlz[M+H]~:474.12.  

[0264] 5tep2:Synthesisof1-(4-(difluoromethoxy)benzoyl)-6-methyihexahydro-411

pyrazino[1,2-a]pyrimidine-4,7(6H)-dione.Toasolutionof1-(4-(difluoroinethoxy)benzoyl)

8-(4-inethoxybenzyl)-6-inethylhexahydro-4H-pyrazino[1,2-a]pyriinidine-4,7(6H)-dione(3.0g, 

6.34ininol)inCH3CN:H20(2:1,45inL)inaintainedat0 0 CwasaddedCAN(12.0g,21.90 

ininol)andthereactioninixturewasallowedtostiratroointeinperaturefor3h.Progressofthe 

reactionwasinonitoredbyTLC.Aftercoinpletionthereactioninixturewasquenchedwith 

saturatedsolutionofaq.NaHCO3(100inL)andextractedwithEtOAc(200inLx2).The 

coinbinedorganiclayerwaswashedwithH20(250inL)followedbysaturatedbrinesolution 

(250inL),driedoverNa2SO4andconcentratedunderreducedpressure.Thecrudeobtainedwas 
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purifiedbycolumnchromatography(Silica100-200mesh~10%MeOHinDCM)toafford1-(4

(difluoromethoxy)benzoyl)-6-methylhexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6H)-dione 

(2.0g,5.66mmol,89.6%yield)asasolid.MS(ESI)rnlz[M+H]~:353.95. 1 HNMR(400MHz 

DMSO-d6)61.10- 1.39(in,3H)2.17-2.18(in,1H)2.52- 2.68(in,1H)3.18- 3.27(in,2H) 

3.44- 3.71(in,2H)4.69- 4.83(in,1H)5.75- 5.92(in,1H)7.24(dJ7.83Hz,2H)7.32(t, 

J72.0Hz,1H)7.57(dJ8.31Hz,2H)8.04(brs,1H).  

ExampleS26.GeneralProcedureBfortheSynthesisofFinalCompounds.  

[0265] Toasolutionof1-(4-(difluoromethoxy)benzoyl)-6-methylhexaliydro-4H

pyrazino[1,2-a]pyrimidine-4,7(6H)-dione(200ing,0.56minol)inDMF(4mL)maintainedat 

00 CwasaddedNaH(122ing,2.8minol,55%dispersioninmineraloil)andthereactionmixture 

wasStilTedatthesametemperaturefor15minutes.Tothisreactionmixturewasaddedalkyl 

halide(1.6inmol)andthereactionmixturewasallowedtowarmtoroomtemperatureand 

stirredfor3h.AftercompletionthereactionmixturewasquenchedwithicecoldH20(15mL) 

andaqueouslayerwasextractedwithEtOAc(15mLx3).Thecombinedorganiclayerwas 

washedwithbrineandconcentrated.ThecrudeproductobtainedwaspurifiedbyCombiFlash.  

Example527.SynthesisofCompound13.  

[0266] Compound13wassynthesizedbyGeneralProcedureBusing 

(bromomethyl)cyclopentaneasthealkylhalide.MS(ESI)mlz[M+H]~:436.05. 1 HNMR(400 

MHzDMSO-d6)61.07-1.16(in,3H)1.32(dJ6.48Hz,3H)1.41- 1.73(in,7H)2.06- 2.21 

(in,1H)2.21- 2.34(in,1H)2.54- 2.70(in,1H)3.14- 3.29(in,1H)3.35- 3.45(in,1H)3.52 

2H)7.35(tJ72.0Hz,1H)7.61(dJ8.98Hz2H).  

Example528.SynthesisofCompound14.  

[0267] Compound14wassynthesizedbyGeneralProcedureBusing 

(bromomethyl)cyclobutaneasthealkylhalide.MS(ESI)rn/z[M+H]~:421. 14.1 HNMR(400 

MHzDMSO-d6)61.16-1.25(in,1H)1.27-1.43(in,3H)1.54- 1.73(in,2H)1.73- 1.86(in,2 

H)1.89-2.03(in,2H)2.24(dJ17.12Hz,1H)2.53- 2.69(in,2H)3.20-3.28(in,1H)3.29

3.40(in,1H)3.40- 3.66(in,2H)3.69- 3.87(in,1H)4.75-4.86(in,1H)5.74- 6.02(in,1H) 
7.26(dJ-8.3 a~72 J8 

1Hz,2H))7a33(LJ~ eOHz,1H)7.59(d, .31Hz2H).  

Example529.SynthesisofCompound17.  

[0268] Compound20wassynthesizedbyGeneralProcedureBusing1-bromobutaneasthe 

alkylhalide.MS(ESI)m/z[M+H]~:410.0. 1 HNMR(400MHzDMSO-d6)60.81- 0.96(in,3 
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H)1.15-1.39(m,4H)1.40-1.55(m,2H)2.26(dJ16.95Hz1H)2.53-2.70(m,2H)3.12

3.30(in,2H)3.38- 3.46(in,1H)3.56-3.74(in,2H)3.75-3.92(in,1H)4.84(qJ6.S1Hz,1 

H)5.86-6.06(in,1H)7.28(d,-7.98Hz, 2H)736(t, -U72~0Hz.~IH)7.62(dJ848Hz,2 

H).  

ExampleS30.SynthesisofCompound18.  

[0269] Coinpound18wassynthesizedbyGeneralProcedureBusing4-broinobut-1-eneas 

thealkylhalide.MS(ESI)rnlz[M+H]~:408.06. 1 HNMR(400MHzDMSO-d6)a1.16- 1.45 

(in,3H)2.18- 2.33(in,3H)2.53- 2.70(in,1H)3.36- 3.46(in,3H)3.51- 3.72(in,2H)3.74

3.90(in,1H)4.84(qJ6.65Hz,1H)4.91-5.15(in,2H)5.67-5.84(in,1H)5.86- 6.03(in,1 

H)7.29(dJ8.48Hz, 2H)736(t.J~72~0Hz, 1H)7.61(dJ8.48Hz2H).  

Example531.SynthesisofCompound27.  

[0270] Coinpound27wassynthesizedbyGeneralProcedureBusing2

(broinoinethyl)tetrahydrofuranasthealkylhalide.MS(ESI)rnlz[M+H]~:438.1. 1 HNMR(400 

MHzCDCl3)67.48 7.55(in,2H),7.20 7.30(in,2H),6.40 6.76(in,1H),5.90- 6.20(in, 

1H),5.16- 5.26(in,1H),4.06- 4.17(in,2H),3.82- 3.92(in,4H),3.61 3.77(in,2H),2.83 

2.99(in,1H),2.47 2.59(in,2H),2.01 2.12(in,4H),1.49(s,3H).  

Example532.SynthesisofCompound28.  

[0271] Coinpound28wassynthesizedbyGeneralProcedureBusing(2

broinoethyl)benzeneasthealkylhalide.MS(ESI)m/z[M+H]~:458.10. 1 HNMR(400MHz 

5.90- 6.20(in,1H),5.16- 5.26(in,1H),3.72 3.96(in,2H),3.44- 3.52(in,1H),3.25- 3.35 

(in,2H),2.83- 2.99(in,2H),2.47- 2.59(in,1H),2.42- 2.60(in,1H),2.30- 2.57(in,1H), 

1.49(s,3H).  

Example533.SynthesisofCompound29.  

[0272] Coinpound29wassynthesizedbyGeneralProcedureBusing4-(2

broinoethyl)pyridineasthealkylhalide.MS(ESI)in/z[M+H]~:459.10. 1 HNMR(400MHz 

CDCl3)68.50- 8.58(in,2H),7.24- 7.46(in,4H),7.18(dJ 7.99Hz2H),6.40- 6.76(in,1 

H),5.90- 6.20(in,1H),5.16- 5.26(in,1H),3.72- 3.96(in,2H),3.44- 3.52(in,1H),3.25 

3.35(in,2H),2.83- 2.99(in,2H),2.47- 2.59(in,1H),2.42- 2.60(in,1H),2.30- 2.57(in, 

1H),1.49(s,3H).  

Example534.SynthesisofCompound30.  
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[0273] Compound30wassynthesizedbyGeneralProcedureBusing(3

bromopropyl)cyclopropaneasthealkylhalide.MS(ESI)rnlz[M+H]~:459.10. 1 HNMR(400 

MHzCDCl3)68.50 8.58(in,2H),7.24 7.46(in,4H),7.18(dJ 7.99Hz2H),6.40 

6.76(in,1H),5.90- 6.20(in,1H),5.16- 5.26(in,1H),3.72 3.96(in,2H),3.44- 3.52(in,1 

H),3.25 3.35(in,2H),2.83 2.99(in,2H),2.47 2.59(in,1H),2.42 2.60(in,1H),2.30 

2.57(in,1H),1.49(s,3H).  

ExampleS35.SynthesisofCompound31.  

[0274] Compound31wassynthesizedbyGeneralProcedureBusing(2

bromoethyl)cyclopropaneasthealkylhalide.MS(ESI)mlz[M+H]~:422.2. 1 HNMR(400 

MHzCDCl3)67.48(dJ 8.01Hz2H),7.20 7.28(in,2H),6.40 6.76(in,1H),5.90- 6.20 

(in,1H),5.16- 5.26(in,1H),3.72 3.96(in,1H),3.46- 3.64(in,5H),2.46 2.64(in,2H), 

1.43 1.56(in,5H),0.43-0.65(in,2H),0.75-0.85(in,2H).  

Example536.SynthesisofCompound32.  

[0275] Compound32wassynthesizedbyGeneralProcedureBusing1-bromo-2

methoxyethaneasthealkylhalide.MS(ESI)rnlz[M+H]~:412.1. 1 HNMR(400MHzDM50

d6)67.52-7.62(in,2H),7.16 7.34(in,3H),5.85 5.95(in,1H),4.80 4.90(in,1H),3.85 

3.95(in,1H),3.70- 3.80(in,2H),3.25- 3.46(in,5H),3.22(s,3H),2.62 2.72(in,1H), 

2.20 2.30(in,1H),1.49(s,3H).  

Example537.SynthesisofCompound33.  

methoxypropaneasthealkylhalide.MS(ESI)rnlz[M+H]~:426.20. 1 HNMR(400MHz 

DMSO-d6)67.52-7.62(in,2H),7.16 7.34(in,3H),5.85 5.95(in,1H),4.80 4.90(in,1 

H),3.85 3.95(in,1H),3.70 3.80(in,2H),3.58 3.68(in,2H),3.45- 3.55(in,4H),3.22(s, 

3H),2.62- 2.72(in,1H),2.20- 2.30(in,2H),1.49(s,3H).  

Example538.SynthesisofCompound36.  

[0277] Compound36wassynthesizedbyGeneralProcedureBusing(2

bromoethyl)methylsulfoneasthealkylhalide.MS(ESI)rnlz[M+H]~:459.95. 1 HNMR(400 

MHzCHLOROFORM)67.49(dJ 801Hz,2H),7.15- 7.26(in,2H),6.40- 6.76(in,1H), 

5.90 6.20(in,1H),5.15 5.25(in,1H),3.86- 3.97(in,3H),3.66- 3.77(in,2H),3.38

3.49(in,3H),2.97(s,3H),2.59 2.69(in,2H),1.49(s,3H).  

88 
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ExampleS39.SynthesisofCompound34.  

[0278] Step1.Toasolutionof1-(4-(difluoromethoxy)benzoyl)-6-methylhexahydro-4H

pyrazino[1,2-a]pyrimidine-4,7(6H)-dione(0.300g,0.849mmol)inDMF(6mL)wasadded 

Cs2CO3(0.827g,2.547mmol)followedby(2-bromoethoxy)(tert-butyl)dimethylsilane(0.243g, 

1.018mmol)at00 Candthereactionmixturewasheatedat120 0 Cinsealedtubefor1h.  

ProgressofthereactionwasmonitoredbyTLC.Aftercompletionthereactionmixturewas 

slowlyquenchedwithicecoldwater(30mL)andextractedwithEtOAc(50mL).Combined 

organiclayerwaswashedwithicecoldbrinesolution(3x30mL),driedoverNa2SO4and 

concentratedunderreducedpressuretoafford8-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1-(4

(difluoromethoxy)benzoyl)-6-methylhexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6H)-dione 

(0.250gcrude).Thecrudecompoundwasassuchusedfornextreactionwithoutcarriedout 

furtherpurification.MS(ESI)rnlz[M+H]~:512.10.  

[0279] Step2.Toasolutionof8-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1-(4

(difluoromethoxy)benzoyl)-6-methylhexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6H)-dione 

(0.250g,0.4886mmol)inTHF(5mL)wasaddedTBAF(3mL)0 0 Ctemperature.The 

reactionmixturewasallowedtoattainroomtemperatureandstirredfor6h.Progressofthe 

reactionwasmonitoredbyTLC.Aftercompletionthereactionmixturewasslowlyquenched 

withicecoldwater(5mL)andextractedwithEtOAc(2x10mL).Combinedorganiclayerwas 

washedwithicecoldbrinesolution(10mL),driedoverNa2SO4andconcentratedunderreduced 

pressuretogetcrudecompound.Thecrudecompoundobtainedwaspurifiedbycolumn 

chromatography(Silicagel60-120mesh~10%MeOHinDCM)toafford1-(4

a]pyrimidine-4,7(6H)-dione(0.102g,52%yield)whitesolid.MS(ESI)mlz[M+H]~:398.2. 1 H 

NMR(400MHzDMSO-d6)a7.52-7.62(in,2H),7.16- 7.34(in,3H),5.92- 6.02(in,1H), 

6.78 6.88(in,2H),3.86- 3.92(in,1H),3.47- 3.62(in,6H),3.21- 3.31(in,1H),2.57 

2.67(in,1H),2.25- 3.35(in,1H),1.49(s,3H).  

Example540.SynthesisofCompound35.  

[0280] Step1.Toasolutionof1-(4-(difluoromethoxy)benzoyl)-6-methylhexahydro-4H

pyrazino[1,2-a]pyrimidine-4,7(6H)-dione(0.300g,0.849mmol)inDMF(6mL)wasadded 

NaH(0.050g,1.274mmol)followedby2-bromoacetonitrile(0.112g,0.933mmol)at0 0 Cand 

thereactionmixturewasallowedtostandforroomtemperaturefor1h.Progressofthereaction 

wasmonitoredbyTLC.Aftercompletionthereactionmixturewasslowlyquenchedwithice 

coldwater(70mL)andextractedwithEtOAc(100mL).Combinedorganiclayerwaswashed 
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withicecoldbrinesolution(100mL),driedoverNa2SO4andconcentratedunderreduced 

pressuretogetcrudecompound.Thecrudecompoundobtainedwaspurifiedbycolumn 

chromatography(Silicagel60-120mesh;10%MeOHinDCM)toafford2-(1-(4

(difluoromethoxy)benzoyl)-6-methyl-4,7-dioxooctahydro-8H-pyrazino[1,2-a]pyrimidin-S

yl)acetonitrile(0.120g,36%yield)whitesolid.MS(ESI)mlz[M+H]~:393.05.  

[0281] Step2.Toasolutionof2-(1-(4-(difluoromethoxy)benzoyl)-6-methyl-4,7

dioxooctahydro-SH-pyrazino[1,2-a]pyrimidin-8-yl)acetonitrile(0.120g,0.305mmol)inethanol 

(5mL)wasaddedConc.HCl(0.100mL)followedbyPlatinumoxide(0.012g,0.030mmol)at 

roomtemperatureandthereactionmixturewasheatedunderHydrogengasatmospherefor3h.  

ProgressofthereactionwasmonitoredbyTLC.Aftercompletionthereactionmixturewas 

filteredthroughapadofCelite.TheCelitepadwaswashedwithethanol(20mL)andfiltrate 

wasconcentratedunderreducedpressuretogetcrudecompound.Thecrudecompoundwas 

trituratedwithnpentanetoafford8- (2- aminoethyl)- 1- (4-(difluoromethoxy)benzoyl)-6

methylhexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6H)-dione(0. 110g, 90%)yield)white 

solid.MS(ESI)rn/z[M+H]~:397.05. 1 HNMR(400MHzDM50d6)67.96(s,2H),7.55 

7.65(in,2H),7.20- 7.35(in,3H),5.90- 6.20(in,1H),4.85 4.95(in,1H),3.82- 3.92(in, 

1H),3.55.- 3.85(in,2H),3.35- 3.45(in,3H),2.95- 3.05(in,2H),2.60- 2.70(in,1H),2.20 

2.30(in,1H),1.35(s,3H).  

Example541.GeneralProcedureCfortheSynthesisofFinalCompounds.  

[0282] Toasolutionof1-(4-(difluoromethoxy)benzoyl)-6-methylhexahydro-4H

Cs2CO3(0.735g,2.264inmol,4eq)followedbyalkylhalide(0.679minol,1.2eq)at0 0 Cand 

thereactionmixturewasheatedat50 0 Cundermicrowaveirradiationfor1h.Progressofthe 

reactionwasmonitoredbyTLC.Aftercompletionthereactionmixturewasslowlyquenched 

withicecoldwater(6mL)andextractedwithEtOAc(20mLx3).Thecombinedorganiclayer 

waswashedwithsaturatedbrinesolution(10mL),driedoverNa2SO4andconcentratedunder 

reducedpressuretogetcrudecompound.Thecrudecompoundobtainedwaspurifiedbycolumn 

chromatographytoprovidethefinalcompound.  

Example542.SynthesisofCompound25.  

[0283] Compound25wassynthesizedbyGeneralProcedureCusing2-(2-iodoethyl)furanas 

thealkylhalide.MS(ESI)mlz[M+H]~:448.10.'HNMR:67.40- 7.50(in,2H),7.28- 7.38 

(in,1H),7.15-7.25(in,2H),6.39- 6.78(in,1H),6.25-6.35(in,1H),5.90- 6.12(in,2H), 
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5.25- 5335(in,1H),5.10 5.20(in,1H),3.70- 3.80(in,1H),3.50- 3.60(in,1H),3.20 3.40 

(in,2H),2.95- 3.05(in,3H),2.45- 2.60(in,2H),1.59(s,3H).  

ExampleS43.SynthesisofCompound26.  

[0284] Compound26wassynthesizedbyGeneralProcedureCusing2-(2

bromoethyl)thiopheneasthealkylhalide.MS(ESI)rn/z[M+H]~:464.1. 1 HNMR(400MHz 

CDCl3)67.40- 7.48(in,2H),7.15-7.26(in,3H),6.85 6.95(in,2H),6.39 6.95(in,2H), 

5.90 6.20(in,1H),5.15 5.25(in,1H),3.72- 3.96(in,2H),3.47- 3.54(in,1H),3.32

3.42(in,3H),3.10- 3.20(in,2H),2.42- 2.56(in,2H),1.49(s,3H).  

ExampleS44.SynthesisofIntermediateCompound1-(4-(difluoromethoxy)benzyl)-6

methyihexahydro-4H-pyrazino[1,2-aIpyrimidine-4,7(6Th-dione.  

FmocI TFA(Neat), Fmoc H 
2MB I N 

130 0c, MW rt,3h 

Step-I Step-2 
0 0 0 

Br F 0 F 
F 

II F 

K2 003 ,DMF,80oQ,6h 

Step-3 

0 

[02851 Step1:Synthesisof(9H-fluoren-9-yl)methyl6-methyl-4,7-dioxohexahydro-2H

methoxybenzyl)-6-methyl-4,7-dioxohexahydro-2H-pyrazino[1,2-a]pyrimidine-1(6Th

carboxylate(1.0g,26.63mmol)inTFA(10mL)wasstirredat130 0 Cfor2hinmicrowave.  

Aftercompleteconsumptionofthestartingmaterial(monitoredbyTLC),thereactionmixture 

wasconcentratedundervacuumandthecrudeproductwasextractedwithethylacetate(100ml) 

andsaturatedsolutionofsodiumbicarbonate.Theorganiclayerwasdriedoveranhydrous 

Na2SO4andconcentratedundervacuumandpurifiedbycolumnchromatography(Silica100

200mesh;5%MeOHinDCM)toafford(9H-fluoren-9-yl)methyl6-methyl-4,7
S 

dioxohexahydro-2H-pyrazino[1,2-a]pynmidine-1(6H)-carboxylate(300mg,42%yield)asa 

stickysolid.MS(ESI)rn/z[M+H]~:406.  

[0286] Step2:Synthesisof6-methylhexahydro-4H-pyrazino[1,2-aIpyrimidine-4,7(6H)

dione.Toasolutionof(9H-fluoren-9-yl)methyl6-methyl-4,7-dioxohexahydro-2H

pyrazino[1,2-a]pyrimidine-1(6H)-carboxylate(300mg,0.74mmol)inCH2Cl2(5mL)was 
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pyrazino[1,2-a]pyrimidine-1(6Th-carboxylate.Asolutionof(9H-fluoren-9-yl)methyl8-(4-
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addeddiethylamine(6mL).Thereactionmixturewasstirredatroomtemperaturefor3h.After 

completeconsumptionofthestartingmaterial(monitoredbyTLC),thereactionmixturewas 

concentratedandthecrudeproductwaspurifiedbycolumnchromatography(Silica100

200mesh~10%MeOHinDCM)toafford6-methylhexahydro-4H-pyrazino[1,2-a]pyrimidine

4,7(6H)-dione(120mg,92%yield)asawhitesolid.MS(ESI)niz[M+H]~:184.  

[0287] Step3:Synthesisof1-(4-(difluoromethoxy)benzyl)-6-methyihexahydro-4H

pyrazino[1,2-a]pyrimidine-4,7(6H)-dione.Toasolutionof6-methylhexahydro-4H

pyrazino[1,2-a]pyrimidine-4,7(6H)-dione(0.700g,3.820mmol)inDMF(8.0mL)wasadded 

KZCO3(1.58g,11.46mmol)atroomtemperatureandstirredfor10mm.Totheresulting 

reactionmixturewasadded1-(bromomethyl)-4-(difluoromethoxy)benzene(1.086g,4.584 

mmol)andthereactionmixturewasheatedat80 0 Cfor6h.Progressofthereactionwas 

monitoredbyTLC.Aftercompletionthereactionmixturewascooledtoroomtemperature 

quenchedwithwater(50mL)andextractedwithEtOAc(50mLx2).Thecombinedorganic 

layerswerewashedwithsaturatedbrinesolution(20mL),driedoverNa2SO4andconcentrated 

underreducedpressure.Thecrudeproductwaspurifiedbycolumnchromatography(Silica100

200mesh~5%MeOHinDCM)toafford1-(4-(difluoromethoxy)benzyl)-6-methylhexahydro

4H-pyrazino[1,2-a]pynmidine-4,7(6H)-dione(0.550g,43.0%yield)asanoff-whitesolid.MS 

(ESI)mlz[M+H]~:340.34.  

Example545.GeneralProcedureDforSynthesisofFinalCompounds.  

[0288] Toasolutionof1-(4-(difluoromethoxy)benzyl)-6-methylhexahydro-4H

NaH(0.021g,0.8847mmol)at0 0 Cfollowedbytheappropriatealkylhalide(2eq.)andthe 

reactionmixturewasallowedtowarmtoroomtemperatureandstirredfor5h.Progressofthe 

reactionwasmonitoredbyTLC.Aftercompletionthereactionmixturewasslowlyquenched 

withsaturatedsolutionofaq.NaHCO3(2mL)andextractedwithEtOAc(10mLx2).The 

combinedorganiclayerswerewashedwithH20(5mL)followedbysaturatedbrinesolution(5 

mL),driedoverNa2SO4andconcentratedunderreducedpressure.Thecrudematerialwas 

purifiedbycombiflashcolumnchromatography(5%MeOHinDCM)toaffordthefinal 

product.  

Example546.SynthesisofCompound37.  

[0289] Compound37wassynthesizedbyGeneralProcedureDusing4-bromo-1,1,1

trifluorobutaneasthealkylhalide.MS(ESI)rnlz[M+H]~:354.2. 1 HNMR(400MHzCDCl3): 

61.41(dJ 7.13Hz,3H),1.71- 1.86(in,2H),2.01- 2.15(in,2H),2.26- 2.35(in,1H),2.60 
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- 2.67(in,1H),2.89- 3.01(in,1H),3.07- 3.15(in,1H),3.21- 3.34(in,2H),3.46- 3.65(in,2 

H),3.81- 3.95(in,2H),4.35- 4.41(in,1H),5.20- 5.29(in,1H),6.53(tJ 72.0Hz1H), 

7.08- 7.16(in,2H),7.30- 7.36(in,2H).  

ExampleS47.SynthesisofCompound38.  

[0290] Coinpound38wassynthesizedbyGeneralProcedureDusing(2

broinoethyl)cyclopentaneasthealkylhalide.MS(ESI)mlz[M+H]~:436.2. 1 HNMR(400MHz 

CDCl3)61.01-1.15(in,2H),1.41(dJ 7.l3Hz,3H),1.45-1.62(in,8H),1.66-1.80(in,2 

H),2.23- 2.34(in,1H),2.58- 2.72(in,1H),2.89- 2.98(in,1H),3.04- 3.18(in,2H),3.23

3.33(in,1H),3.43- 3.54(in,1H),3.55- 3.65(in,1H),3.78- 3.93(in,1H),4.31- 4.39(in,1 

H),5.15- 5.26(in,1H),6.53(tJ 72.0Hz,1H),7.13(dJ 8.50Hz, 2H),7.34(dJ 8.50 

Hz2H).  

Example548.SynthesisofCompound39.  

[0291] Coinpound39wassynthesizedbyGeneralProcedureDusing4-broinobut-1-eneas 

thealkylhalide.MS(ESI)mlz[M+H]~:394.2. 1 HNMR(400MHzCDCl3)61.41(dJ 7.13 

Hz,3H),2.23- 2.35(in,3H),2.60- 2.71(in,1H),2.92- 3.01(in,1H),3.06- 3.14(in,1H), 

3.22- 3.46(in,3H),3.53- 3.64(in,1H),3.79- 3.93(in,2H),4.28- 4.38(in,1H),4.91- 5.00 

(in,2H),5.16- 5.26(in,1H),5.64- 5.76(in,1H),6.52(tJ 72.0Hz1H),7.10- 7.16(in,2 

H),7.30-7.36(in,2H).  

Example549.SynthesisofCompound40.  

broinoethyl)cyclobuteneasthealkylhalide.MS(ESI)rnlz[M+H]~:422.25 1 HNMR(400MHz 

CDCl3 )61.41(dJ 7.13Hz,3H),1.56-1.65(in,4H),1.73-1.92(in,2H),1.95-2.07(in,2 

H),2.14- 2.25(in,1H),2.26- 2.35(in,1H),2.59- 2.72(in,1H),2.91- 2.99(in,1H),3.04

3.14(in,2H),3.23- 3.43(in,2H),3.53- 3.63(in,1H),3.87(qJ 13.38Hz,2H),4.29- 4.39 

(in,1H),5.17- 5.24(in,1H),6.53(tJ 72.0Hz, 1H),7.13(dJ 8.63Hz2H),7.30- 7.37 

(in,2H).  

Example550.SynthesisofCompound41.  

[0293] Coinpound41wassynthesizedbyGeneralProcedureDusing1-broinobutaneasthe 

alkylhalide.MS(ESI)in/z[M+H]~:396.05. 1 HNMR(400MHzDMSO-d6)60.86(tJ 7.34 

Hz,3H),1.14- 1.24(in,2H),1.24- 1.30(in,2H),1.38- 1.50(in,2H),1.98- 2.10(in,1H), 

2.53- 2.61(in,2H),2.64- 2.77(in,2H),3.07- 3.25(in,3H),3.32- 3.41(in,1H),3.62- 3.73 
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(in,1H),3.87- 3.93(in,2H),4.49- 4.58(in,1H),4.84- 4.94(in,1H),7.15(dJ S.56Hz2 

H),7.22(tJ 72.0Hz,1H),7.43(dJ 8.56Hz1H).  

ExampleS51.SynthesisofCompound52.  

[0294] Coinpound52wassynthesizedbyGeneralProcedureDusing2-trifluroinethyl-1

broinoethaneasthealkylhalide.MS(ESI)rn/z[M+H]~:420.16. 1 HNMR(400MHzCDCl3)6 

ppin7.31- 7.38(in,2H),7.11- 7.16(in,2H),6.31- 6.73(in,1H),5.26(qJ 7.21Hz1H), 

4.23- 4.44(in,2H),3.98- 4.13(in,1H),3.80- 3.93(in,3H),3.59(tJ 11.07Hz1H),3.10 

(ddJ 11.51,3.75Hz,1H),2.90 2.99(in,1H),2.62- 2.72(in,1H),2.32(ddJ 4.38,2.38 

Hz1H),2.28(ddJ 4.31,2.31Hz,1H),1.48(dJ 7.25Hz,1H),1.41(dJ 7.l3Hz,3 

H).  

Example552.GeneralProcedureEfortheSynthesisofFinalCompounds.  

[0295] Toasolutionof6-inethyl-8- (2-inethylbutyl)hexahydro-4H-pyrazino[1,2

a]pyriinidine-4,7(6H)-dione(0.300g,1. 184ininol)inDMF(6inL)stinedinaflaskiininersed 

inanice/waterbathwasaddedcesiuincarbonate(0.771g,2.368ininol,2eq,)followedbythe 

appropriatealkylhalide(1. 1eq.). TheflaskwasreinovedfrointhebathandstirreduntilTLC 

indicatedcoinpleteconsuinptionofstartinginaterial.Thereactioninixturewaspouredinice

coldwater(70inL)andaqueouslayerwasextractedwithEtOAc(100inL).Theorganiclayer 

waswashedwithicecoldbrine(50inLx3),driedoveranhydrousNa2SO4andconcentrated 

underreducedpressure.ThecrudeproductwaspurifiedbypreparativeHPLCtoaffordtogive 

Example553.SynthesisofCompound42.  

[0296] Coinpound42wassynthesizedbyGeneralProcedureBusing4-(broinoinethyl)-2

chloro-1-(trifluoroinethyl)benzeneasthealkylhalide.MS(ESI)m/z[M+H]~:362.2. 1 HNMR 

(400MHzDMSO-d6)60.75- 0.89(in,3H),0.82- 0.87(in,3H),0.96- 1.13(in,1H),1.23

1.31(in,4H),1.64- 1.75(in,1H),2.06- 2.09(in,1H),2.55- 2.62(in,1H),2.65- 2.76(in,1 

H),3.05- 3.15(in,1H),3.15- 3.26(in,3H),3.64- 3.74(in,1H),3.84- 3.95(in,2H),4.52

4.60(in,1H),4.86- 4.94(in,1H),7.17(tJ 8.76Hz, 2H),7.41(ddJ 8.19,5.82Hz2H).  

Example554.SynthesisofCompound43.  

[0297] Coinpound43wassynthesizedbyGeneralProcedureBusing4-(broinoinethyl)-2

chloro-1-(trifluoroinethyl)benzeneasthealkylhalide.MS(ESI)rn/z[M+H]~:446.2. 1 HNMR 

(400MHzDMSO-d6)0.72-0.80(in,3H),0.80- 0.87(in,3H),0.96- 1.10(in,1H),1.21- 1.27 

(in,1H),1.28- 1.34(in,3H),1.62- 1.79(in,1H),2.00- 2.13(in,1H),2.53- 2.65(in,1H), 
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2.66- 2.76(in,1H),3.00- 3.10(in,1H),3.17- 3.29(in,3H),3.62- 3.72(in,1H),4.00- 4.08 

(in,2H),4.55- 4.65(in,1H),4.85- 4.95(in,1H),7.52- 7.60(in,1H),7.73(s,1H),7.80

7.88(in,1H).  

ExampleS55.SynthesisofCompound44.  

[0298] Toasolutionof6-methyl-8- (2-methylbutyl)hexahydro-4H-pyrazino[1,2

a]pyrimidine-4,7(6H)-dione(0.420g,1.657mmol)and1H-indole-3-carbaldehyde(0.264g, 

1.823mmol)inDCE(15mL)wasaddedaceticacid(1mL,1.657mmol)andheatedthereaction 

mixtureat80 0 Cfor1h.TotheresultingreactionmixturewasaddedportionwiseNaBH4(0.188 

g,4.973mmol)andthereactionmixturewasheatedat80 0 Candstirredfor4h.WhenTLC 

analysis(5%MeOHinDCM)indicatedcompleteconsumptionofthestartingmaterialthe 

reactionmixturewasdilutedwithwater(40mL)andaqueouslayerwasextractedwithDCM 

(100mL).Theorganiclayerwaswashedwithbrine(50mL),driedoveranhydrousNa2SO4and 

concentratedunderreducedpressure.Thecrudeobtainedwaspurifiedbycolumn 

chromatography(Silica100-200mesh;5%MeOHinDCM)followedbywashingwithwater 

(30mL)anddriedunderreducedpressuretoaffordcompound44(0.250g,39%yield)asanoff 

whitesolid.MS(ESI)mlz[M+H]~:383.4. 1 HNMR(400MHzDMSO-d6)60.70(tJ 7.09 

Hz,3H),0.75- 0.82(in,3H),0.91- 1.11(in,1H),1.22- 1.31(in,3H),1.57- 1.72(in,1H), 

1.97- 2.07(in,1H),2.55- 2.70(in,2H),2.83(dtJ 10.91,2.74Hz1H),2.95- 3.07(in,1 

H),3.10- 3.26(in,3H),3.54- 3.69(in,1H),3.96- 4.04(in,1H),4.06- 4.15(in,1H),4.54 

4.64(in,1H),4.84- 4.95(in,1H),6.94- 7.02(in,1H),7.04- 7.13(in,1H),7.29- 7.40(in,2 

ExampleS55. SynthesisofIntermediateCompound1-(4-fluorobenzyl)-6

methyihexahydro-4H-pyrazino[1,2-aIpyrimidine-4,7(6Thdione.  

[0299] Toasolutionof6-methylhexahydro-4H-pyrazino[1,2-a]pyriinidine-4,7(6H)-dione 

(250ing,1.40inmol)inDMF(3inL)wasaddedpotassiumcarbonate(580ing,4.20minol) 

followedby4-fluorobenzylbromide(0.320g,1.70inmol)andstirredat80 0 Ctemperaturefor3 

h.AftercompletionthereactionmixturewasmonitoredbyTLC(5%MeOHinDCM).The 

reactionmixturewaspouredinice-coldwater(50mL)andaqueouslayerwasextractedwith 

EtOAc(50mL).TheorganiclayerwasdriedoveranhydrousNa2SO4andconcentratedunder 

reducedpressure.Thecrudeobtainedwaspurifiedbycolumnchromatography(Silica100

200mesh~5%MeOHinDCM)toafford1-(4-fluorobenzyl)-6-inethylhexahydro-4H

pyrazino[1,2-a]pyrimidine-4,7(6H)dione(160ing,70%yield)asawhitesolid.MS(ESI)mlz 

[M+H]~:292.  
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H),7.65(dJ 7.95Hz1H),10.95(s,1H).
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ExampleS56.SynthesisofCompound45.  

[0300] Toasolutionof1-(4-fluorobenzyl)-6-methylhexahydro-4H-pyrazino[1,2

a]pyrimidine-4,7(6H)dione(80mg,0.2739mmol)inDMF(3mL)underanicecoldbathat0 

ocwasaddedNaH(20mg,0.2739mmol)andstirredfor20mmthenadded(2

bromoethyl)cyclobutane(67mg,0.41mmol)after3h.Aftercompleteconsumptionofstarting 

material(monitoredbyTLC),thereactionmixturewasquenchedwithicecoldwaterand 

extractedwithethylacetate.TheorganiclayerwasdriedoveranhydrousNa2SO4and 

concentratedunderreducedpressure.Thecrudeobtainedwaspurifiedbycolumn 

chromatography(Silica100-200mesh~5%MeOHinDCM)toafford8-(2-cyclobutylethyl)-1-(4

fluorobenzyl)-6-methylhexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6Th-dione(13mg, 16% 

yield)asagummyliquid.MS(ESI)rnlz[M+H]~:374. 1 HNMR(400MHzCD3Cl3):37.30

7.40(in,2H),7.00- 7.10(in,2H),5.15 5.25(in,1H),4.25- 4.35(in,1H),3.80 3.95(in,2H), 

3.55 3.65(in,1H),3.25 3.45(in,2H),3.05 3.20(in,2H),2.90- 3.0(in,1H),2.60 2.70 

(in,1H),2.15 2.40(in,2H),1.75 2.10(in,4H),1.55- 1.65(in,4H),1.20- 1.30(in,3H).  

Example557.SynthesisofCompound46.  

[03011 Toasolutionof1- (4-fluorobenzyl)-6-methylhexahydro-4H-pyrazino[1,2

a]pyrimidine-4,7(6H)dione(80mg,0.2739mmol)inDMF(3mL)underanicecoldbathat0 

ocwasaddedNaH(20mg,0.2739mmol)andstirredfor20mmthenwasadded(2

bromoethyl)cyclopentane(72mg,0.41mmol)after3hourscompletionofstartingmaterial 

monitoredbyTLCthereactionmixturewasquenchedwithicecoldwaterandextractedwith 

reducedpressure.Thecrudeobtainedwaspurifiedbycolumnchromatography(Silica100

200mesh;5%MeOHinDCM)toafford8-(2-cyclopentylethyl)-1-(4-fluorobenzyl)-6

methylhexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6H)-dioneasagummyliquid.  

ExampleS58. SynthesisofIntermediateCompound6-(fluoromethyl)-8-(2

methylbutyl)hexahydro-4H-pyrazino[1,2-aIpyrimidine-4,7(6H)-dioneHydrochloridesalt.  

[0302] Step1:SynthesisofN-(2,2-diethoxyethyl)-2-methylbutan-1-amine.Tostirred 

neat2,2-diethoxyethan-1-amine(20.0g,0.137mmol)wasadded2-methylbutanal(11.60g, 

0.137mmol)atroomtemperatureandthereactionmixturewasheatedto100 0 Cfor3h.Tothe 

resultingreactionmixturewasslowlyaddedethanol(200mL)followedbyNaBH4(15.40g, 

0.413mmol)atroomtemperatureandthereactionmixturewasstirredfor16h.Aftercomplete 

consumptionofstartingmaterial(monitoredbyTLC).Thereactionmixturewascooledtoroom 

temperatureandslowlyquenchedwithasaturatedsolutionofNH4Cl(100mL).Theaq.layer 
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ethylacetate.TheorganiclayerwasdriedoveranhydrousNa2SO4andconcentratedunder
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wasextractedwithEtOAc(200mLx2).Thecombinedorganiclayerwaswashedwithbrine 

(400mL),driedoverNa2SO4,filteredandconcentratedunderreducedpressuretogetcrude 

compound.Thecrudeobtainedwaspurifiedbycolumnchromatography(silica100-200mesh; 

10%MeOHinDCM)toobtainN-(2,2-diethoxyethyl)-2-methylbutan-1-amine(25.8g,88% 

yield)colorlessliquid.MS(ESI)rnlz[M+H]~:204.3. 1 JJNMR(400MHzDMSO-d6)60.80- 0a89 

(in,6II)1.11(th6.98Liz,611)1.35- 1.48(in,2II)2.28-2.32(in,1H)2.41-2.45(in,1II)2.55 (d, 

h5a49Hz2II)3.42 3.52(in,2II)3.57 3.65(in,2II)4.49(th5.49Liz1II).  

[0303] Step2:(9H-fluoren-9-yl)methyl(1-Q22,2-diethoxyethyl)(2-methylbutyl)amino)-3

hydroxy-1-oxopropan-2-yl)carbamate.Toastinedsolutionof(((9H-fluoren-9

yl)methoxy)carbonyl)serine(15.0g,45.81mmol)indryDMF(150mL)maintainedat0 0 Cwas 

addedHATU(26.0g,68.80mmol),DJPEA(23.92mL,137.61mmol)followedbyN-(2,2

diethoxyethyl)-2-methylbutan-1-amine(12.10g,59.63mmol).Thereactionmixturewasstirred 

atroomtemperaturefor4h.Aftercompleteconsumptionofstartingmaterialthereaction 

mixturewasquenchedwithicecoldwater(500mL)andtheaqueouslayerwasextractedwith 

EtOAc(250mLx2).ThecombinedorganiclayerwaswashedwithcoldHzO(200mL) 

followedbybrine(200mL),driedoverNa2SO4andconcentratedunderreducedpressureto 

providethecrudeproduct.Thecrudematerialwaspurifiedbycolumnchromatography(Silica 

100-200mesh;80%EtOAcinhexanes)toafford(9H-fluoren-9-yl)methyl(1-((2,2

diethoxyethyl)(2-methylbutyl)amino)-3-hydroxy-1-oxopropan-2-yl)carbamate(21.0g, 89.43% 

yield)asyellowstickysolid~MS(ESI)mlz[M+Na]~:535.35.  
WI 

[0304] Step3:Synthesisof2-amino-N-(2,2-diethoxyethyl)-3-hydroxy-N-(2

diethoxyethyl)(2-methylbutyl)ainino)-3-hydroxy-1-oxopropan-2-yl)carbamate(21.0g, 41.01 

mmol)indryDCM(110mL)maintainedat0 0 Cwasaddeddiethylamine(58mL,2.80volume) 

andreactionmixturewasstirredatroomtemperaturefor3h.Aftercompleteconsumptionof 

startingmaterial(monitoredbyTLC),thereactionmixturewasconcentratedunderreduced 

pressuretogetcrudeproduct.Thecrudeobtainedwaspurifiedbycolumnchromatography 

(Silica100-200mesh;5%MeOHinDCM)toafford2-amino-N-(2,2-diethoxyethyl)-3-hydroxy
S N-(2-methylbutyl)propenamide(9.50g,80%yield)asyellowstickysoIid~MS(ESI)mlz 

mi Eu, 

[0305] Step4:Synthesisof(9H-fluoren-9-yl)methyl(3-((1-((2,2-diethoxyethyl)(2

methylbutyl)amino)-3-hydroxy-1-oxopropan-2-yl)amino)-3-oxopropyl)carbamate.Toa 

stirredsolutionof3-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)propanoicacid(9.50g, 30.54 

mmol)indryDMF(95mL)maintainedat0 0 CwasaddedHAThT(17.40g,45.81mmol), 
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methylbutyl)propenamide.Toastirredsolutionof(9H-fluoren-9-yl)methyl(1-((2,2-
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DJPEA(16.0mL,91.62mmol)followedby2-amino-N-(2,2-diethoxyethyl)-3-hydroxy-N-(2

methylbutyl)propanamide(13.20g,45.81mmol)atroomtemperatureandthereactionmixture 

wasstilTedfor16li.Aftercompletionthereactionmixturewasquenchedwithicecoldwater 

(200mL)andtheaqueouslayerwasextractedwithEtOAc(200mLx2).Theorganiclayerwas 

washedwithcoldH20(500mL)followedbysaturatedbrine(200mL),driedoverNa2SO4and 

concentratedunderreducedpressure.Thecrudecompoundwaspurifiedbycolumn 

chromatography(Silica100-200mesh~80%EtOAcinHexanes)toafford(9H-fluoren-9

yl)methyl(3- ((1- ((2,2-diethoxyethyl)(2-methylbutyl)amino)-3-hydroxy-1-oxopropan-2

yl)amino)-3-oxopropyl)carbamate(8.0g,31.0%yield)asaviscousyellowoil.MS(ESI)mlz 

[0306] Step5:Synthesisof(9H-fluoren-9-yl)methyl6-(hydroxymethyl)-8-(2

methylbutyl)-4,7-dioxohexahydro-2H-pyrazino[1,2-aIpyrimidine-1(6Th-carboxylate.A 

stilTedsolutionof(9H-fluoren-9-yl)methyl(3- ((1- ((2,2-diethoxyethyl)(2-methylbutyl)amino)-3

hydroxy-1-oxopropan-2-yl)amino)-3-oxopropyl)carbamate(8.0g,13.77mmol)informicacid 

(48.0mL,6.0volume)atroomtemperatureandreactionmixturewasstirredfor16h.After 

completionthereactionmixturewasconcentratedunderreducedpressuretoafford(9H

fluoren-9-yl)methyl6-(hydroxymethyl)- 8- (2-methylbutyl)-4,7-dioxohexahydro-2H
S 

pyrazino[1,2-a]pyrimidine-1(6H)-carboxylate(6.0gcrude)asbrownsemi-solid.Thecrude 

compoundwasusedassuchfornextreactionwithoutfurtherpurification.MS(ESI)rnlz 

[M+H]~:492.2.  

[0307] 5tep6:Synthesisof6-(hydroxymethyl)-8-(2-methyibutyl)hexahydro-4H

(hydroxymethyl)-8- (2-methylbutyl)-4,7-dioxohexahydro-2H-pyrazino[1,2-a]pyrimidine-1(611)

carboxylate(6.0g,12.20mmol)inCH2Cl2(36.0mL)wasaddeddiethylamine(18.0mL)at0 0 C 

andthereactionmixturewasstirredatroomtemperaturefor3h.Aftercompleteconsumptionof 

thestartingmaterial(monitoredbyTLC),thereactionmixturewasconcentratedunderreduced 

pressuretoobtainthecrudecompound.Thecrudematerialwaspurifiedbycolumn 

chromatography(Silica100-200mesh~5%MeOHinDCM)toafford6-(hydroxymethyl)-8-(2

methylbutyl)hexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(611)-dione(3.0g, 93.75%yield)asa 

viscouscolorlessoil.MS(ESI)mlz[M+H]~:270.20.  

[03081 5tep7:Synthesisoftert-butyl6-(hydroxymethyl)-8-(2-methylbutyl)-4,7

dioxohexahydro-2H-pyrazino[1,2-aIpyrimidine-1(6Th-carboxylate.Toasolutionof6

(hydroxymethyl)-8- (2-methylbutyl)hexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(611)-dione 

(3.0g,11. 15mmol)inCH2Cl2(60mL)wasaddedtriethylamine(4.5mL,33.45mmol) 
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pyrazino[1,2-a]pyrimidine-4,7(6H)-dione.Toasolutionof(9H-fluoren-9-yl)methyl6-
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followedbyBocanhydride(3.78mL,16.72mmol)at0 0 Candthereactionmixturewasstirred 

atroomtemperaturefor16h.Aftercompleteconsumptionofthestartingmaterial(monitoredby 

TLC),thereactionmixturewasslowlyquenchedwithicecoldwater(30mL)andextractedwith 

DCM(40mL).Theorganiclayerwaswashedwithbrine(30mL),driedoverNa2SO4and 

concentratedunderreducedpressure.Thecrudecompoundwaspurifiedbycolumn 

chromatography(Silica100-200mesh;10%MeOHinDCM)toaffordtert-butyl6

(hydroxymethyl)-8- (2-methylbutyl)-4,7-dioxohexahydro-2H-pyrazino[1,2-a]pyrimidine-1(6Th

carboxylate(8.0g,31.0%yield)asaviscousyellowoil.MS(ESI)m/z[M+H]~:370.25.  

[0309] Step8:Synthesisoftert-butyl6-(fluoromethyl)-8-(2-methylbutyl)-4,7

dioxohexahydro-2H-pyrazino[1,2-aIpyrimidine-1(6Th-carboxylate.Toasolutionof6

(hydroxymethyl)-8- (2-methylbutyl)-4,7-dioxohexahydro-2H-pyrazino[1,2-a]pyrimidine-1(6Th

carboxylate(1.50g,4.065mmol)inDCM(30mL)wasaddedDAST(1.97g,12.19mmol)at

780 Candstirredfor15mm.Thereactionmixturewasallowedtowarmtoroomtemperature 

andstirredfor3h.Aftercompletionofthereaction(monitoredbyTLC),thereactionmixture 

wasquenchedwithsaturatedNaHCO3solution(15mL)andtheaqueouslayerwasextracted 

withEtOAc(100mLx2).Thecombinedorganiclayerwaswashedwithsaturatedbrine(50 

mL),driedoverNa2SO4andconcentratedunderreducedpressuretoobtaincrudecompound.  

Thecrudematerialwaspurifiedbycolumnchromatography(Silica100-200mesh;5%MeOHin 

DCM)toaffordtert-butyl6-(fluoromethyl)- 8- (2-methylbutyl)-4,7-dioxohexahydro-2H

pyrazino[1,2-a]pyrimidine-1(6H)-carboxylate(0.800g,72.0%yield)asacolorlessviscousoil.  

MS(ESI)mlz[M+H]~:372.2.  

pyrazino[1,2-aIpyrimidine-4,7(6Th-dioneHydrochloridesalt.ToastirredsolutionofteA

butyl6-(fluoromethyl)- S- (2-methylbutyl)-4,7-dioxohexahydro-2H-pyrazino[1,2-a]pyrimidine

1(6H)-carboxylate(1.0g,2.695mmol)in1,4-dioxane(5mL)wasadded4MHClindioxane(5 

mL)at00 Candthereactionmixturewasstirredatroomtemperaturefor3h.Aftercomplete 

consumptionofthestartingmaterial(monitoredbyTLC),thereactionmixturewasquenched 

withsaturatedsolutionofsodiumbicarbonate(10mL)andextractedwithethylacetate(20mLx 

3).Thecombinedorganiclayerwaswashedwithsaturatedbrine(10mL),driedoverNa2SO4 

andconcentratedunderreducedpressuretoafford6-(fluoromethyl)-8-(2

methylbutyl)hexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(611)-dionehydrochloridesalt(0.630 

gcrude)asabrownstickyoil.MS(ESI)rnlz[M+H]~freebase:271.00.  

Example559.SynthesisofCompound47.  
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[0310] 5tep9:Synthesisof6-(fluoromethyl)-8-(2-methylbutyl)hexahydro-4H-
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[03111 Toasolutionof6-(fluoromethyl)-S-(2-methylbutyl)hexahydro-4H-pyrazino[1,2

a]pyrimidine-4,7(6H)-dionehydrochloridesalt(0.150g,0.550mmol)inDMF(1.5mL)was 

addedK2C03(0.381g,2.760mmol)followedby1-(bromomethyl)-4

(difluoromethoxy)benzene(0.261g,1. 100mmol)andthereactionmixturewasstirredatroom 
temperaturefor16h.Aftercompletion(monitoredbyTLC),thereactionmixturewasslowly 

quenchedwithicecoldwater(6mL)andextractedwithEtOAc(20mLx3).Thecombined 

organiclayerwaswashedwithsaturatedbrinesolution(10mL),driedoverNa2SO4and 

concentratedunderreducedpressuretogetcrudecompound.Thecrudecompoundwaspurified 

byPrepHPLCtoafford1-(4-(difluoromethoxy)benzyl)-6-(fluoromethyl)- 8-(2

methylbutyl)hexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6Th-dione(0.040g, 17.0%yield)as 

awhitesolid.MS(ESI)rnlz[M+H]~:428.10. 1 HNMR(400MHzCDCl3)67.34(dJ 8.012 

H),7.11(dJ 8.01,2H),6.32- 6.69(in,1H),5.14-5.25(in,2H),4.60- 4.76(in,2H),3.84 

3.97(in,2H),3.35- 3.45(in,2H),3.12- 3.40(in,4H),2.85- 3.05(in,1H),2.65- 2.75(in,1 

H),2.29 2.34(m,1H),1.65 1.75(in,1H),1.30-1.40(in,1H),1.05-1.18(in,1H),0.80

0.90(in,6H).  

ExampleS60.SynthesisofCompound48.  

[0312] Toasolutionof6-(fluoroinethyl)-8-(2-inethylbutyl)hexahydro-4H-pyrazino[1,2

a]pyriinidine-4,7(6H)-dionehydrochloridesalt(0.340g,1.253ininol)inDMF(3.4inL)was 

addedCs2CO3(0.814g,2.506inmol)followedby1-(broinoinethyl)-4-(trifluoroinethyl)benzene 

(0.598g,2.506inmol),andreactionmixturewasstirredatroomtemperaturefor16h.After 

completion(monitoredbyTLC),thereactionmixturewasslowlyquenchedwithicecoldwater 

saturatedbrinesolution(10inL),driedoverNa2SO4andconcentratedunderreducedpressureto 

getcrudecompound.ThecrudecompoundwaspurifiedbyprepHPLCtoafford6

(fluoromethyl)- 8- (2-inethylbutyl)-1-(4-(trifluoroinethyl)benzyl)hexahydro-4H-pyrazino[1,2

a]pyriinidine-4,7(6H)-dione(0.045g,8.0%yield)asawhitesolid.MS(ESI)mlz[M+H]~: 

430.10.1 HNMR(400MHzCDCl3)67.34(dJ 8.01,2H),7.11(dJ 8.01,2H),5.14-5.25 

(in,2H),4.60- 4.76(in,2H),3.84- 3.97(in,2H),3.35- 3.45(in,2H),3.12- 3.40(in,4H), 

2.85 3.05(in,1H),2.65 2.75(in,1H),2.29- 2.34(in,1H),1.65- 1.75(in,1H),1.30 

1.40(in,1H),1.05-1.18(in,1H),0.80 0.90(in,6H).  

Example561.SynthesisofIntermediateCompoundmethyl2-(1-(4

(difluoromethoxy)benzyl)-8-(2-methylbutyl)-4,7-dioxooctahydro-2H-pyrazino[1,2

aIpyrimidin-6-yl)acetate.  

100 

(6mL)andextractedwithEtOAc(20inLx3).Thecombinedorganiclayerwaswashedwith
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[0313] Step1:Synthesisofmethyl3-(Qf9H-fluoren-9-yl)methoxy)carbonyl)amino)-4

((2,2-diethoxyethyl)(2-methylbutyl)amino)-4-oxobutanoate.Toasolution2-((((9H-fluoren-9

yl)methoxy)carbonyl)amino)-4-methoxy-4-oxobutanoicacid(1.90g,9.475mmol)stirredat0 

ocindryDMF(30mL)wasaddedHATU(3.60g,1. 137mmol)followedbyDJPEA(2.70mL 

1.895mmol),andthereactionmixturewasstirredatsametemperaturefor10mm.Tothe 

resultingreactionmixturewasaddedN-(2,2-diethoxyethyl)-2-methylbutan-1-amine(3.50g, 

9.475mmol),thenthemixturewasallowedtowarmtoroomtemperatureandstirredfor6h.  

Aftercompleteconsumptionofthestartingmaterial(monitoredbyTLC),thereactionmixture 

wasquenchedwithicecoldwater(100mL)andtheaqueouslayerwasextractedwithEtOAc 

(50mLx2).ThecombinedorganiclayerwaswashedwithcoldH20(50mL)followedbybrine 

(50mL),driedoverNa2SO4andconcentratedunderreducedpressuretogetcrudeproduct.The 

crudematerialwaspurifiedbyCombiFlashcolumnchromatographyusing50%EtOAcinii

hexanestoaffordmethyl3-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-4-((2,2

diethoxyethyl)(2-methylbutyl)amino)-4-oxobutanoate(4.30g,83.0%yield)asawhitesolid.MS 

(ESI)nt1 z[M+H-EtOH]~:509.2.  

[0314] Step2:Synthesisofmethyl3-amino-4-((2,2-diethoxyethylX2

methylbutyl)amino)-4-oxobutanoate.Toasolutionofmethyl3-((((9H-fluoren-9

yl)methoxy)carbonyl)amino)-4-((2,2-diethoxyethyl)(2-methylbutyl)amino)-4-oxobutanoate 

(1.36g,2.451mmol)inCH2Cl2(27.0mL)wasaddeddiethylamine(1.53mL,14.71mmol)at 

roomtemperatureandthereactionmixturewasstinedfor3h.Aftercompleteconsumptionof 

thestartingmaterial(monitoredbyTLC),thereactionmixturewasconcentratedunderreduced 

columnchromatographyusing5%MeOHinDCMtoaffordmethyl3-amino-4-((2,2

diethoxyethyl)(2-methylbutyl)amino)-4-oxobutanoate(0.700g,86%yield)asyellowviscous 

liquid.MS(ESI)rnlz[M+H-EtOH]~:287.68.  

[0315] Step3:Synthesisofmethyl3-(3-(Qf9H-fluoren-9

yl)methoxy)carbonyl)amino)propanamido)-4-((2,2-diethoxyethyl)(2-inethylbutyl)amino)-4

oxobutanoate.Toastirredsolutionof3-((((9H-fluoren-9

yl)methoxy)carbonyl)amino)propanoicacid(0.490g,1.594mmol)indryDMF(10mL) 

maintainedat0 0 CwasaddedHATU(0.720g,1.913mmol),DJPEA(0.555mL,3.188mmol) 

followedbytheadditionofmethyl3-amino-4-((2,2-diethoxyethyl)(2-methylbutyl)amino)-4

oxobutanoate(0.530g,1.594mmol).Thereactionmixturewasallowedtowamitoroom 

temperatureandstinedfor6h.Aftercompletionthereactionmixturewasquenchedwithice 

coldwater(20mL)andtheaqueouslayerwasextractedwithEtOAc(20mLx2).Theorganic 
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pressuretoobtainedcrudecompound.ThecrudecompoundwaspurifiedbyCombiFlash



WO2022/094400 PCT/IJS20211057563 

layerwaswashedwithcoldH20(10mL)followedbysaturatedbrine(20mL),driedover 

Na2SO4andconcentratedunderreducedpressure.Thecrudecompoundwaspurifiedby 

Combiflashcolumnchromatographyusing5%MeOHinDCMtoaffordmethyl3-(3-((((9H

fluoren-9-yl)methoxy)carbonyl)amino)propanamido)-4-((2,2-diethoxyethyl)(2

methylbutyl)amino)-4-oxobutanoate(0.630g,70%yield)asanoff-whitesolid.MS(ESI)rnlz 

[M+H-EtOH]~:580.20.  

[0316] Step4:Synthesisof(9H-fluoren-9-yl)methyl6-(2-methoxy-2-oxoethyl)-8-(2

methylbutyl)-4,7-dioxohexahydro-2H-pyrazino[1,2-aIpyrimidine-1(6Th-carboxylate.Toa 

stirredsolutionofmethyl3- (3- ((((9H-fluoren-9-yl)methoxy)carbonyl)amino)propanamido)-4

((2,2-diethoxyethyl)(2-methylbutyl)amino)-4-oxobutanoate(0.300g, 0.4794mmol)wasadded 

formicacid(1.5mL)atroomtemperatureandthereactionmixturewasstinedfor16h.After 

completionthereactionmixturewasconcentratedandthecrudeobtainedwaspurifiedby 

columnchromatography(Silica100-200mesh~0-5%MeOHinDCM)toafford(9H-fluoren-9

yl)methyl6-(2-methoxy-2-oxoethyl)-8- (2-methylbutyl)-4,7-dioxohexahydro-2H-pyrazino[1,2

a]pyrimidine-1(6H)-carboxylate(0.200g,80%yield)asayellowsolid.MS(ESI)rnlz[M+H]~: 

534.67.  

[0317] Step5:Synthesisofmethyl2-(8-(2-methylbutyl)-4,7-dioxooctahydro-2H

pyrazino[1,2-a]pyrimidin-6-yl)acetate.Toasolutionof(9H-fluoren-9-yl)methyl6-(2

methoxy-2-oxoethyl)-8- (2-methylbutyl)-4,7-dioxohexahydro-2H-pyrazino[1,2-a]pyrimidine

1(6H)-carboxylate(0.240g,0.4499mmol)inCH2Cl2(0.5mL)wasaddeddiethylamine(0.280 

mL)andthereactionmixturewasstirredatroomtemperaturefor3h.Aftercomplete 

andthecrudematerialwaspurifiedbycombiflashcolumnchromatographyusing0-5%MeOH 

inDCMtoaffordmethyl2-(8-(2-methylbutyl)-4,7-dioxooctahydro-2H-pyrazino[1,2

a]pyrimidin-6-yl)acetate(0.130g,93%yield)aswhitesolid.MS(ESI)mlz[M-H]~:310.4.  

[0318] Step6:Synthesisofmethylmethyl2-(1-(4-(difluoromethoxy)benzyl)-8-(2

methylbutyl)-4,7-dioxooctahydro-2H-pyrazino[1,2-aIpyrimidin-6-yl)acetate.Toasolution 

ofmethyl2-(8- (2-methylbutyl)-4,7-dioxooctahydro-2H-pyrazinoLI1,2-a]pyrimidin-6-yl)acetate 

(3.08g,9.890mmol)inDMF(30mL)wasaddedK2C03(4.10g,29.66mmol)atroom 

temperatureandreactionmixturestirredat80 0 Cfor15mm.Totheresultingreactionmixture 

wasadded1-(bromomethyl)-4-(difluoromethoxy)benzene(3.48g,14.36mmol)andthestirred 

mixturewasheatedto80 0 Cfor2h.Aftercompletionthereactionmixturewasquenchedwith 

icecoldwater(200mL)andtheaqueouslayerwasextractedwithEtOAc(200mLx2).The 

organiclayerwaswashedwithcoldH20(200mL)followedbysaturatedbrine(150mL),dried 
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consumptionofthestartingmaterial(monitoredbyTLC),thereactionmixturewasconcentrated
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overNa2SO4andconcentratedunderreducedpressure.Thecrudecompoundobtainedwas 

purifiedbyCombiflashcolumnchromatography(5%MeOHinDCM)toaffordmethyl2-(1-(4

(difluoromethoxy)benzyl)- S- (2-methylbutyl)-4,7-dioxooctahydro-2H-pyrazino[1,2-a]pyrimidin

6-yl)acetate(2.20g,48%yield)asayellowsolid.MS(ESI)mlz[M-CH3]~:454.10.  

ExampleS61.SynthesisofCompound49.  

[0319] Toasolutionofmethyl2-(1-(4-(difluoromethoxy)benzyl)- S- (2-methylbutyl)-4,7

dioxooctahydro-2H-pyrazino[1,2-a]pyrimidin-6-yl)acetate(2.20g, 4.705mmol)inTHF(22.0 

mL)wasaddedNaOH(0.560g,14.11mmol)followedbywater(4mL)andthereaction 

mixturewasstirredatroomtemperaturefor3h.ProgressofthereactionwasmonitoredbyTLC.  

Aftercompletionthereactionmixturewasconcentratedunderreducedpressure.Thecrude 

residuewasdissolvedinwater(10mL),slowlyacidifiedwith6NHCl(10mL)andstirredfor5 

mm.TheobtainedsolidprecipitatewasfilteredthroughaBuchnerfunnelanddriedunder 

reducedpressuretoafford2-(1-(4-(difluoromethoxy)benzyl)-8-(2-methylbutyl)-4,7

dioxooctahydro-2H-pyrazino[1,2-a]pyrimidin-6-yl)aceticacid(0.85g,40%yield)asawhite 

solid.MS(ESI)m/z[M+H]~:454.10. 1 HNMR(400MHzCDCl3)a7.28 7.38(in,2H),7.11 

(dJ 7.99Hz2H),6.33- 6.71(in,1H),5.36- 5.40(in,1H),4.70- 4.80(in,1H),4.65 

4.75(in,1H),3.80- 4.00(in,2H),3.55- 3.65(in,1H),3.35- 3.45(in,1H),2.85- 3.30(in,6 

H),2.70 2.80(in,1H),2.25 2.35(in,1H),1.65 1.76(in,1H),1.25 1.35(in,1H),1.10 

1.20(in,1H),0.8- 0.9(in,6H).  

Example562.SynthesisofCompound50.  

dioxooctahydro-2H-pyrazino[1,2-a]pyrimidin-6-yl)aceticacid(0.470g,1.036minol)inTHF(5 

inL)wasadded1,1'-carbonyldiimidazole(0.500g,3. 109ininol)atroomtemperatureandthe 

reactionmixturewasstinedfor15 mm.Totheresultingreactionmixturewasaddedaq.NH3 

(10inL)andreactionmixturewasstirredatroomtemperaturefor3h.Progressofthereaction 

wasmonitoredbyTLC.Aftercompletionthereactionmixturewasslowlyquenchedwithice 

coldwater(6inL)andextractedwithEtOAc(20mLx3).Thecombinedorganiclayerwas 

washedwithsaturatedbrinesolution(10mL),driedoverNa2SO4andconcentratedunder 

reducedpressuretoprovidethecrudecompound.Thecrudecompoundobtainedwaspurifiedby 

Coinbiflashcolumnchromatographyusing5%MeOHinDCMfollowedbyPREPHPLCto 

afford2-(1- (4-(difluoromethoxy)benzyl)- 8- (2-inethylbutyl)-4,7-dioxooctahydro-2H

pyrazino[1,2-a]pyriinidin-6-yl)acetainide(0.070g,15%yield)asawhitesolid.MS(ESI)m/z 

[M+H]~:453.20. 1 HNMR(400MHzCDCl3)67.30- 7.40(in,2H),7.05-7.15(in,2H),6.39 
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6.70(in,1H),5.20- 5.40(in,2H),4.75- 4.85(in,1H),3.95- 4.05(in,1H),3.75- 3.85(in,1 

H),3.50 3.60(in,1H),3.30- 3.40(in,1H),3.05- 3.25(in,2H),2.85- 2.95(in,2H),2.55

2.70(in,1H),2.25- 2.35(in,1H),1.70 1.80(in,2H),1.30 1.40(in,2H),1.05- 1.20(m 

2H),0.75- 0.90(in,6H).  

ExampleS63.SynthesisofIntermediateCompound1-(3-chloro-4

(trifluoromethyl)benzyl)-6-methyihexahydro-4H-pyrazino[1,2-aIpyrimidine-4,7(6Th-dione.  

[0321:i Toasolutionof6-methylhexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6H)-dione 

(500mg,2.732mmol)inDMF(7mL)wasaddedpotassiumcarbonate(1. 13g,8. 196mmol) 

followedby4-(bromomethyl)-2-chloro-1-(trifluoromethyl)benzene(0.894g,3.278mmol)and 

stirredat800 Ctemperaturefor12h.AftercompletionofthereactionmonitoredbyTLC(5% 

MeOHinDCM).Thereactionmixturewaspouredinice-coldwater(50mL)andtheaqueous 

layerwasextractedwithEtOAc(50mL).TheorganiclayerwasdriedoveranhydrousNa2SO4 

andconcentratedunderreducedpressure.Thecrudeobtainedwaspurifiedbycolumn 

chromatography(Silica100-200mesh;5%MeOHinDCM)toafford1-(3-chloro-4

(trifluoromethyl)benzyl)-6-methylhexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6H)-dione(320 

mg,42%yield)asawhitesolid.MS(ESI)rnlz[M+H]~:376.34.  

Example564.GeneralProcedureFfortheSynthesisofFinalCompounds.  

[0322] Toasolutionof1-(3-chloro-4-(trifluoromethyl)benzyl)-6-methylhexahydro-4H

pyrazino[1,2-a]pyrimidine-4,7(6H)-dione(150mg,0.400mmol)inDMF(2mL)at0 0 Cwas 

addedCs2CO3(4eq)andstirredfor20mm thenwasaddedtheappropriatealkylhalide(1.2eq) 

consumptionofstartingmaterial(monitoredbyTLC),thereactionmixturewasquenchedwith 

icecoldwaterandextractedwithethylacetate.Theorganiclayerwasdriedoveranhydrous 

Na2SO4andconcentratedunderreducedpressure.Thecrudeobtainedwaspurifiedbycolumn 

chromatography(Silica100-200mesh~5%MeOHinDCM)togivethefinalcompounds.  

Example565.SynthesisofCompound51.  

[0323] Compound51wassynthesizedbyGeneralProcedureFusing(2

bromoethyl)cyclobutaneasthealkylhalide.MS(ESI)rn/z[M+H]~:458.2. 1 HNMR(400MHz 

CDCl3)6ppm7.70(dJ 8.07Hz,1H),7.54(s,1H),7.33(dJ 868Hz,1H),4.34(ddJ 

10.64,3.55Hz1H),3.87- 3.99(in,2H),3.61(tJ 11.13Hz,1H),3.25- 3.42(in,2H),3.08 

- 3.19(in,2H),2.89- 2.98(in,1H),2.64 2.74(in,1H)2.29- 2.38(in,1H)2.17- 2.27(in,1 

H)1.97- 2.09(in,2H)1.72- 1.92(in,3H)1.58- 1.66(in,4H)1.55(bns,3H).  
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ExampleS66.SynthesisofCompound54.  

[0324] Compound54wassynthesizedbyGeneralProcedureFusing(2

bromoethyl)cyclopentaneasthealkylhalide.MS(ESI)rnlz[M+H]~:472.15. 1 HNMR(400 

MHzCDCl3)appm7.69(dJ 8.11Hz1H)7.52- 7.56(in,1H)7.33(dJ 7.89Hz1H), 

5.23(qJ 7.23Hz, 1H),4.36(ddJ 10.52,3.29Hz1H),3.87- 3.98(in,2H),3.63(tJ 

11.07Hz1H),3.46- 3.56(in,1H),3.25- 3.35(in,1H),3.12- 3.23(in,2H),2.87- 2.97(in,1 

H),2.60 2.70(in,1H),2.29- 2.37(in,1H),1.66- 1.82(in,2H),1.54- 1.63(in,1H),1.51(d, 

J 2.63Hz, 2H),1.42(dJ 7.23Hz,3H),1.26(br.s2H)1.04- 1.16(in,2H)0.80- 0.92 

(m,2H).  

Example567.SynthesisofCompound53.  

[0325:i Step1:Synthesisof(9H-fluoren-9-yl)methyl(1-((2,2-diethoxyethyl)(2

methylbutyl)amino)-4-methyl-1-oxopentan-2-yl)carbamate.Toastirredsolutionof(((9H

fluoren-9-yl)methoxy)carbonyl)leucine(20.0g,56.58inmol)indryDMF(200mL)wasadded 

HATU(21.50g,56.58inmol)followedbyDJPEA(10.62mL,61.10minol)at0 0 Candthe 

reactionmixturewasstinedatsametemperaturefor10mm.Totheresultingreactionmixture 

wasaddedN-(2,2-diethoxyethyl)-2-methylbutan-1-amine(11.48g,56.58minol)atroom 

temperatureandthereactionmixturewasstirredfor3h.Aftercompleteconsumptionofthe 

startingmaterial(monitoredbyTLC),thereactionmixturewasquenchedwithicecoldwater 

(100mL)andtheaqueouslayerwasextractedwithEtOAc(50mLx4).Thecombinedorganic 

layerswerewashedwithcoldH20(50mLx2)followedbybrine(50mL),driedoverNa2SO4 

byCombiFlashcolumnchromatographyusing5%MeOHinDCMtoafford(9H-fluoren-9

yl)methyl(1- ((2,2-diethoxyethyl)(2-methylbutyl)amino)-4-methyl-1-oxopentan-2-yl)carbamate 

(14.5g,47.57%yield)asawhitesolid.MS(ESI)mlz[M+H]~:539.04.  

[0326] Step2:Synthesisof2-amino-N-(2,2-diethoxyethyl)-4-methyl-N-(2

methylbutyl)pentanamide.Toasolutionof(9H-fluoren-9-yl)methyl(1-((2,2-diethoxyethyl)(2

methylbutyl)amino)-4-methyl-1-oxopentan-2-yl)carbamate(8.50g,15.77inmol)inCH2Cl2(50 

mL)wasaddeddiethylamine(16mL,157.7inmol)atroomtemperatureandthereaction 

mixturewasstirredfor3h.Aftercompleteconsumptionofthestartingmaterial(monitoredby 

TLC),thereactionmixturewasconcentratedunderreducedpressuretoobtainedcrude 

compound.ThecrudecompoundwaspurifiedbyCombiFlashcolumnchromatographyusing 

5%MeOHinDCMtoafford2-amino-N-(2,2-diethoxyethyl)-4-methyl-N-(2
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methylbutyl)pentanamide(3.60g,72%yield)asayellowviscousliquid.MS(ESI)mlz[M+H

EtOH]~:272.10.  

[0327] Step3:Synthesisof(9H-fluoren-9-yl)methyl(3-((1-((2,2-diethoxyethylX2

methylbutyl)amino)-4-methyl-1-oxopentan-2-yl)amino)-3-oxopropyl)carbamate.Toa 

stilTedsolutionof3-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)propanoicacid(3.80g,12.28 

mmol)indryDMF(35mL)maintainedat0 0 CwasaddedHATU(6.48g,17.05mmol)and 

DJPEA(4.90mL,28.42mmol),followedbytheadditionof2-amino-N-(2,2-diethoxyethyl)-4

methyl-N-(2-methylbutyl)pentanamide(3.60g,11.37mmol).Thereactionmixturewasallowed 

toattainroomtemperatureandstirredfor3h.Aftercompletionthereactionmixturewas 

quenchedwithicecoldwater(20mL)andtheaqueouslayerwasextractedwithEtOAc(30mL 

x2).TheorganiclayerwaswashedwithcoldH20(10mL)followedbysaturatedbrine(20mL), 

driedoverNa2SO4andconcentratedunderreducedpressure.Thecrudecompoundwaspurified 

byCombiflashcolumnchromatographyusing5%MeOHinDCMtoafford(9H-fluoren-9

yl)methyl(3- ((1- ((2,2-diethoxyethyl)(2-methylbutyl)amino)-4-methyl-1-oxopentan-2-yl)amino)

3-oxopropyl)carbamate(3.8g,55%yield)asanoff-whitesolid.MS(ESI)mlz[M+H-EtOH]~.  

565.30.  

[0328] Step4:Synthesisof(9H-fluoren-9-yl)methyl6-isobutyl-8-(2-methylbutyl)-4,7

dioxohexahydro-2H-pyrazino[1,2-aIpyrimidine-1(6Th-carboxylate.Toastirredsolutionof 

(9H-fluoren-9-yl)methyl6-isobutyl-8- (2-methylbutyl)-4,7-dioxohexahydro-2H-pyrazino[1,2

a]pyrimidine-1(6H)-carboxylate(3.80g,6.231mmol)wasaddedformicacid(20mL)atroom 

temperatureandthereactionmixturewasstirredfor16h.Aftercompletionthereactionmixture 

chromatography(Silica100-200mesh~0-5%MeOHinDCM)toafford(9H-fluoren-9-yl)methyl 

6-isobutyl-8- (2-methylbutyl)-4,7-dioxohexahydro-2H-pyrazino[1,2-a]pyrimidine-1(611)

carboxylate(3.60g,94%yield)asayellowsolid.MS(ESI)mlz[M+H]~:518.23.  

[0329] Step5:Synthesisof6-isobutyl-8-(2-methylbutyl)hexahydro-4H-pyrazino[1,2

a]pyrimidine-4,7(6H)-dione.Toasolutionof(9H-fluoren-9-yl)methyl6-isobutyl-8-(2

methylbutyl)-4,7-dioxohexahydro-2H-pyrazino[1,2-a]pyrimidine-1(611)-carboxylate(3.60g, 

6.954mmol)inCH2Cl2(36mL)wasaddeddiethylamine(6.8mL,69.54mmol)andthereaction 

mixturewasstilTedatroomtemperaturefor16h.Aftercompleteconsumptionofthestarting 

material(monitoredbyTLC),thereactionmixturewasconcentratedunderreducedpressureand 

thecrudeproductwaspurifiedbycombiflashcolumnchromatographyusing10-50%ethyl 

acetateinn-hexanetoafford6-isobutyl-8-(2-methylbutyl)hexahydro-4H-pyrazino[1,2

a]pyrimidine-4,7(6H)-dione(1.20g,60%yield)asawhitesolid.MS(ESI)m/z[M+H]~:296.10.  
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[0330] Step6:Synthesisof1-(4-(difluoromethoxy)benzyl)-6-isobutyl-8-(2

methylbutyl)hexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6H)-dione.Toasolutionof6

isobutyl-8-(2-methylbutyl)hexahydro-4H-pyrazino[1,2-a]pyrimidine-4,7(6H)-dione(0. 170g, 

0.576mmol)inDMF(5mL)wasaddedK2C03(0.159g,1. 152mmol)at00 Candthereaction 

mixturewasstirredfor10mm.Totheresultingreactionmixturewasadded1-(bromomethyl)-4

(difluoromethoxy)benzene(0.150g,0.632mmol)atroomtemperatureandstirredfor3h.After 

completionthereactionmixturewasquenchedwithicecoldwater(200mL)andtheaqueous 

layerwasextractedwithEtOAc(20mLx2).TheorganiclayerwaswashedwithcoldH20(20 

mL)followedbysaturatedbrine(15mL),driedoverNa2SO4andconcentratedunderreduced 

pressure.TheresultingcrudecompoundwaspurifiedbyPREPHPLCtoafford1-(4

(difluoromethoxy)benzyl)-6-isobutyl-S-(2-methylbutyl)hexahydro-4H-pyrazino[1,2

a]pyrimidine-4,7(6H)-dione(0.103g,40%yield)asawhitesolid.MS(ESI)mlz[M+H]~: 

452.3.1 HNMR(400MHzDM50d6)37.42(dJ 8.SHz2H),7.14 7.24(in,3H),5.0 

5.10(in,1H),4.50- 4.60(in,1H),3.90 4.00(in,2H),3.60- 3.70(in,1H),3.02- 3.40(in,4 

H),2.70 2.85(in,2H),2.0- 2.10(in,1H),1.50- 1.70(in,4H),1.20- 1.35(in,1H),1.0 

1.10(in,1H),0.70 0.98(in,12H).  

BiologicalExamples 

ExampleRi.Phospho-METELISA.  

[0331] CompoundswerescreenedforpotencytowardstheHGF/METsystemusing 

phospho-MET(pMET)ELISAkits(CellSignaling).pMETlevelsweredetectedinsamples 

[0332] HEK293cellswerepreparedbypassageinto6-wellmulti-platesandgrownat37 0 C 

at5%C02inDMEM+10%FBSuntilapproximately90%confluent.Cellswerethenstarved 

foratleast8hoursinserum-freegrowthmedia.  

[0333] ExemplarycompoundswerepreparedinDMEM+0.1%FBSdilutedandaddedto 

treatmentmediawith1ng/inLrecombinantHGFprotein(R&DSystems).Cellswereincubated 

intriplicateat37 0 Cand5%C02for15minutes.Sampleswerethentreatedwith1804ice

coldRIPA(radioiminunoprecipitationassay)bufferandcellswerelysedonicefor15minutes.  

Lysateswereclearedbycentrifugationat16,000-gfor15minutesandthesupematantwas 

retained.SampleswerenormalizedusingaBCAassayoflysatestodetermineprotein 

concentrationsacrossthesamples.  

[0334] Between50and100kgtotalproteinlysatewasloadedintoELISAwellsinpMET 

SandwichELISAkit(CellSignalingCatalog#7227C),ensuringequalproteinloadineachwell.  
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havinglow(1ng/inL)andhigh(10ng/inL)concentrationsofHGF.
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TheELISAwasprocessedaccordingtomanufacturersinstructions.Aftercolordeveloped, 

absorbancewasreadonanopticalplatereaderat450nm.  

[0335] Potencymeasurementsweredeterminedusingpeakefficacybyscalingtest 

compounddosetreatmentsalongascaleof1 10between1ng/mLand10ng/mLHGFdoses 

accordingtothefollowingformula: 

y 1+(x-A)t(1O-1)/(B-A) 

whereyisthenormalizeddata-pointxistherawdatapointAisthemeanHGFat1ng/mL, 

andBisthemeanHGFat10ng/mL.TheresultsforthecalculatedpotencyareshowninTable 

2.  

Table2.PotencyofExemplaryCompounds.  

Compound Potency CompoundNo. Potency 

la 2a ++ 

3a 4a + 

Sa + 6a + 

7a ++ 8a + 

9 10 

11 12 ++ 

13 14 

15 16 

19 20 + 

21 22 

23 24 

25 26 

27 28 

29 30 

31 32 

33 34 

35 36 

37 38 

39 40 

41 42 

43 44 

108 
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45 46 

47 48 

49 50 

51 52 

53 ++ 54 
S 

- indicatesthatthecompoundfailedtosignificantlyaugmentMET 
phosphorylation 

+indicatesmaximumpotencyatorabove100nM 

++indicatesmaximumpotencyatorabove10nM 

+++indicatesmaximumpotencyatorabove1nM 

++++indicatesmaximumpotencyatorabove0.1nM 

ExampleB2.CellScatteringBehaviorAssay.  

[0336] MDCKcellsweregrownundernormalconditionsandobservedtospontaneously 

formtightcoloniesastheyproliferate.MDCKcellsrespondtoHGFtreatmentbymovingaway 

fromeachother(scattering),whichisquantifiedtoassesstheamountofHGF/METactivationin 

thecellpopulation.InthisexperimentMDCKcellswereplatedina96-wellformattreated 

withHGFandexemplarycompoundsfluorescentlystainedimagedinlargefieldsand 

scatteringbehaviorwasquantified.Quantificationwasdeterminedbyanalyzingthenumberof 

continuousgroupsofcellscomparedtothetotal S areaimaged(normalizedparticle 

counts).  

[0337] MDCKcellswereplatedatlowdensityinblack-walledimagingplatesandallowed 

hoursinDMEMwithoutFBS("starvemedia").Samplescontainingexemplarycompounds 

werepreparedinDMEMwithoutFBSandincluded5ng/mLHGFprotein("treatmentmedia").  

AcontrolcurvewasalsopreparedforeachplateusingHGFconcentrationsof0,5,10,and20 

ng/mL.Starvemediawasreplacedwithtreatmentmediaandcellswereincubatedfor24hours 

at370 Cand5%C02.  

[0338] Afterincubationcellswerefixedbyreplacingtreatmentmediawithcoldethanoland 

incubatingfor20minutesat4 0 C.CellswerethenrehydratedbywashingwithPBSandthen 

withstainsolution(fluorescentwheatgerm ' WGA488at20~g/mLinPBS).Cells 

wereincubatedwithstainsolution30minutesatroomtemperatureafterwhichstainsolution 

wasreplacedwithfreshPBS.  
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toattachovernightat37 0 Cand5%CO2inDMEM+10%FBS.Cellswerethenstarvedto2
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[0339] FieldsofcellswereimagedusinganiCytehighcontentimagerinthegreen 

wavelength.Imageswereconvertedtobinaryandanalyzedforparticlesizeandparticlecount.  

Forthepurposeofanalysisanindividualcelltouchingnoothercellsorseparatedcoloniesof 

cellswereidentifiedasparticlesandparticlecountswerenormalizedbythetotalsignalareato 

accountfordifferencesincellnumber.Anincreaseinthenumberofparticlesindicatedthat 

individualcellsmovedawayfromeachotherinascatteringbehaviorresponse.Compound 

potencywasassessedbystatisticalincreaseinnormalizedparticlecountcomparedtoHGF 

treatmentalone.TheresultsareshowninTable3.  

Table3.CellScatteringAssayResultsofExemplaryCompounds.  

Compound Potency Compound Potency 

la 2a + 

3a 4a + 

5a 6a 

7a ++ 8a 

9 10 

11 ++ 12 ++ 

13 14 

15 16 

17 18 

19 20 

21 22 ++ 

25 26 

27 NT 28 

29 NT 30 ++ 

31 32 

33 34 

35 36 

37 38 NT 

39 40 NT 

41 42 

43 44 

45 NT 46 

47 NT 48 NT 
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49 50 

51 52 

53 54 
e e 

- indicatesthatthecompoundfailedtosignificantlypromotecellscattenng 
behavior 

+indicatesmaximumpotencyatorabove100nM 

++indicatesmaximumpotencyatorabove10nM 

+++indicatesmaximumpotencyatorabove1nM 

++++indicatesmaximumpotencyatorabove0.1nM 

NTindicatesthecompoundwasnottested 

ExampleB3.SolubilityAssay.  

[0340] Aqueoussolubilityisacriticaldrugpropertythathelpstopredictbioavailability.  

Generallycompoundswithaqueoussolubility<100jig/miarepoordrugs.Toassesscompound 

solubilityaturbidimetricsolubilityassaywasperformedwithexemplarycompoundsata 

concentrationrangefrom3-300pM.  

[0341] Toassessacompound'ssolubilitybyturbiditytestcompoundswerefirstdissolved 

inorganicsolvent(DMSO)ataconcentrationof10mM.Thiscompoundsolutionwasthen 
dilutedinaqueoussolvent(PBS)inadilution S 

senesfrom3to300pMina96-wellassayplate.  

Solutionswereincubatedat37 0 Cfor2hours.  

[0342] Inwellswithtestcompoundsovertheirsolubilitylimitthecompoundwill 

Uvlightatawavelengthof620nm.Compoundswereconsideredinsolubleatatested 

concentrationifturbidityraisestheabsorbancemorethan10%abovecontrolreads.Theresults 

areshowninTable4.  

Table4.SolubilityofExemplaryCompounds.  

Compound Solubility Compound Solubility 

la 2a 

3a 4a 

Sa 6a 

7a Sa 

9 10 

11 12 
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precipitateeffectivelyblockingthepassageoflightandthusincreasingtheabsorbancesignalof
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13 14 

15 16 

17 18 

19 20 

21 22 

23 24 

25 26 

27 28 

29 30 

31 32 

33 34 

35 36 

37 38 

39 40 

41 42 

43 44 

45 46 

47 48 

49 50 

51 52 

53 54 ++ 

+indicatessolubilityat10p.M 

+++indicatessolubilityat100p.M 

++++indicatessolubilityat300p.M 

ExampleB4.PermeabilityAssay.  

[0343] Bioavailabledrugsmustpermeatethecellularmembranesoftheliningofthe 

digestivetract.Toestimatethepenetrabilityofexemplarycompoundstheinvitroparallel 

artificialmembranepermeabilityassay(PAMPA)wasutilized.  

[0344] Testcompoundsmusthaveastandardcurveinthefinalreadplatetodetermine 

partitionedconcentrationofeachdrug.A6-pointstandardcurvewaspreparedforeach 

compoundfrom0to200p.Minphosphate-bufferedsaline(PBS).  

[0345] Testcompoundsolution(300p.LinPBS)wasaddedtothedonor(bottom)wellof 

thePAMPAplatein5replicatesandPBSvehicle(200p.L)wasaddedtotheacceptor(top)wells 

112 

++indicatessolubilityat30p.M
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ofappropriatewellstomatchtheloadingofthedonorplate.ThebottomandtopofthePAMPA 

plateswerethensandwichedtogether.ThePAMPAplateswerethenincubatedatroom 

temperaturefor5hours.Afterincubation,150~LofdonorsolutionwasaddedtoaUV 

compatibleplatecontainingthecorrespondingstandardcurve.150~Lofacceptorwellsolution 

wasaddedadjacenttothecorrespondingstandardcurveanddonorwellsamplesforthat 

compound.TheplatewasthenreadusingaUVplatereader.  

[0346] Permeabilityandmembraneretentionwerethencalculatedbasedonthefollowing 

formulas~ 

Permeability(cm/s):(Pe)(cm/s) I-ln[1 CA(t)ICeq]II[A~(1/VD+1/VA)*t] 

equationn) 

where: 

A filterarea(0.3cm2).  

VD donorwellvolume(0.3mL); 

VA acceptorwellvolume(0.2mL); 

t incubationtime(seconds); 

CA(t) compoundconcentrationinacceptorwellattimet 

CD(t) compoundconcentrationindonorwellattimetand 

MembraneRetention(R) 1- [CD(t)*VD+CA(t)*VA]I(CO*VD) 

equationn) 

where: 

CD(t),VDCA(t),andVAareasdefinedforequation1,and 

CO initialconcentrationindonorwell(200uM).  

[0347] TheresultsareshowninTable5.  

Table5.PermeabilityofExemplaryCompounds.  

Compound Permeability Compound Permeability 

la ++ 2a 
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3a 4a + 

5a 6a 

7a + 8a + 

9 ++ 10 NT 

11 ++ 12 

13 NT 14 ++ 

15 NT 16 NT 

17 ++ 18 NT 

19 20 

21 NT 22 

23 NT 24 NT 

25 NT 26 NT 

27 NT 28 NT 

29 NT 30 

31 NT 32 NT 

33 NT 34 NT 

35 NT 36 NT 

37 NT 38 NT 

39 NT 40 NT 

41 NT 42 ++ 

43 NT 44 NT 

45 NT 46 NT 

49 ++ 50 NT 

51 52 NT 

53 54 

+indicatespermeabilityabove1x10 5 cmls 

++indicatespermeabilityabove2x1O~ 6 cm/s 

+++indicatespermeabilitybelow2x10 6 cm/s 

NTindicatesthecompoundwasnottested 

ExampleB5.CytotoxicityAssay.  

[0348] Thisexperimentwasdesignedtoobtainapreliminaryassessmentofcytotoxicity.  

Compoundsweretestedathighconcentrationstodetermineifanycytotoxiceffectswere 
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observedinhepatocyte(HepG2)cellculturesbymeasuringthereleaseoflactatedehydrogenase 

(LDH)intotheculturemediaasameasurementoflysed/deadcells.  

[0349] HepG2cellswereplatedin96-wellcellcultureplatesandallowedtoattach 

overnightat37 0 C,5%CO2inEMEM+10%FBS.Treatmentsweremadeincompletemedia 

(EMEM+10%FBS)andincludedadilutionseriesoftestcompoundsfrom0.1to100jiM.  

Knowncytotoxincerivastatinwasusedasapositiveassaycontrolandpreparedatafinal 

concentrationof0.5jiM.  

[0350] Growthmediawasreplacedwithtreatmentmedia(EMEM+10%FBScontaining 

testcompounddissolvedinDMSO)andcellswereincubatedwithtestcompoundsfor48hours.  

Attheendoftheincubationperiod, supernatantmediafromeachwellwastransferredtoanew 

plateandLDHassayworkingsolutionwasadded.LDHassaysolutionundergoesacolorimetric 

reactioninproportiontotheamountoflactatedehydrogenase(anintracellularproteinthatwas 

onlyfoundinthemediainthepresenceoflysedcells)inthemedia.Colorreactionwas 

quantifiedbymeasurementofabsorbanceatawavelengthof490nm.  

[0351] Thesignalrangeoftheassaywasdeterminedbynomanipulationinanegative 

controltreatmentandfulllysisofallcellsinalysiscontrolsample.Compoundsthatincreasethe 

levelofcytotoxicitymorethan20%abovenegativecontrolsampleswereconsideredcytotoxic 

inthisassay.ResultsareshowninTable6.  

Table6.CytotoxicityofExemplaryCompounds.  

la 2a 

3a NT 4a 

Sa 6a 

7a Sa 

9 10 NT 

11 12 

13 NT 14 

15 NT 16 NT 

17 18 NT 

19 20 

21 NT 22 

23 NT 24 NT 

25 NT 26 NT 
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27 NT 28 NT 

29 NT 30 

31 NT 32 NT 

33 NT 34 NT 

35 NT 36 NT 

37 NT 38 NT 

39 NT 40 NT 

41 NT 42 

43 NT 44 NT 

45 NT 46 NT 

47 NT 48 NT 

49 50 NT 

51 52 NT 

53 54 

+indicatesnon-toxicat0.1p.M 

++indicatesnon-toxicat1p.M 

+++indicatesnon-toxicat10p.M 

++++indicatesnon-toxicat100p.M 

NTindicatesthecompoundwasnottested 

ExampleB6.InVitroStabilityAssays.  

inthebody.Asaninitialassessmentofstabilitypropertiesinavarietyofconditionspresentin 

animalsexemplarycompoundsweretestedforstabilityinabatteryofsimulatedbody 
S 

compartments.Compoundsweretestedforstabilityinthefollowingsolutions:simulatedgastric 

fluid(SGF:34.2mMNaClpH1.2),simulatedgastricfluidwiththedigestiveenzymepepsin 

(SGF+Enzyme:SGFwith3.2mg/mlpepsin),simulatedintestinalfluidwiththemixtureof 

enzymesinporcinepancreatin(SIF+Enzyme:28.7mMNaH2PO4,105.7mMNaClpH6.8, 

10mg/mlpancreatin),ratplasmaandhumanplasma.  

[0353] TestcompoundswereincubatedatafinalconcentrationofSp.Mintheabove 

solutionsat370 Cwithsamplesremovedatthefollowingtimepoints:0,1, 2,and4hours.  

Reactionswerestoppedandpreparedforquantificationbyadditionofexcessquenchsolution 

containinganinternalstandard(acetonitrile,200ng/mLbucetin).Testcompoundandinternal 

standardineachsamplewasquantifiedbyLC-MS/MSandafterinternalnormalizationto 
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bucetintestcompoundconcentrationwasexpressedasapercentageofconcentrationatthe0

hourtimepoint.Stabilityintherelevanttestsolutionwasthendeterminedbythepercent 

remainingatthe4-hourtimepoint.ResultsareshowninTable7.  

Table7.InVitroStabilityofExemplaryCompounds.  

Compound SGF SGF+Enz SIF RatPlasma HumanPlasma 

la ++ ++ 

2a ++ ++ 

3a NT NT NT NT NT 

4a NT NT NT NT NT 

Sa + ++ ++ 

6a + ++ ++ 

7a ++ NT NT 

8a ++ 

9 NT NT NT NT NT 

10 NT NT NT NT NT 

11 +++ ++++ 

12 ++ 

13 NT NT NT NT NT 

14 ++ ++ 

15 NT NT NT NT NT 

16 NT NT NT NT NT 

18 NT NT NT NT NT 

19 ++ + 

20 ++ 

21 NT NT NT NT NT 

22 +++ 

+indicates20-39%compoundremainingafter4hours 

++indicates40-79%compoundremainingafter4hours 

+++indicates80-99%compoundremainingafter4hours 

++++indicates100%compoundremainingafter4hours 

NTindicatesthecompoundwasnottested 

ExampleB7.InVivoPharmacokinetics.  
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[0354] Administrationofexemplarycompoundsbyselectedroutesfollowedbyblood 

collectionandcompoundquantificationinplasmawasusedtodeterminethepharmacokinetic 

(PK)profileofthecompounds.Compoundswereadministeredtomixed-sexSprague-Dawley 

ratsofatleast250gramsbydissolvingthetestcompoundinDM50andthendilutingthe 

compoundintoanappropriatevehicleeithersalineorsalineandpoly-ethyleneglycol.Dosing 

wasaccomplishedbyeithertailveinpuncture(IV)ororalgavage(P0),andanimalswere 

administeredcompoundaccordingtotheirweightat1mL/kg.Atselectedintervalsfollowing 

administration(10,20,40,60,120,and360minutes),bloodwascollectedbytailveinblood 

draw.Wholebloodwasthenprocessedbycentrifugationtoproduceplasma.Compoundcontent 

inplasmasampleswasquantifiedbyLC-MS/MSandcomparedtoaninternalstandardand 

standardcurvestodetermineconcentrationaccurately.  

[0355] Plasmaconcentrationswerethenaveragedforeachtimepointandplottedasa 

functionoftime.AreaunderthecurvewascalculatedbyintegrationofthecurveCmaxwasthe 

highestconcentrationachievedinplasmaandTmaxwasdeterminedbythetimingofCmax.  

ResultsareshowninTable8.  

Table8.PharmacokineticParametersofExemplaryCompounds.  

AUC 

Compound IV P0 Iv P0 IV P0 

la ++ ++ +++ + +++ ++ 

2a +++ ++ +++ ++ +++ ++ 

4a NT NT NT NT NT NT 

Sa ++ + ++ + +++ ++ 

6a + +++ + +++ ++ 

7a ++++ + ++++ + +++ ++ 

8a NT NT NT NT NT NT 

9 NT NT NT NT NT NT 

10 NT NT NT NT NT NT 

11 ++ ++ ++ +++ 

12 ++ ++ ++ + +++ + 

13 NT NT NT NT NT NT 

14 +++ +++ ++ ++ +++ + 

15 NT NT NT NT NT NT 

16 NT NT NT NT NT NT 
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17 NT NT NT NT NT NT 

18 NT NT NT NT NT NT 

19 NT NT NT NT NT NT 

20 +++ +++ +++ ++ +++ + 

21 NT NT NT NT NT NT 

22 ++ ++ ++ +++ ++ 

AUC:++++indicatesdose-correctedplasmaAUCabove3000ng th/mL~+++indicates 
dose-correctedplasmaAUCbetween1000-2999ng th/mL;++indicatesdose-corrected 
plasmaAUCbetween100-999ng*h/mL~+indicatesdose-correctedplasmaAUCbetween 
1-100ngth/mL.  

Cmax:++++indicatesdose-correctedplasmaCmaxabove3000ng/mL~+++indicates 
dose-correctedplasmaCmaxbetween1000-2999ng/mU++indicatesdose-corrected 
plasmaCmaxbetween100-999ng/mL;+indicatesdose-correctedplasmaCmaxbetween 
1-100ng/mL.  

Tmax:+++indicatesTmaxbelow30minutes,++indicatesTmaxbetween30-60minutes, 

+indicatesTmaxabove60minutes.  

NTindicatesthecompoundwasnottested.  

ExampleB8.OralAvailabilityCalculation.  

[0356] Oralbioavailabilityiscriticaltodevelopingsmallmoleculetherapeuticsfororal 

administration.Calculationsoforalbioavailability(%F)areaccomplishedbycomparinginvivo 

pharmacokineticdata(ExampleB7)usingIVdosingasthemaximumpossibleexposureand 

determiningtheexposurerateafterP0administration.InthesestudiesdosecorrectedAUC 

fromP0administrationwasdividedbydosecorrectedAUCfromIVadministrationand 

Table9.CalculatedOralAvailabilityofExemplaryCompounds.  

Compound Oral Bioavailability 

la 

2a 

3a NT 

4a NT 

Sa ++ 

6a ++ 

7a + 

8a NT 

9 NT 
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10 NT 

11 

12 

13 NT 

14 

15 NT 

16 NT 

17 NT 

18 NT 

19 NT 

20 

21 NT 

22 

++++indicatesoralbioavailabilityabove50% 

+++indicatesoralbioavailabilitybetween25-50% 

++indicatesoralbioavailabilitybetween1-25% 

+indicatesoralbioavailabilitybelow1% 

NTindicatesthecompoundwasnottested 

ExampleB9.Non-SpecificProteinBinding.  

[0357] Plasmaandtissueexposuresofexemplarycompoundswerescaledbytheirnon

compoundavailableforinteractionwiththetarget.Non-specificbindingwasdeterminedin 

bloodplasmaandbrainhomogenatecollectedfrommixed-sexSprague-Dawleyrats.  

[0358] Knownconcentrationsoftestcompoundsweremixedwithplasmaorbrain 

homogenateandincubatedinthedonorchamberofarapidequilibriumdialysis(RED)device 

withemptyPBSbufferinthereceivingchamber.Aftera4-hourincubationat37 0 Cinanorbital 

shakingincubatorcompoundineachchamberwasquantifiedbyLC-MS/MS. Theunbound 

fraction(k~jSSUC)wascalculatedusingthefollowingformula: 

1 
fUtiSSUe i 1*D 

1+ fuhomogenate 

where: 
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I~utissueIStheunboundfractioninthetissue 

fuftomoqenateIStheratioofconcentrationinthebufferchambertoconcentrationinthesample 
chamberand 

Disthedilutionfactorusedtoproducethesample.  

[0359] ResultsareshowninTable10.  

Table10.Non-SpecificProteinBindingofExemplaryCompounds.  

UnboundFraction 
Coinpound 

Plasma Brain 

la ++ 

2a ++ 

3a NT NT 

4a NT NT 

5a + + 

6a ++ + 

7a ++++ 

8a NT NT 

9 NT NT 

10 NT NT 

11 + ++ 

13 NT NT 

14 ++ 

15 NT NT 

16 NT NT 

17 NT NT 

18 NT NT 

19 NT NT 

20 ++ 

21 NT NT 

22 ++ 

++++indicatesunboundfractionabove0.9 

+++indicatesunboundfractionbetween0.5and0.9 

++indicatesunboundfractionbetween0.1and0.5 
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+indicatesunboundfractionbelow0.1 

NTindicatesthecompoundwasnottested 

ExampleBlO.InVivoTissueDistribution.  

[0360] Therateofdistributiontotargettissuesisanimportantfeatureoftherapeutic 

molecules.Tissuedistributionofexemplarycompoundswasperformedinmixed-sexSprague

dawleyrats.Testcompoundsweredeliveredviatailveininjection(IV)andtissueswere 

collectedatTmax(10minutespostadministration).Animalsweredeeplyanesthetizedwith 

isofluraneandwholebloodwascollectedfromtherightatriumandprocessedbycentrifugation 

toproduceplasma.AnimalswerethenfullyperfusedwithPBSadministeredtotheleftventricle 

topreventbloodcontaminationoftissues.  

[0361] Tissueswerecollectedandhomogenizedandcompoundcontentinthetargettissue 

wasquantifiedbyLC-MS/MS.Tissuedistributionratesweredeterminedbydividingthetissue 

concentrationofcompoundbytheplasmaconcentrationandmultiplyingby100.Resultsare 

showninTable11.  

Table11.InVivoTissueDistributionofExemplaryCompounds.  

TissueDistribution(%Plasma exposure at 10 mm post IVdose) 
Compound Muscle SciaticNerve Brain Hippocampus 

Cerebellum Cortex 

la NT NT ++ ++ ++ ++ 

2a ++ ++ + ++ 

4a NT NT NT NT NT NT 

5a NT NT ++++ 

6a ++ ++ ++ ++ 

7a ++ + + + + 

8a NT NT NT NT NT NT 

9 NT NT NT NT NT NT 

10 NT NT NT NT NT NT 

11 NT ++ ++ + + + 

12 NT ++ ++ ++ ++ 

13 NT NT NT NT NT NT 

14 NT ++ ++ ++ ++ ++ 

15 NT NT NT NT NT NT 

16 NT NT NT NT NT NT 
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17 NT NT NT NT NT NT 

18 NT NT NT NT NT NT 

19 NT NT NT NT NT NT 

20 NT ++++ 

21 NT NT NT NT NT NT 

22 NT ++ ++ ++ ++ 

++++indicatesdistributionabove70% 

+++indicatesdistributionbetween40and69% 

++indicatesdistributionbetween5and39% 

+indicatesdistributionbetween0.05and5% 

NTindicatesthecompoundwasnottested 

ExampleRh.InVivoEfficacy:Scopolamine-InducedSpatialMemoryDeficitinthe 

MorrisWaterMaze.  

[0362] Exemplarycompounds2aand6awereevaluatedfortheirabilitytoreverse 

chemically-inducedspatialmemorydeficitsinratsintheMorriswatermaze.Thewatermaze 

consistsofalargeroundtank(diameter2.1m)filledwith26-28 0 Cwatertoadepthof~30cm 

andthewaterwascloudedwithwhitepaint.Aroundplatform(13cmdiameter)wasfixedsuch 

thatitrested2-3cmbelowthesurfaceofthewater.High-contrastvisualcueswereplaced 

aroundthetanktoaidspatialorientationoftestanimals.Testingconsistedofplacingananimal 

intothewaterfacingthetankwallatoneofthreerandomlyassignedstartinglocationsand 

takenfortheanimaltolocatetheplatformwasrecordedastheescapelatency.Animalswere 

tested5timesperdaywitha30secondrestperiodbetweentrials.Testingwascompletedfora 

totalofSconsecutivedays.  

[0363] Animalsweredividedintogroups(NSpergroup)dependingontreatment.Control 

animalsreceivedonlyemptyvehicle.Scopolaminegroupsreceived3mg/kgscopolamine 

dissolvedinsterilesalinebyintraperitoneal(IP)injection30minutespriortotesting.Test 

compoundgroupsreceivedtestcompoundatvariousconcentrationsbyoralgavage(P0) 

dissolvedin48%sterilesaline,50%polyethyleneglycol(PEG-400),and2%DM8040minutes 

priortotesting.Escapelatencieswererecordedforeachanimalfor5trialseachdayfor8 

consecutivedays.Changesinescapelatencycurveswerestatisticallyanalyzedby2-way 

ANOVAwithBonferonipost-test.ResultsareshowninTable12.  
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[0364] Exemplarycompoundlawasevaluatedforitsabilitytoreversechemically-induced 

spatialmemorydeficitsinratsintheMorriswatermaze.Thewatermazeconsistsofalarge 

roundtank(diameter1.5m)filledwith23-26 0 Cwatertoadepthof~3Ocmandthewaterwas 

cloudedwithwhitepaint.Aroundplatformwasfixedsuchthatitrested2-3cmbelowthe 

surfaceofthewater.High-contrastvisualcueswereplacedaroundthetanktoaidspatial 

orientationoftestanimals. Testingconsistedofplacingananimalintothewaterfacingthetank 

wallatoneofthreerandomlyassignedstartinglocationsandallowingtheanimaltoswimand 

searchforthehiddenplatformforupto90seconds.Thetimetakenfortheanimaltolocatethe 

platformwasrecordedastheescapelatency.Animalsweretested5timesperdaywitha30 

secondrestperiodbetweentrials.Testingwascompletedforatotalof5consecutivedays.  

[0365] Animalsweredividedintogroups(N12pergroup)dependingontreatment.Control 

animalsreceivedonlyemptyvehicle.Scopolaminegroupsreceived2mg/kgscopolamine 

dissolvedinsterilesalinebyintraperitoneal(IP)injection30minutespriortotesting.Test 

compoundgroupsreceivedtestcompoundatvariousconcentrationsbyoralgavage(P0) 

dissolvedin78%sterilesaline,20%polyethyleneglycol(PEG-400),and2%DM5040minutes 

priortotesting.Escapelatencieswererecordedforeachanimalfor5trialseachdayfor5 

consecutivedays.Changesinescapelatencycurveswerestatisticallyanalyzedby2-way 

ANOVAwithBonf'eroriipost-test.ResultsareshowninTable12.  

Table12.InVivoEfficacyofExemplaryCompounds.  

Compound Dose (mg/kg) Cognitive Improvement 

la 2 

0.5 + 

10 

2a 1 

0.1 

10 ++ 
6a 

1 

+++indicatespost-testp-valuebelow0.01 

++indicatespost-testp-valuebetween0.05and0.01 

+indicatespost-testp-valuebetween0.06and0.05 

- indicatespost-testp-valueabove0.06 
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[0366] Althoughthepresentinventionhasbeendescribedinsomedetailbywayof 

illustrationandexampleforpurposesofclarityofunderstandingthedescriptionsandexamples 

shouldnotbeconstruedaslimitingthescopeoftheinvention.Thedisclosuresofallpatentand 
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CLAIMS 

1. AcompoundofFomiula(I).  

XL 
I 

N 
-(R%~ N K' 

FR2 RibRI~ 

(I) 

orapharmaceuticallyacceptablesaltthereofwherein: 
L isadirectbond, 0)-,~(CRaRb)m~C(-0)-- 0) - or~(CRaRb)m~, 

, C( ~(CRaRb)m, 

eachR~andRbisindependentlyHCi-C6alkylC2-C6alkenylorC2-C6alkynyl~ 

R1 ~ andRib areindependentlyHCi-C6alkylC2-C6alkenylC2-C6alkynylCi-C6alkoxy, 

haloorC6-Cioarylalkyl~ 

R2  isHoxoorthioxo, 

R3  isC2-C6alkylC3-C6alkenylC3-C6alkynylC3-C12cycloalkylC3-C6cycloalkylalkyl, 

c6-c1oarylalkyl,5-tolO-memberedheteroarylalkylor5-tolO-membered 
heterocyclylalkyl, 

whereinthe5-tolO-memberedheteroarylalkylor5-tolO-memberedheterocyclylalkyl 

contains1-3heteroatomsselectedfromnitrogenandoxygew 

whereinthe5-tolO-memberedheteroarylor5-tolO-memberedheterocyclylcontains1

3heteroatomsselectedfromnitrogenandoxygew 

eachR5 isindependentlyCi-C6alkyloxoorhalo 

R6  isHCi-C6alkyloroxw 

R7  isHoroxo, 

m islorand 

n isanintegerfrom0to3~ 

whereineachCi-C6alkylC2-C6alkenylC2-C6alkynylC3-C12cycloalkyl, 

c3-c12cycloalkylalkylC6-CioarylC6-Cioarylalkyl,5-tolO-memberedheteroaryl,5-to10
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memberedheteroarylalkyl,5-tolO-memberedheterocyclyland5-tolO-membered 

heterocyclylalkylisoptionallysubstitutedwithonetofivesubstituentsselectedfromhydroxyl, 

haloaminoCi-C6haloalkylCi-C6alkoxyCi-C6haloalkoxycyano- (C0)NH2,nitro 

-S02(Ci-C6alkyl),and-CO2H.  

2. Thecompoundofclaim1, orapharmaceuticallyacceptablesaltthereofwhereinLis 

0)or~(CRaRb) 

33 Thecompoundofclaim1or2orapharmaceuticallyacceptablesaltthereofwhereinL 

isa-C(-0) 3 

43 Thecompoundofclaim1or2orapharmaceuticallyacceptablesaltthereofwhereinL 

is~(CRaRb)

53 Thecompoundofclaim4,orapharmaceuticallyacceptablesaltthereofwhereinR~and 

RbareeachHandmisl.  

6. Thecompoundofanyoneofclaims1-5orapharmaceuticallyacceptablesaltthereof, 

whereinRl~andRibareeachindependentlyH~C1-C6alkyloptionallysubstitutedwith1-3 

substituentsselectedfromhalo,-CO2Hand-C(0)NH2;Ci-C6alkoxy;haloorC6-Cioarylalkyl 

optionallysubstitutedby1-3substituentsselectedfromhaloandamino.  

7. Thecompoundofclaim6,orapharmaceuticallyacceptablesaltthereofwhereinRl~and 

RibareeachindependentlyHmethylfluoro,2-methylbutyl,-CRYmethoxy,-CH2CO2H, 

8. Thecompoundofclaim6,orapharmaceuticallyacceptablesaltthereofwhereinRl~and 

RibareeachindependentlyHorC1-C3alkyl.  

9. Thecompoundofclaim8,orapharmaceuticallyacceptablesaltthereofwhereinRi~is 

methylandRibisH.  

10. Thecompoundofclaim8,orapharmaceuticallyacceptablesaltthereofwhereinRi~and 

RibareeachH.  

11. Thecompoundofanyoneofclaims1-10,orapharmaceuticallyacceptablesaltthereof, 

whereinR 2 isH.  
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12. Thecompoundofanyoneofclaims1-10,orapharmaceuticallyacceptablesaltthereof, 

whereinR2 isthioxo.  

13. Thecompoundofanyoneofclaims1- 10,orapharmaceuticallyacceptablesaltthereof, 

whereinR2 isoxo.  

14. Thecompoundofanyoneofclaims1-13,orapharmaceuticallyacceptablesaltthereof, 

whereinR3 isC3-C6alkylC3-C6alkenylC3-C6alkynylC3-C12cycloalkylC3-C6 

cycloalkylalkylC6-Cioarylalkyl,5-tolO-memberedheteroarylalkylor5-to1O-rnernbered 

heterocyclylalkylwhereinthealkylalkenylalkynylcycloalkylcycloalkylalkylarylalkyl, 

heteroarylalkylorheterocyclylalkylisoptionallysubstitutedwithonetofivesubstituents 

selectedfromhydroxylhaloaminoCi-C6haloalkylCi-C6alkoxyCi-C6haloalkoxy, 

cyano,-(C0 H2,nitro,-S02(Ci-C6alkyl),and-CO2H.  

15. Thecompoundofanyoneofclaims1- 13, orapharmaceuticallyacceptablesaltthereof, 

whereinR3 isC2-C6alkyloptionallysubstitutedby1-3substituentsselectedfromhaloCi-C3 

alkoxyhydroxy,-NH2,-S02(Ci-C3alkyl),and-C 0)NH2;C2-C6alkenyl;C3-C6 

cycloa1kylalkyl~5-to6-memberedheteroarylalky1~5-to6-memberedheterocyclylalky1~orC6 

arylalkyl.  

16. Thecompoundofclaim15,orapharmaceuticallyacceptablesaltthereofwhereinR 3 is 

C2 alkylsubstitutedby1-3substituentsselectedfromCi-C3alkoxyhydroxy,-NH2,and 

-S02(Ci-C3alkyl).  

whereinR3 is: 
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N N I, 

F 

7 NH2  7 7 

N 7 N 7 7 

-x 

7 7 7 7 

N 0~ 7 7 

0 
F 

7 0 F 
U 

18. Thecompoundofclaim17, orapharmaceuticallyacceptablesaltthereofwhereinR 3 is~ 

I N 7 

N or 
U 

19. Thecompoundofanyoneofclaims1- 18,orapharmaceuticallyacceptablesaltthereof, 

whereinR4 isC6-Cioaryloptionallysubstitutedwith1-3substituentsselectedfromhalo 

hydroxyl, i-C6haloalkyland i-C6haloalkoxy.  

20. Thecompoundofclaim19,orapharmaceuticallyacceptablesaltthereofwhereinR 4 is 

phenylsubstitutedwith1-3substituentsselectedfrom-CF3,-OCHF2,-OHfluoroandchloro.  

21. Thecompoundofclaim20,orapharmaceuticallyacceptablesaltthereofwhereinR 4 is.  
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F F Y 
CF3  0 HO 0I CF3 

22. Thecompoundofclaim21,orapharmaceuticallyacceptablesaltthereofwhereinR 4 is.  

F F ci 

CF3  HO CF3 

or 
U 

23. Thecompoundofanyoneofclaims1-18,orapharmaceuticallyacceptablesaltthereof, 

whereinR4 is5-tolO-memberedheteroaryloptionallysubstitutedwith1-3substituentsselected 

fromhalohydroxylCi-C6haloalkylandCi-C6haloalkoxy.  

24. Thecompoundofclaim23,orapharmaceuticallyacceptablesaltthereofwherein 

R4. pyridylorindolyloptionallysubstitutedwith1-3substituentsselectedfromhalohydroxyl, 

cl-c6haloalkylandCi-C6haloalkoxy.  

25. Thecompoundofclaim24,orapharmaceuticallyacceptablesaltthereofwherein 

HN 
HO N 

N A 
or 

R4. U 

HO N IN 
4.  

nixU 

27. Thecompoundofanyoneofclaims1-18,orapharmaceuticallyacceptablesaltthereof, 

whereinR4 is5-tolO-memberedheterocyclyloptionallysubstitutedwith1-3substituents 

selectedfromhalohydroxylCi-C6haloalkylandCi-C6haloalkoxy.  

28. Thecompoundofclaim27,orapharmaceuticallyacceptablesaltthereofwhereinR 4 is 

indolinyl.  
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29. Thecompoundofclaim28,orapharmaceuticallyacceptablesaltthereofwhereinR 4 is 

H 

N 

I 
U 

30. Thecompoundofanyoneofclaims1-26,orapharmaceuticallyacceptablesaltthereof, 

wherein-L-R 4 ~ 

F F 
F30 0 HO F30 HO N 

N 

K- 0 
Juw Juw 

I I 7 I 7 7 I I 
7 7 7 

F F 
F30 0 F30 HO N 

N K
Jwu Juvv 

I I 7 I 7 I ,U I I U 

31. Thecompoundofanyoneofclaims1-30,orapharmaceuticallyacceptablesaltthereof, 

whereinnis0.  

32. Thecompoundofanyoneofclaims1-30,orapharmaceuticallyacceptablesaltthereof, 

whereinnis1.  

333 Thecompoundofclaim32,orapharmaceuticallyacceptablesaltthereofwhereinR 5 is 

34. Thecompoundofclaim33,orapharmaceuticallyacceptablesaltthereofwhereinR 5 is 

oxoorfluoro.  

35. Thecompoundofanyoneofclaims1-34,orapharmaceuticallyacceptablesaltthereof, 

whereinR 6 isH.  

36. Thecompoundofanyoneofclaims1-35,orapharmaceuticallyacceptablesaltthereof, 

whereinR7 isoxo.  

37. Thecompoundofanyoneofclaims1-10,13-31,35,and36,orapharmaceutically 

acceptablesaltthereofwhereinthecompoundisofFormula(V): 
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N 

0 

(V) U 

wherein: 

38. Thecompoundofclaim37,orapharmaceuticallyacceptablesaltthereof, S 

L is-C(0)- or-CH2-; 

R1 ~ andRibareindependentlyHorCi-C3alkyloptionallysubstitutedwith-C02H~ 

R3 isC4 -C5 alkylC4-C5alkenylorCi-C3alkylsubstitutedwithC3-C5cycloalkyband 

R4 isphenylorpyridylsubstitutedwith1-3substituentsselectedfrom-CF3,-OCHF2,-OH 

fluoroandchloro.  

39. AcompoundselectedfromthecompoundsofTablelAandpharmaceuticallyacceptable 

saltsthereof 

40. Apharmaceuticalcompositioncomprisingthecompoundofanyoneofclaims1-39,ora 

pharmaceuticallyacceptablesaltthereofandapharmaceuticallyacceptablecarrier.  

41. Amethodformodulatinghepatocytegrowthfactorinasubjectinneedthereofthe 

ofclaims1-39,orapharmaceuticallyacceptablesaltthereoforthepharmaceuticalcomposition 

ofclaim40.  

42. Themethodofclaim41,whereinthemodulating S 

compnsestreatingadiseasecondition 

orinjury.  

433 Themethodofclaim42,whereinthediseaseconditionorinjuryisaneurodegenerative 

diseaseaspinalcordinjuryatraumaticbraininjuryorasensorineuralhearingloss.  

44. Themethodofclaim42or43,whereinthediseaseconditionorinjuryisa 

neurodegenerativedisease.  
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45. Themethodofclaim44,whereintheneurodegenerativediseaseisAlzheimer'sdisease 

Parkinson1*sdiseaseHuntington1*sdiseaseoramyotrophiclateralsclerosis(ALS).  

46. Themethodofclaim45,whereintheneurodegenerativediseaseisAlzheimer'sdiseaseor 

Parkinson1*sdisease.  

47. Amethodfortreatingorslowingprogressionofdementiainasubjectinneedthereof 

themethodcomprisingadministeringtothesubjectaneffectiveamountofthecompoundofany 

oneofclaims1-39orapharmaceuticallyacceptablesaltthereoforthepharmaceutical 

compositionofclaim40.  

48. Themethodofclaim47,whereinthedementiaisassociatedwithAlzheimersdiseaseor 

Parkinsonsdisease.  

49. Amethodforpreventingcognitivedysfunctioninasubjectinneedthereofthemethod 

comprisingadministeringtothesubjectaneffectiveamountofthecompoundofanyoneof 

claims1-39,orapharmaceuticallyacceptablesaltthereoforthepharmaceuticalcompositionof 

claim40.  

50. Amethodfortreatingrepairingorpreventingadiseaseconditionorinjuryrelatedto 

nervetissueinasubjectinneedthereofthemethodcomprisingadministeringtothesubjectan 

effectiveamountofthecompoundofanyoneofclaims1-39,orapharmaceuticallyacceptable 

saltthereoforthepharmaceuticalcompositionofclaim40.  

diseaseordisorderoftheperipheralnervoussystemneuropathicpainanxietyordepressionin 

asubjectinneedthereofthemethodcomprisingadministeringtothesubjectaneffective 

amountofthecompoundofanyoneofclaims1-39,orapharmaceuticallyacceptablesalt 

thereoforthepharmaceuticalcompositionofclaim40.  
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